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On Sunday, September 21, 2014, Sheila McCann 
woke up at 4 a.m. and ate 2,000 calories. In 
a few hours, she planned to 

start the Ironman Lake Tahoe triathlon 
in which she would quickly burn up all 
those calories and more as she swam 2.4 
miles, cycled 112 miles, and then ran a marathon. “You 
start training at least 6 months in advance and then you 
really get disciplined for the last 3 months with your diet, 
training, everything,” she said. “I was really dialed in.” 

Within half an hour of the starting gun going off, 
her plans, hopes, and expectations for the day changed 

radically. Race directors announced 
the cancellation of the triathlon due to 
smoke from the King Fire, which had 
started the week before and eventually 

burned across 97,000 acres in northern California. 
“We were all in our wetsuits standing there at the 
lake, ready to start. It was such a shock. Especially 
because where we were, there was hardly any smoke. 

Pioneer Fire, Idaho. This was the largest fire on Forest Service land in 2016.

“My reaction was to 
get the hell out of there.”
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Key Points

• Smoke from wildfires is a public health
concern. Smoke affected the entire Pacific
Northwest region in 2015, and again in
2017. Scientists developed the BlueSky
Modeling Framework that forecasts where
smoke will travel, allowing public health
agencies and communities to prepare for
smoke impacts.

• Wildfires are here to stay. Scientists
predict that with climate change, the
annual area burned will continue to
increase. Learning to coexist with wildfire
means we will have to learn to coexist
with some amount of smoke.

• Large areas of the Intermountain West
are in need of some sort of landscape
restoration to change fuel patterns,
forest age, and forest-density conditions.
Restoration often includes fuel
treatments, including prescribed fire.

• A benefit of prescribed fire over wildfire
is that you can plan for it, control the
conditions of the burn, and minimize the
smoke impacts.

• The more people understand about the
ecological benefits of prescribed burning,
the fewer concerns they have about its use,
and that includes concerns about smoke.

People were crying and hugging each other, trying to figure out what 
to do next. I had to pack up all my stuff in two big backpacks and bike 
20 miles back to Squaw Valley where we were supposed to finish. As 
I rode I came into the smoke and understood why they canceled it,” 
McCann said. “My reaction was to get the hell out of there. But it was 
a big disappointment not to be able to compete.”

Triathletes had gathered from long distances, including a busload of 
people from Mexico, for the chance to compete. Officials from state and 
county health departments had been closely monitoring air quality in the 
area. The day before the race, it looked like smoke from the King Fire 
would not overlap with the course. However, fire behavior and wind pat-
terns shifted that afternoon and air quality quickly deteriorated in the 
area. Health officials advised that the high levels of particulate matter 
in the air were unsafe for athletes, event volunteers, and spectators, and 
shortly before the planned 6:30 a.m. race time, triathlon directors called 
off the race. 

The King Fire burning near Lake Tahoe on September 14, 2015. 
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◀ Firefighters endure smoke on the job.



Big fires, unhealthy air
Smoke is an unwanted but unavoidable byproduct of 

fire—and fire is here to stay. “Fire is not only inevitable, 
but a lot more fire and smoke are coming our way,” Paul 
Hessburg said. He is a research landscape ecologist for the 
U.S. Forest Service’s Pacific Northwest (PNW) Research 
Station. For nearly 40 years, he has been studying the way 
disturbances such as wildfire shape forest landscapes, as 
well as the reverse: the way topography, climate, and veg-
etation mosaics historically have influenced the size and 
behavior of past fires. 

“Historical fires created these amazing patchworks 
of burned and recovering vegetation. Some fires thinned 
out the trees and burned up the surface fuels. Some killed 
most of the trees. Most fires were small to medium size, far 
fewer were large. This burned patchwork helped to regu-
late future fire sizes and their severities,” he said. “But over 
the past century, our management practices have created an 
epidemic of young trees in dense and layered conditions. In 
these conditions, fires easily spread long distances. When 
large, they are often severe, burning under more extreme 
fire weather.”

In addition to being a research priority, this issue hits 
close to home. Hessburg lives and works in Wenatchee in 
the heart of Washington state, which has experienced sev-
eral historically destructive wildfire seasons in the past few 
years. In 2015, the total number of acres burned by wildfire 
in the state was more than six times greater than the 10-year 
average. More than a million acres burned in Washington 
that year, while about two-thirds of a million acres burned 
in Oregon. Across the Pacific Northwest, the frequency of 
large fires has increased 1,000 percent. 

“We’ve entered a new era of megafires—fires that over-
simplify the landscape. Climate change scientists tell us that 
the area burned since 2000 will double or triple over the 
next three decades,” Hessburg explained. “Right now, with 
our practice of putting out 95 to 98 percent of all wildfire 
starts, big fire is the only story the landscape is able to tell.” 

Hessburg and other fire scientists hold that the “com-
mand and control” approach to fire is not the answer. He 
and a group of colleagues published an article in Nature 
outlining the scientific reasons why we need to learn to 
better coexist with wildfires, rather than shun them. Fire, 
they say, is a disturbance factor on the landscape that we 
cannot remove. The more we try to eliminate it, the more 
insistently it welcomes itself back. Moreover, many plants, 
animals, and ecosystems benefit from fire; fire exclusion 
negatively affects those adapted to frequent fire. “Wildfire 

is the single most essential process for maintaining western 
forest and rangeland health,” Hessburg said. 

Learning to coexist with wildfire means we will have to 
learn to coexist with some amount of smoke. “In reality, 
we don’t get to decide whether there will be lots of fire and 
smoke,” Hessburg said. “There will be fire and smoke, and 

Fire is a natural disturbance factor, but large, uncharacteris-
tic fires can be destructive to ecosystems and create public 
health concerns from unhealthy smoke emissions.
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In the past 5 years, nearly every western state has seen a 
wildfire of record-breaking size.
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lots of it. Our choice is how we want that fire and smoke. 
We can live with weeks and weeks of smoke released by 
large, destructive wildfires in the summer, or we can take it 
in smaller doses that accompany prescribed burns or man-
aged wildfires.” A managed wildfire is a naturally ignited 
fire allowed to burn as long as it stays within well-defined 
perimeters and safe conditions. 

“Prescribed burns and managed wildfires can help man-
agers reduce the risk of even larger and more destructive 
wildfires,” Hessburg said. “You can get significantly less 
smoke from prescribed burns than from wildfires.” 

In 2015, when a million acres burned in wildfires in 
Washington state, only 7,000 acres were treated with pre-
scribed fire. This was partly because smoke fatigue from 
those wildfires made decisionmakers reluctant to plan 
controlled burns. To avoid having this situation become 
the new norm, Hessburg has a message for land manag-
ers, regulatory agencies, and communities around the 
Intermountain West: we can do better. He enlisted the help 
of documentary filmmakers at North 40 Productions and 
created a 70-minute, multi-media presentation called The 
Era of Megafires. He has taken this presentation on the road, 
touring major western cities and towns as small as Lincoln, 
Montana (population 1,100). At more than 60 events so far, 
his live presentation has reached more than 12,000 people. 

In his presentation, Hessburg describes the implica-
tions of continuing at the current pace of forest restoration. 
“Restoration” is a land management concept that refers to 
improving a forest’s resilience to disturbances such as wild-
fires or climate warming, typically through prescribed burn-
ing treatments, sometimes coupled with forest thinning and 
managed wildfire. Large areas of the Intermountain West  

are in need of some sort of landscape restoration to change 
fuel patterns, forest age and forest-density conditions. 

“If we do nothing, wildfires will do the work. And we 
won’t like the results,” Hessburg said. “Fire managers in 
eastern Washington burn far fewer acres than they could 
be burning with prescribed fire. One of the limitations 
to increasing the pace and scale of intentional burning is 
smoke management.” 

Continued on page 6

Big Fires, Unhealthy Air
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Landscape ecologist Paul Hessburg studies forest health 
and wildfire dynamics. “We need to learn to coexist with 
wildfire,” he says. 
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Prescribed fire is different from wildfire

Wildfires are unplanned. With prescribed burns, 
fire managers can predict and plan for the 
fire’s behavior, ignite it under safe conditions, 

and minimize the smoke impact to communities. There 
are other more specific differences as well. Prescribed fires 
and wildfires don’t burn in the same way, or give off the 
same kind or amount of smoke. The Forest Service’s Pacific 
Northwest Region air quality program manager, Rick 
Graw, explained that much of this difference has to do with 
the time of year. 

“Let’s say you burned 100 acres of land with a prescribed 
burn versus the same 100 acres with a wildfire,” he said. 
“The wildfire would typically burn in mid- to late sum-
mer here in the Northwest. The fuels are drier. You get a lot 
more consumption of some fuels, like the duff layer, maybe 
the heavy logs, tree stumps, things like that. Whereas if 
you burn those same fuels during a prescribed burn in the 
spring, they are still pretty moist. You don’t get the con-
sumption of those fuels nearly as much. They tend to smol-
der a lot. So you would get a lot more emissions from those 
fuels if they burned under a wildfire scenario because they 
are drier and more available to burn. Also, with a wildfire 

you might torch your canopy, which adds that much more 
fuel than you get with a prescribed burn. I estimate maybe 
a third more.”

Fuel moisture level is not the only difference. Fire ecolo-
gist Morgan Varner is with the Pacific Northwest Research 
Station’s Pacific Wildland Fire Science Laboratory. He is 
working on fire models that incorporate the unique igni-
tions patterns of prescribed burns to help land managers 
understand what to expect. Current fire models are based 
on wildfire. 

“Prescribed fire is different. It has an explicit ignition,” 
said Varner. “Our current fire behavior models show a big 
blob spreading over the landscape. Prescribed fire is not 

an unfettered fire running across the landscape—it’s typ-
ically a series of strips. We need to be able to better model 
prescribed fire behavior to give managers the decision sup-
port they need. Therefore, we are modeling backing fire 
(the slower spreading part of a fire moving windward or 
downslope) and we have 5 years of research planned on fire 
behavior focused on how trees survive or perish. For pre-
scribed fire, you want to burn certain trees and not others.” 

Alert to the information needs of fire managers, Varner 
has his eye on helping them respond to the health concerns 
of communities. 1
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Morgan Varner collects data on the effects of prescribed fire.

Prescribed fire such as this is a valuable tool for fuel 
management and ecosystem restoration.



Human health is paramount
As Ironman Lake Tahoe officials were well aware, 

smoke is a human health concern. Smoke, whether from 
wildfire or prescribed fire, can sharply reduce air qual-
ity by releasing particulate matter (PM)—a mixture of 
microscopic solids and liquid droplets. Particulate mat-
ter is one of the most dangerous types of air pollution for 
human health. Some particles, like dust and pollen, are 
large enough to see. Particles larger than 10 micrometers 
(PM10) easily catch in our noses and throats. Fine particles 
smaller than 2.5 micrometers, known as PM2.5, are small 
enough to inhale all the way into our lungs, where they can 
cause much more harm. 

The World Health Organization reports that the PM2.5 
level with demonstrated adverse health effects is not much 
above the background concentration. For the 26 million 
Americans with asthma, putting additional PM2.5 into 
their air is a concern. Asthma is already responsible for 2 
million emergency room visits each year, and is the third 
leading cause of hospital stays for children. 

Besides asthma, the health effects of air pollution include 
increased heart attacks and stroke, long-term lung and cardio-
vascular disease, and premature death in seniors and infants. 
The World Health Organization reports that air pollution is 
also the leading environmental cause of cancer deaths. 

The people most at risk from air pollution include the 
elderly; children, especially infants, because their lungs are 
still growing; and people with asthma, chronic obstructive 
pulmonary disease (COPD), or an underlying cardiovascu-
lar issue or diabetes. Exposure to air pollution increases for 
those who work or exercise outside. Just about every family 
has someone who fits one of these criteria. 

Smoke affected the entire Pacific Northwest region in 
2015. Wildfires released approximately 130,000 tons of 
fine particulate matter (PM2.5) in Washington. In Oregon, 
fires released approximately 90,000 tons of PM2.5. During 
the last two weeks of August when it was especially smoky, 
more than 8 million people in the region were exposed to 
air pollution that exceeded the level that the Environmental 
Protection Agency (EPA) deems unhealthy for sensitive 
groups. In 2017, as this Science Update was being prepared 
for publication, the region again experienced long periods 
of smoke. In Portland and Seattle, several days spread over 
multiple weeks had daily averages of PM2.5 levels in the 
“unhealthy for sensitive groups” category in which children, 
pregnant women, the elderly, and those with compromised 
breathing are advised to limit their exposure. Conditions 
even spiked into the “unhealthy” category in which the EPA 
recommends that all people should take mitigating actions. 

Air Quality Summary Report for the 2015 Pacific Northwest fire year: Between June 1 and September 30, 2015, millions of people 
in the Pacific Northwest were exposed to air quality deemed unhealthy for sensitive groups because of wildfire smoke. 
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Smoke can travel hundreds of miles, affecting communities far away. Scientists have developed a modeling framework called 
BlueSky that predicts where the smoke will go. 
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Where will the smoke go?
When Sim Larkin started working at PNW Research 

Station’s Pacific Wildland Fire Science Laboratory in 
Seattle in 2001, his expertise was immediately applied to 
address pressing questions about smoke. As a climatologist, 
he studies wildfire smoke emissions, huge complicated cli-
mate systems like El Niño, and the interactions of wildfire 
and climate. In the early 2000s, air quality was starting to 
become a political issue in Washington state. An environ-
mental group had filed lawsuits against the state over air 
pollution from agricultural grass burning. Land managers 
and policymakers had concerns about whether prescribed 
fire also should be restricted because of smoke impacts on 
human health and public safety. 

“The question was how to conduct prescribed burning 
in a way that won’t cause an impact. If you want to do that, 
you need to have some idea of where the smoke will go. And 
that leads to the idea of a predictive smoke model” Larkin 
said. “There were some tools available back then, but they 
were relatively crude.” 

He eventually took the lead on a project to build a system 
that could predict where the smoke from various prescribed 
burns would go. Smoke can travel hundreds of miles, some-
times remaining aloft for long distances and then collaps-
ing far downwind from the source fire. Smoke forecasting 
requires data on weather, terrain, fires and fuels. To create 
a prediction framework, Larkin’s team had to link a com-
plex series of processing steps sequentially together, starting 
with fire information and fuel loading (the amount of com-
bustible material available per unit area), progressing to fuel 
consumption, and ending with smoke emissions. 

“In 2003, the station ran the first smoke model for pre-
scribed burns. By 2005, the director of the EPA, Mike 
Leavitt, had seen our outputs and asked if we could do this 
for wildfires across the West. It turns out we can,” Larkin 
explained. “We realized there is a lot of demand on wild-
fire incidents to understand where smoke goes, and a need 
to communicate with local public health agencies and com-
munities that are going to be affected.”

The efforts of Larkin and his team, known as the AirFire 
Research Team, culminated in the BlueSky Modeling 
Framework, a program integrating existing datasets and 
models that can create predictions about where smoke will 
travel. BlueSky can be used during a wildfire incident—for 
example, if a fire manager wants to conduct a back burn, 

The size of wildfires in the West has been growing, leading to 
smoky summers for many communities..
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Larkin’s team could customize a model run based on the 
specifics of that fire. They did this type of custom run 
recently for a pilot study near Bend, Oregon (see “Smoke 
modeling supports prescribed burning near communities” 
on page 9). They also developed a web-based application 
that allows any user to input information about a fire or 
proposed fire, pick their fuel beds through a web interface, 
and then let the smoke dispersion model run while they 
wait. This is frequently used by practitioners implement-
ing prescribed burns. If they model a burn for today and it 
looks bad, they can come back the next day and rerun the 
same fire using updated winds, and in the same fashion 
keep checking for an optimal ignition time.

BlueSky enabled the first comprehensive nationwide 
smoke forecasts and formed the basis for smoke prediction 
systems and tools used across the country and internation-
ally. BlueSky’s customized smoke projections and analy-
ses have now guided public health outreach during major 
wildfires across most of the West, including California, 
Colorado, Utah, Washington, and Wyoming. 

Rick Graw is the air quality program manager with 
the Forest Service’s Pacific Northwest Region, which cov-
ers Oregon and Washington. Tools like BlueSky help Graw 

reduce uncertainty as his program monitors national forests 
for the harmful effects of air pollution, and assists forest man-
agers in conducting prescribed burns. “The smoke modeling 
helped us to document our wildfire response in 2015 and 
2017 and quantify the emissions and air quality impacts for 
what were really bad fire years in the Northwest,” Graw said. 
“As you would expect, many people were exposed to smoke 
and there were a lot more unhealthy days from wildfire.”

Smoke models also facilitate communication about 
smoke impacts to the public. In addition to customized 
smoke projections, BlueSky produces daily predictions of 
surface PM2.5 concentrations for the continental U.S., 
Alaska, and Canada (see https://www.airfire.org/data/
bluesky-daily/); it is available to the public in real time, and 
often used by journalists reporting on fire impacts.

Ten years ago, there were no national smoke model fore-
casts. BlueSky and other tools are a tremendous boost for 
making good decisions about when to use prescribed burns. 
“I think it’s critical to keep improving our smoke, plume, 
and exposure models,” Larkin explained. “Our toolkit helps 
land managers better plan burns, and in a way that can build 
trust in communities. When you have lots of uncertainty it’s 
important to build up that trust, which is a critical piece.”

Big Fires, Unhealthy Air

Janice Peterson and Gary Curcio, both air resource advisors, 
instal an air quality monitor on the roof of a theater in Ash-
land, Oregon in 2015. 
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Although wildfires can cause significant disruptions to com-
munities, prescribed burns can be carefully controlled and 
conducted when conditions are less risky.
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Smoke modeling supports  
prescribed burning near communities

In June 2015, a prescribed burn five miles west of Bend, 
Oregon, exposed 100,000 people to air quality condi-
tions deemed by the Environmental Protection Agency 

to be unsafe for sensitive groups. 
The prescribed burn was actually a test, part of a proj-

ect to study different approaches toward accomplishing 
fuel treatments in the West Bend Vegetation Management 
Project area. Keeping smoke out of Bend from this area 
is particularly difficult. Nighttime temperature inversions 
trap smoke from smoldering fuels, which then flows along 
the Deschutes River into downtown Bend. Bend has seen 
nine smoke intrusions over the past 2 years due to pre-
scribed fires, raising concerns regarding health, visibility, 
and livability.

Pacific Northwest (PNW) Research Station scientists 
took measurements during prescribed burns in 2014 and 
2015, using portable weather stations, air quality monitors, 
and automated cameras. This improved understanding of 
some of the challenges in managing smoke in complex ter-
rain, such as the river drainage that transports smoke into 
town during nocturnal inversions. They are also analyz-
ing how smoke emissions vary depending upon the types of 
fuels, burning, and fuel loading. 

“This work showed us how complex the air f lows are 
around Bend, and made us realize we need more accu-
rate, higher resolution operational models than the ones 
we currently use,” said Rick Graw. Ultimately, the smoke 
modeling, along with other PNW Research Station stud-
ies on fuel types, is helping facilitate the use of prescribed 
fire as a restoration tool, while also protecting air quality 
in communities like Bend. 1

Big Fires, Unhealthy Air

Prescribed fire (above) behaves differently than wildfire. 
Morgan Varner is working on computer models that incorpo-
rate the unique burning patterns of prescribed fire.
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Prescribed fire’s role
Not relying on Mother Nature

In 2016, after back-to-back record-breaking fire seasons 
in 2014 and 2015, the Washington state legislature passed 
House Bill 2928 to encourage prescribed fires in the central 
and eastern parts of the state. Their intention was to use 
prescribed fire to help control the timing and conditions of 
subsequent wildfires so that communities would ultimately 
experience less smoke. 

A report developed jointly by the National Association 
of State Foresters and the Coalition of Prescribed Fire 
Councils in 2015 supports this idea. It states: “By managing 
the extent of wildfire through prescribed fire and using fire 
for resource benefit in controlled situations, the impact of 
smoke on public health can be greatly reduced. The ability 
to place prescribed fire on the ground under planned cir-
cumstances and weather conditions can greatly outweigh 
responding to unexpected wildfire emergencies. Proactive 
use of prescribed fire has shown the ability to minimize 
smoke impacts compared to emission from wildfires.”

The Washington Department of Natural Resources 
(DNR) is tasked with enforcing air quality regulations 

in the state. As the assistant wildfire division manager at 
Washington DNR, Karen Arnold helps oversee the state’s 
air quality rules pertaining to silviculture, which includes 
smoke from prescribed fires. Washington DNR reviews 
prescribed burn requests and makes daily approval deci-
sions based on weather forecasts and projections of smoke 
emissions. Arnold and her team work to thread the needle 
of getting the most prescribed burning done with the least 
effect on people as possible.

“Prescribed fire is not the right answer in all places at all 
times,” Arnold said. “If it’s a wildfire situation and we are 
responding to the incident and communicating with peo-
ple with asthma or the elderly—they know we are doing 
our best. However, when you are affecting them with a pre-
scribed burn, they know the fire is intentional. For someone 
who has COPD and has to constantly monitor air quality, 
if we miss the forecast and put smoke into their home, we’re 
on the hook for the mistake and we take that very seriously.” 

Although prescribed burning won’t eliminate wildfires, 
she added, land managers can increase the pace and scale of 
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The sun sets through smoke-filled skies at the Happy Camp Complex Fire in the Klamath National Forest in California.
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restoration, using it as a tool where it works. She does cau-
tion, however, that with a significant backlog of area that 
needs restoration treatments with prescribed fire, there will 
be more smoke from prescribed fire than in the past. 

The U.S. Forest Service also employs air quality experts. 
Janice Peterson is an air resource specialist stationed at the 
Pacific Wildland Fire Science Laboratory in Seattle. Her job 
focuses on helping decisionmakers understand the potential 
air quality impacts of various land management activities, 
including prescribed burning. Part of her job also includes 
helping inform communities during wildfire smoke events. 
Monitoring the smoke is important, as is messaging. 
Peterson sometimes acts as a go-between, helping people in 
the field understand how to use BlueSky, or helping develop 
communication products, such as getting smoke informa-
tion translated into Spanish for a local community. 

With prescribed burning, the focus is on keeping the 
smoke from reaching a community in the first place. “I 
think we have pretty good evidence that we can use pre-
scribed fire to help reduce damage from catastrophic wild-
fires and to help protect communities,” Peterson said. “For 
our prescribed fire program, it’s about controllability, and 
about having fire do in ecosystems what we want it to do 
and when, and not relying on Mother Nature to choose the 
timing and the placement. Generally, the goal of prescribed 
fire is that no one sees or smells smoke.” 

Larkin echoes the idea that a benefit of prescribed fire 
over wildfire is that you can plan for it, predict, and mini-
mize the smoke impacts. “Prescribed burns don’t necessarily 
cause significant smoke impacts,” Larkin said. “A prescribed 
burn can be designed in most cases to loft the vast major-
ity of the smoke up so that it can move downwind. You 
might get a low level of impact over a larger area,” he said. 
“The prescribed burn is more controllable in terms of when 
it’s going to happen and how we can plan to have the least 
impact on the community. Being able to warn communi-
ties, put signs up on the roads that warn people to drive 
slower because there might be smoke, all these things cause 
less collateral issues than with a wildfire.” 

When a wildfire sends high levels of smoke into a com-
munity, people can reduce their exposure by staying indoors 
or leaving town. Unfortunately, by that point there are usu-
ally significant disruptions to the community, such as eco-
nomic declines from reduced tourism as people avoid the 
impacted area.

Prescribed fire’s role
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Air resource advisors regularly disseminate information 
through state smoke blogs that describe smoke conditions 
from wildfires such as those in 2017. 

Communication is key. Researchers and Sisters Ranger District staff take 
a field trip near Sisters, Oregon amid smoke from a nearby wildfire.
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Risks other than smoke
Washington has 3.2 million acres in need of restora-

tion. In Oregon, 7.2 million acres are in need of restora-
tion. “When you talk about risks with prescribed burning, 
it’s not just air quality risk,” said Graw. “There’s also fire 
transmission risk—burning up property, homes, burning 
up private forest timber. Maybe someone was planning to 
sell that timber to pay for their kid’s college education. It’s 
a multiple-risk scenario.” 

Impediments to prescribed burning, such as managing 
multiple risks, are a particular interest of Morgan Varner. 
He studies fire ecology and management, including fuels, 
prescribed fire, and the effects of fire on various forest 
types at the PNW Research Station’s Pacific Wildland Fire 
Science Laboratory. “Broadly, I am a fire ecologist, but I 
was intellectually raised on prescribed fires,” he said. “I 
have seen my clients as fire managers and prescribed burn 
managers, and I have done some social research on pre-
scribed fire because I care about their needs.” 

In a study of the constraints on prescribed fire, Varner 
and his colleagues surveyed land management organiza-
tions in northern California. They found that prescribed 
burning annually covered only 38 percent of the area 

needed to fulfil land management objectives. Sixty-six per-
cent of managers reported dissatisfaction with levels of pre-
scribed fire activity. The survey also asked respondents to 
rate their major barriers to increasing their use of prescribed 
fire. What was holding them back?

“The answers differed by affiliation and also by how 
much they burned,” Varner said. The timber industry and 
large private landowners said the barrier was neighbor issues, 
such as wildland urban interface or risk of escape. For fed-
eral agencies, including the National Park Service, Fish and 
Wildlife Service, and Forest Service, the major impediment 
was operational. The burn window was so narrow that they 
couldn’t pounce. Second on the list for federal fire manag-
ers: air quality regulations. Social constraints, such as pub-
lic intolerance of smoke, were much lower on the list. 

Escaped burns receive a lot of media attention, but in real-
ity more than 99 percent of prescribed fires stay within their 
planned perimeters. A review of prescribed fire use in North 
America coauthored by Varner stated: “Managers often 
receive public praise for suppressing wildfires but receive lit-
tle recognition when conducting successful prescribed burns 
or allowing wildfires to burn for resource benefits.”

Prescribed fire’s role
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Sim Larkin conducted a study to model where very large future fires, similar to this, are likely, and what the potential smoke impact 
will be. This information can help managers focus restoration efforts in places likely to have the biggest positive impact.

U
.S

. A
ir 

Fo
rc

e,
 M

ik
e 

K
ap

la
n



Prescribed fire’s role

13
Science Update / Issue 24

Communities downwind
Social scientist Sarah McCaffrey, from the U.S. Forest 

Service’s Rocky Mountain Research Station, has built a 
career studying the social dynamics of fire management, 
including public trust in wildfire practitioners, public 
acceptance of fire management, and community prepared-
ness for wildfire. In her research across the fire-prone West, 
she found most people understand the ecology of fire and 
its beneficial role. Her work has revealed that smoke is not a 
concern for the majority of the public and there is a general 
recognition among people living in natural settings that 
they will have to tolerate some smoke.

“By and large, people get it,” McCaffrey said. “Studies 
show that the more people understand the ecological ben-
efits of prescribed burning, the fewer concerns they have 
about its use and that includes concerns about smoke. They 
tend to prefer smoke from a prescribed burn because ‘You 
guys can control the smoke.’ So there is a sense that the 
smoke is not going to be as bad for as long.”

In other words, understanding leads to acceptance. 
“Understanding the ecological benefits is particularly 
important” she added. “Most people care way more about 
the land around them being healthy than about reducing 
the fire risk.” 

For some people, however, the effects of smoke are 
impossible to shrug off. “A third of households have some-
one that has a health issue that’s going to be affected by 
smoke, like asthma or emphysema,” McCaffrey said. “For 
that group, the smoke will be highly salient. It’s not just an 
inconvenience; it can be life or death, depending on how 
sick you are. And, quite reasonably, that group is probably 
going to be fairly vocal about their concerns.” 

For communities downwind of wildfires, the Forest 
Service has created a new technical specialist position spe-
cifically to address smoke: the air resource advisor (ARA). 
The ARA position evolved out of collaboration between 
Larkin’s AirFire team and fire managers. Now coordi-
nated through the national level Wildland Air Quality 
Response Program, ARAs are available to serve on the inci-
dent command teams that coordinate firefighting activi-
ties. ARAs use BlueSky and other tools developed by the 
PNW Research Station to provide information on smoke 
dispersion and air quality effects. They collect and dissemi-
nate monitoring data, and work closely with state and local 
air quality and health agencies to communicate potential 
health and transportation safety impacts for firefighters 
and the public.

As certified ARAs, the Forest Service’s Graw and 
Peterson have been dispatched in that capacity on several 
wildfires. “ARAs are specially trained, they kind of com-
bine knowledge of fires and air quality regulations, air 
quality protection, and health standards,” Peterson said. 
“And they translate for the public affected by the fire and 
smoke what the health effects could potentially be, whether 
they need to take any actions to protect themselves, and 
what those actions might be.”

When smoke from the King Fire started encroaching on 
the Ironman triathlon course at Lake Tahoe, ARAs were 
part of the decision to cancel the event. “As an ARA, we 
don’t have the authority to cancel anything, but we work 

Prescribed fire like this can be planned to reduce smoke impacts.
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with the local department of emergency management and 
the race organizers or whoever needs to make that deci-
sion,” Peterson explained. “They might ask us, ‘What’s 
going to happen this weekend? We have triathletes coming 
from around the country. What can we expect?’ And we 
can help do the dispersion modeling and say this is what we 
predict and these are some of the implications of that pre-
diction, and now you guys make the call.”

ARAs are a resource for wildfire management and have 
not been widely used on prescribed fires. But they pro-
vide a good example of the ways research tools like smoke 
forecast models can help communities plan and protect 
themselves from smoke. They are also a model of good 
communication practices. 

McCaffrey has heard from communities in fire-prone 
areas how important communication is, whether the inci-
dent is a wildfire or prescribed fire. “Some of the advice 
we have heard from focus groups is, ‘Tell us who you are, 
what you are doing, and why you are doing it—and please 
make decisions based on science.’ I’ve been to communi-
ties where they have done a really good job of identifying 
the people in the community who have major health issues. 
They make an extra effort ahead of time, notifying them 
that we’re going to be doing a prescribed burn so people 
can make plans. If necessary, they can get out of town or 
they can cancel the family picnic. A lot of it comes down 
to consideration.”

Prescribed fire’s role
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The Pioneer Fire located in the Boise National Forest near Idaho City, ID, began on July 18, 2016 and consumed more than 
118,000 acres.
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A big-picture look at future smoke impacts
A few decades ago, decisions about prescribed fire did 

not include considerations of smoke and smoke manage-
ment in the context of human health effects or compliance 
with the Clean Air Act. Other changes include more peo-
ple living in fire-prone forested settings, and wildfires that 
grow beyond our capacity to manage easily. In the past 
5 years, almost every state in the Western U.S. has had a 
wildfire of record-breaking size. 

Land managers and policymakers are appealing for an 
increase in the pace and scale of fuel treatments, includ-
ing prescribed fire. In 2009, acknowledging that the cur-
rent “postage stamp” level of fuel treatment barely makes 
a dent in the West’s 277 million fire-prone acres of public 
lands, Congress passed the Collaborative Forest Landscape 
Restoration Program to encourage large-scale, long-term 
fuel reduction projects.

Thinning and prescribed burning alone will not be 
enough to keep pace with wildfire risk, given climate change 
and the scale of the forest density problem. Hessburg talks 
about this in his Era of Megafires presentation: “Managed 
wildfire is another important tool in the toolbox. When 
fuel and weather conditions permit, this practice allows us 
to ‘herd’ naturally ignited wildfires through the landscape 
to thin out trees and burn up deadwood. We can become 
smarter and influence our local environment. We need to 
put some of those ignitions we currently douse back to work.”

Larkin led a recent study to look at the potential for 
megafires and then further analyzed where the smoke from 
those fires might go. Unsurprisingly, the study found the 
areas that ranked highest for overall large wildfire risk 
are in the Western U.S., including the Rockies, Cascades, 
Sierra Nevada, and Great Basin regions.

“We ran models to see where the atmosphere is likely to 
take the smoke from those very large future fires, and what 
populations are underneath where that smoke is likely to 
go,” Larkin said. “This gave us an indication of the smoke 
impact potential.” Although overall megafire risk is high in 
many parts of the Western U.S., Larkin’s team found that 
the potential human-population exposure to smoke is heav-
ily concentrated in California, Minnesota, and along the 
eastern seaboard. 

Their modeling results assume no management action—
in other words, they show us the risk of megafire smoke 
potential if we do nothing to try to fix the problem. The 
point of identifying and ranking locations with the highest 
potential for large-scale smoke impacts in our future is that 

now we know where our management actions are likely to 
have the biggest positive impact.

Likewise, as Hessburg tours western towns, his intention 
is to inspire hope. “It’s actually not to scare people,” he said. 
“I am a father and I have raised my kids here. I worry about 
what I am leaving behind for my kids. This is a story about 
why megafires have come our way. But it is also a story of 
hope, that we can change the way fire comes to us.” It is a 
story that Sheila McCann, the triathlete who was unable to 
compete when Ironman Lake Tahoe was canceled due to 
smoke, can appreciate.

When McCann trained for a 2017 triathlon in Alaska, 
which will feature a cold swim in the waters of Resurrection 
Bay and a marathon course that climbs more than 6,000 
feet, she knew she needed healthy lungs and appreciated the 
cancellation of the 2014 triathlon. Although she was disap-
pointed that she couldn’t compete at Lake Tahoe, she says 
the cancelation was the right thing to do. 

“It was a bad situation and they did the best they could. 
It would have been ugly if they hadn’t canceled,” she said. 
“I don’t think you would have had that many people drop-
ping out of the race on their own. Ironman people are very 
competitive, and we all were focused and ready for that day. 
I probably would have still done it, even in the smoke. I 
mean, you are signing up for pain. What’s a little smoke on 
top of that?”

A Big Picture Look
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The Happy Camp Complex Fire in the Klamath National 
Forest in California.
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Smoke from fire can sharply reduce air qual-
ity by releasing particulate matter, one of 
the most dangerous types of air pollution for 
human health. A third of U.S. households have 
someone sensitive to smoke. Minimizing the 
amount and impact of smoke is a high pri-
ority for land managers and regulators. One 
tool for achieving that goal is prescribed fire. 
Prescribed fire can be controlled and planned 
carefully to minimize smoke impacts and 
warn communities in advance. It can also help 
reduce decades worth of vegetation buildup 
from past fire exclusion and help restore dry, 
fire-adapted forests. Forest Service research is 
helping decisionmakers plan for, predict, and 
control smoke from fires and communicate 
smoke impacts to the public. 

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, the USDA, its Agencies, offices, and 
employees, and institutions participating in or administering USDA programs are prohibited from discriminating based on race, color, national origin, religion, sex, 
gender identity (including gender expression), sexual orientation, disability, age, marital status, family/parental status, income derived from a public assistance 
program, political beliefs, or reprisal or retaliation for prior civil rights activity, in any program or activity conducted or funded by USDA (not all bases apply to all 
programs). Remedies and complaint filing deadlines vary by program or incident. 

Persons with disabilities who require alternative means of communication for program information (e.g., Braille, large print, audiotape, American Sign Language, 
etc.) should contact the responsible Agency or USDA’s TARGET Center at (202) 720-2600 (voice and TTY) or contact USDA through the Federal Relay Service at 
(800) 877-8339. Additionally, program information may be made available in languages other than English. 

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form, AD-3027, found online at http://www.ascr.usda.gov/
complaint_filing_cust.html and at any USDA office or write a letter addressed to USDA and provide in the letter all of the information requested in the form. To request 
a copy of the complaint form, call (866) 632-9992. Submit your completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of the Assistant 
Secretary for Civil Rights, 1400 Independence Avenue, SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email: program.intake@usda.gov. 

USDA is an equal opportunity provider, employer, and lender.

More information:
BlueSky Modeling Framework: https://www.fs.fed.us/pnw/airfire/
McCaffrey, S.M.; Olsen, C.S. 2012. Research perspectives on the 

public and fire management: a synthesis of current social science 
on eight essential questions. Gen. Tech. Rep. NRS-104. New-
town Square, PA: U.S. Department of Agriculture, Forest Service, 
Northern Research Station. 40 p.

Moritz, M.A.; Batlloria, E.; Bradstock, R.A.; Stringer, J.; Sitzlar, 
R.; Hessburg, P.F.; Leonard, J.; McCaffrey, S.; Odion, D.C.; 
Schoennagel, T.; Syphard, A.D. 2014. Learning to coexist with 
wildfire. Nature. 515(6):58-66.

Quinn-Davidson, L.N.; Varner, J.M. 2012. Impediments to 
prescribed fire across agency, landscape and manager: An example 
from northern California. International Journal of Wildland Fire 
21(3):210-218.

Contacts: 
Paul Hessburg, research landscape ecologist, U.S. Forest Service, 

Pacific Northwest Research Station, phessburg@fs.fed.us
Sim Larkin, climate scientist, U.S. Forest Service, Pacific Northwest 

Research Station, larkin@fs.fed.us
Morgan Varner, fire ecologist, U.S. Forest Service, Pacific Northwest 

Research Station, julianvarner@fs.fed.us

https://www.fs.fed.us/pnw/airfire/
mailto:phessburg@fs.fed.us
mailto:larkin@fs.fed.us
mailto:julianvarner@fs.fed.us

	Smoke in a New Era of Fire
	Big fires, unhealthy air
	Human health is paramount
	Where will the smoke go?

	Prescribed fire is different from wildfire
	Smoke modeling supportsprescribed burning near communities
	Prescribed fire’s role
	Not relying on Mother Nature
	Risks other than smoke
	Communities downwind

	A big-picture look at future smoke impacts



