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Wildfires have become an important source of particulate matter
(PM2.5 < 2.5-μm diameter), leading to unhealthy air quality index
occurrences in the western United States. Since people mainly shel-
ter indoors during wildfire smoke events, the infiltration of wildfire
PM2.5 into indoor environments is a key determinant of human ex-
posure and is potentially controllable with appropriate awareness,
infrastructure investment, and public education. Using time-resolved
observations outside and inside more than 1,400 buildings from the
crowdsourced PurpleAir sensor network in California, we found that
the geometric mean infiltration ratios (indoor PM2.5 of outdoor or-
igin/outdoor PM2.5) were reduced from 0.4 during non-fire days to
0.2 during wildfire days. Even with reduced infiltration, the mean
indoor concentration of PM2.5 nearly tripled during wildfire events,
with a lower infiltration in newer buildings and those utilizing air
conditioning or filtration.
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Fine particulate matter (PM2.5) air pollution is the single largest
environmental risk factor for human health and death in the

United States (1). Wildfires are a major source of PM2.5 and are
documented to cause adverse respiratory health effects and in-
creased mortality (2). Toxicological and epidemiological studies
suggest that PM2.5 from wildfires is more harmful to the respiratory
system than equal doses of non-wildfire PM2.5 (3, 4). The number
and magnitude of wildfires in the western United States has in-
creased in recent decades due to climate change and land man-
agement (5–7). Although the annual mean level of PM2.5 has
substantially declined over this period following the implementation
of extensive air quality policies to reduce emissions from control-
lable sources, the frequency and severity of smoke episodes with
PM2.5 exceedances has increased sharply due to wildfires in the
Pacific Northwest and California (8, 9). The annual mean PM2.5 in
Northern California has increased since 2015 (SI Appendix, Fig.
S1) due to massive seasonal fire events, and these events have
become the dominant cause of PM2.5 exceedances.
People in the United States spend 87% of their time indoors

(10). However, the protection against air pollutants of outdoor
origin provided by buildings is commonly overlooked in air quality,
epidemiologic, and risk assessment studies (11). To accurately
characterize and reduce population exposures to wildfire PM2.5, it
is necessary to understand how buildings are used by their occu-
pants to mitigate exposure. Previous estimations of indoor parti-
cles of outdoor origin typically relied on measurements from a
limited number of buildings and extrapolation of these measure-
ments to other buildings based on the empirical infiltration and
removal parameters (12, 13). However, such extrapolation is not
applicable to wildfire events because it does not take into account
the distribution of protection provided by buildings (including
natural and mechanical ventilation) due to lack of data measuring
infiltration under representative conditions. The infiltration of
outdoor particles is dependent on people’s behavior (11, 14, 15),
which changes during wildfires (and in 2020 during the COVID-19

pandemic). Pollution levels during wildfire events, and knowledge
of those pollution levels through available air quality data, directly
impact human responses aimed at controlling the infiltration of
outdoor PM2.5 including reducing ventilation, using air condition-
ing, and using active filtration. Statistically robust observations of
the variability of PM2.5 infiltration during actual wildfire events across
a broad cross-section of normally occupied residences provides the
opportunity to understand the distribution of real infiltration rates
affecting human exposure and the factors controlling them, po-
tentially informing guidance toward improvement.
Here, we exploit a recent trend in air quality sensing—public

data from a network of ubiquitous crowdsourced low-cost PM2.5
sensors—to characterize how indoor air quality during wildfire
episodes is affected by buildings and their occupants. We demon-
strate that buildings provide substantial protection against wildfire
PM2.5 and that behavioral responses of building occupants con-
tribute to effective mitigation of wildfire smoke exposure. Real-
time PM2.5 sensors based on aerosol light scattering have pro-
liferated as easy to use and low-cost consumer devices in recent years,
providing a novel opportunity to explore the indoor intrusion of
wildfire PM2.5. Among various networks of devices, the crowdsourced
PurpleAir network is the most extensive public-facing network
currently available. As of June 2, 2021, there are 15,885 publicly
accessible active PurpleAir sensors reporting data from across

Significance

Wildfires are an increasingly large source of particulate matter
(PM2.5) in the western United States. Previous characterizations
of exposure to wildfire smoke particles were based mainly on
outdoor concentrations of PM2.5. Since people mainly shelter
indoors during smoke events, the infiltration of wildfire PM2.5

into buildings determines exposure. We present analysis of in-
filtration of wildfire PM2.5 into more than 1,400 buildings in
California using more than 2.4 million sensor hours of data from
the PurpleAir sensor network. Our study reveals that infiltration
of PM2.5 during wildfire days was substantially reduced com-
pared with non-fire days, due to people’s behavioral changes.
These results improve understanding of exposure to wildfire
particles and facilitate informing the public about effective ways
to reduce their exposure.
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PurpleAir sensors adoption driven by wildfires?
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Deployed sensor count rapidly 
increases during wildfire events



Bay Area: the pointy end of the PA spear
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57% of all global public PurpleAirs are in California: 69% outdoor, 31% indoor



Study design

• Identify 1400 indoor, public PurpleAir sensors in SF & LA areas 

• Match each indoor sensor with closest outdoor PurpleAir sensor

• Develop / evaluate network calibration 

• Acquire building-level information from Zillow


• Apply mass-balance model to estimate “infiltrated” PM2.5:  
indoor particles of outdoor origin.


• Evaluate response of indoor PM2.5 to wildfire smoke
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How do indoor PM2.5 levels respond to wildfire smoke?



Behavioral adaptation
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Infiltration of outdoor particles is lower on fire days. 



Housing characteristics
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Newer homes and homes with A/C 
seem to have lower infiltration of 

wildfire smoke



Homes with PA sensors have higher average Zillow values
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Behavior of 
PurpleAir 
owners is 

unlikely to be 
representative 

of broader 
population. 



Indoor sensors: a tale of two cities
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Key conclusions
• Buildings can and do effectively protect people from smoke.


• PurpleAir owners appear to undertake behavioral changes to reduce 
smoke infiltration into their homes.


• It would be extremely useful to have a more representative sample 
of indoor air quality with LCS. 


• Opinion: the LCS community has insufficiently emphasized the 
opportunity to better understand indoor exposures. This is a real 
opportunity.
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