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Wildfire in the U.S.
Acreage Burned in the U.S. Annually

Adapted from https://www.nifc.gov/fireInfo/nfn.htm

Present Concerns
• Increasing acreage burned

• Increasing impact on urban 
areas

- 10% of all land with housing 
are situated in the wildland-
urban interface

- Between 1990 and 2010 
housing in the WUI grew 41% 
and land by 33% (Radeloff et al. 
PNAS 2010)

• Increasing vulnerable and 
sensitive populations
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Annual Avg. burned 
1960-1999

3.5 million acres

Annual Avg. burned 
2010 -2019

6.28 million acres
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https://www.nifc.gov/fireInfo/nfn.htm


McClure CD and Jaffe DA. PNAS 115 (31): 7901-7906, 2018

Air Quality Improves in U.S. from 1988-2016
Except in Wildfire-Prone Areas

Increasing
annual 
ambient air 
particle 
pollution

Improving 
Air Quality

Worsening 
Air Quality
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Decreasing
annual 
ambient air 
particle 
pollution

Largely due 
to wildfire-
related PM



Wildland Fires & Their Emissions
Rural & Urban Community Public Health Concern

Brianna Paciorka, Knoxville 
News Sentinel
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Stephanie Rodriquez, Courtesy of CAUSE



Health Effects of Wildfire Smoke
Known, Suspected and Knowledge Gaps

Known
• All-cause mortality
• Respiratory morbidity

- Asthma & COPD exacerbations
- Bronchitis & pneumonia
- Childhood respiratory disease

Suspected
• Cardiovascular morbidity
• Adverse birth outcomes
• PTSD, anxiety and mood disorders
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Who’s at Risk from Wildland Fire Smoke? 

At-risk populations include –
• Aged adults
• Children
• People with respiratory disease
• People with cardiovascular disease
• Pregnant women and fetuses

Populations suspected to be at greater risk –
• Women, Non-White and populations with lower socio-economic status* 
• Populations with chronic inflammatory diseases (e.g., diabetes, obesity)

* Liu C et al. Am J Epidemiology 2017  
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~30% of the 
U.S. 

population 
is at-risk



Community Health-Vulnerability Index

EPA tool for public health officials to identify
populations at risk from wildland fire smoke exposure

• More smoke in the West, but population is less vulnerable than those in the south
• This tool considers factors that define susceptibility to air pollutant-related health effects 

Factors of Vulnerability
• Peds & Adult Asthma
• COPD
• Obesity
• Diabetes
• Hypertension
• % population age 65+
• Income, education, poverty, unemployment

Rappold AG, et al Environ Sci Technol 2017

https://www.epa.gov/sites/production/files/2017-09/documents/chvi_fact_sheet_final.pdf


• Wildfire-PM2.5 associated with heart 
attacks and strokes for all adults, 
particularly for those over 65 yr old

• Increase in risk the day after 
exposure:

- All respiratory causes, 18%
- All cardiovascular, 12%
- Heart attack, 42%
- Stroke, 22%
- Heart rhythm abnormalities, 24%

(on the same day as exposure)

Wildfire-PM2.5 May Increase
Heart Attack & Stroke

All Cardiovascular Causes Lag Day 1  

1.2

1.1

1.0

0.9

R
el

at
iv

e 
R

is
k

All Adults

Adults 45-64 
Adults 65+

Light Medium Heavy
Wettstein Z, Hoshiko S, Cascio WE, et al. JAHA April 11, 2018 8

- Heart failure, 16%



Toolbox
Resources health officials 
can use to educate the 
public about the risks of 
smoke exposure and 
actions people can take 
to protect their health
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https://www.epa.gov/smoke-ready-toolbox-wildfires

Smoke Ready Toolbox for Wildfires

AirNow.gov: Current Fire Conditions

How Smoke from Fires  an Affect Your 
Health

Wildfire Smoke: Guide for Public Health 
Officials, and Wildfire Smoke Exposure 
Infographics

CME Course: Wildfire Smoke and Your 
Patient

Smoke Sense App

CME Courses

Smoke Ready Toolbox for Wildfires

https://www.epa.gov/smoke-ready-toolbox-wildfires


AirNow Fires: Fire and Smoke Map
September 13, 2020
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Enhanced Ambient Air Quality (PM2.5) Data
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Purple Air Now Displayed on AirNow
Air Quality (PM2.5) Layers: Monitors and sensors reporting PM2.5 data

• Permanent Monitors: Federal, State, Tribal
• Temporary Monitors: Typically gov. agencies
• Low Cost Sensors: Currently from Purple Air

https://fire.airnow.gov/

Aspen

Boulder

Colorado

Denver

Gypsum
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https://fire.airnow.gov/


Wildfire Smoke:
A Guide for Public Health Officials

• Stand-alone fact sheets
- Prepare for Fire Season
- Protect Yourself from Ash
- Indoor Air Filtration
- Reduce Your Smoke Exposure
- Protect Your Lungs from

Wildfire Smoke or Ash
- Protecting Children from 

Wildfire Smoke and Ash
- Protect you Pets and Wildfire 

Smoke
- Protect Your Large Animals and 

Livestock from Wildfire Smoke

12https://airnow.gov/index.cfm?action=topics.smoke_wildfires_guide_factsheets

https://airnow.gov/index.cfm?action=topics.smoke_wildfires_guide_factsheets


Wildfire Smoke Guide
Post-Publication Updates
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https://www.airnow.gov/wildfire-
guide-post-publication-updates/

CDC has provided important new considerations for protecting health during wildfire 
attendant to the COVID-19 pandemic.



Challenges:
• Inconsistent public health 

messaging across cities and states
• Of value only if used correctly
• Not designed or recommended 

for children
• Increases work of breathing that 

might increase risk among those 
with cardiopulmonary 
impairment

Research Opportunity:
• ORD plans to investigate these 

issues

N-95 Respirator Use During Wildfire Events
Infographic Available for Download on AirNow
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Wildfire Smoke and PM Web CE Courses
For Healthcare Professionals and Educators

CME credit from CDC to physicians, nurses and health educators
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In September 2020
Over 40,000 visits 
were made to the CE 
courses for:
• PM
• Wildfire Smoke



Smoke Sense Citizen Science Research
Provides Information about Current and Future Air Quality

• Forecasted smoke plumes can be 
visualized

• Less time outside during smoke 
episodes to decrease exposure, & 
protect health

• Smoke Sense helps collect 
information about who, when, and 
how frequently people are impacted 
by smoke

• Information about smoke in the air 
and symptoms experienced in the 
past week will be logged
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EPA’s Wildland Fire Research Framework

Research focuses on:
• Exploring new ways to integrate social and 

natural science perspectives to reduce risks from 
wildland fires 

• Advancing measurement and predictive tools 
and models to estimate environmental impacts 

• Investigating opportunities to better understand, 
manage, and communicate public health risks

ORD researchers 
lift a balloon to 

evaluate air quality 
from a prescribed 

fire in Camp 
Lejeune, NC
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https://www.epa.gov/air-
research/wildland-fire-research-
framework-2019-2022

https://www.epa.gov/air-research/wildland-fire-research-framework-2019-2022
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Solutions-Driven Research Pilot:
Creating Cleaner Air Spaces

• Laboratory and field studies

• Partnering with:
− Missoula City-County Health Department, 

Climate Smart Missoula, University of 
Montana

− Hoopa Valley Tribe, California

Collocation of Purple Air 
sensors with reference 
monitors at the USFS 
Fire Science Lab

Focus: Measuring the effectiveness of air cleaning filtration systems in 
wildfire smoke conditions

• Stakeholders identified research priorities, including:
– How effective are portable air cleaners (PACs) or central air filtration systems 

during smoke events?
– Under what operating and maintenance conditions and in what building 

types?



Reducing Adverse Health Outcomes of Ambient
and Indoor Exposures to Wildfire Smoke

The Interventions and Communication Strategies to Reduce Health Risks of Wildland Fire Smoke Exposures
Open Date: October 9, 2020 Closed Date: December 15, 2020 

URL: https://www.epa.gov/research-grants/interventions-and-communication-strategies-reduce-health-risks-
wildland-fire-smoke

Background:  EPA is seeking applications proposing research that will address behavioral, technical and practical 
aspects of interventions and communication strategies to reduce exposures and/or health risks of wildland fire 
smoke.

EPA Science to Achieve Results (STAR) program Request for Application

https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flnks.gd%2Fl%2FeyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMDEwMDkuMjg0OTU2OTEiLCJ1cmwiOiJodHRwczovL3d3dy5lcGEuZ292L3Jlc2VhcmNoLWdyYW50cy9pbnRlcnZlbnRpb25zLWFuZC1jb21tdW5pY2F0aW9uLXN0cmF0ZWdpZXMtcmVkdWNlLWhlYWx0aC1yaXNrcy13aWxkbGFuZC1maXJlLXNtb2tlIn0.F5pdY5OpFKwAtnShfzCApXUsd5zl5by_TYSHq1lxjLQ%2Fs%2F704571132%2Fbr%2F86672643981-l&data=02%7C01%7CCascio.Wayne%40epa.gov%7C12e9aa15bbe849737c1508d86c5f9f1b%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637378505230415294&sdata=XNDL4sgh2uacs%2BitUx5W7Put4Ly%2F9lqJGTSS7Y3qD94%3D&reserved=0


Wayne E. Cascio, MD, FACC
Director, Center for Public Health and Environmental Assessment
US EPA, Office of Research and Development
Email: cascio.wayne@epa.gov

Thank You and For More Information
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2019 Wildfire Smoke: Guide for Public Health Officials is available at: 
https://www3.epa.gov/airnow/wildfire-smoke/wildfire-smoke-guide-revised-2019.pdf

Smoke Sense app is available at the Apple App Store and Google Play

mailto:cascio.wayne@epa.gov
https://www3.epa.gov/airnow/wildfire-smoke/wildfire-smoke-guide-revised-2019.pdf


Protecting Public Health
Research Questions Posed by State Health Officials

Environmental and Public Health Officials Want Evidence-Based Guidance:
• What’s the most effective way to communicate with the public about preparing for wildfire 

smoke?

• Why don’t people take steps to protect themselves? What are the barriers to changing their 
behavior?

• Are there cumulative effects of wildfire smoke exposure over weeks? months? years?

• What would a Clean Indoor Air Space certification look like? Would it change behavior?

• How effective are different air filtration methods during smoke events (HVAC filters, portable air 
cleaners)? 

• Do N-95 respirators actually help?
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WILDLAND FIRE 
LEADERSHIP 

COUNCIL 
Comparative 

Assessment of the 
Impacts of Controlled 
Versus Uncontrolled 
Fire (CAIF): A Case 

Study of the Western 
United States

ORD SOLUTIONS 
DRIVEN RESEARCH 

PROJECT
Wildfire ASPIRE Study 

Update

WILDLAND FIRE 
LEADERSHIP 

COUNCIL 
Wildland Fire Smoke 

Public Health 
Communication

ORD SOLUTIONS 
DRIVEN RESEARCH 

PROJECT
Wildfire – Indoor Air 

Challenge

NHLBI/NIEHS RFA - Notice Number: NOT-HL-20-788
“Notice of Special Interest (NOSI): Stimulating Intervention 

Research to Reduce Cardiopulmonary Impacts of 
Particulate Matter in Air Pollution among High-Risk 

Populations”

Out-of-hospital cardiac arrests and wildfire-related 
particulate matter during 2015-2017 California wildfires.
Jones CG, et al. JAHA. 2020

Cardiopulmonary effects of fine particulate matter 
exposure among older adults, during wildfire and non-
wildfire periods, in the United States 2008-2010.
DeFlorio-Barker S, et al. EHP. 2019

Cardiovascular and Cerebrovascular Emergency 
Department Visits Associated With Wildfire Smoke 
Exposure in California in 2015. Wettstein ZS, et al.  
JAHA. 2018

ORIGINAL ORD RESEARCH

Interventional 
CRT Study 
Evidence: 
Reduced 
Exposure 

benefits health 
in people at 

high risk

Equitable
Interventions 

to Improve 
Indoor Air 

Quality
BUILDINGS

And
HOMES

Defining Clinical Populations at Risk

Mortality in US hemodialysis patients following 
exposure to wildfire smoke. Xi Y, et al. J Am Soc 
Nephrol. 2020

WCFL Aims
Trade-offs 

between land 
management 

practices

Consistent 
Federal Public 

Health 
Communication 

Fewer Hospital 
Visits, 

Admissions, 
and Deaths

More Prescribed Fire
Fewer Wildfires
and Air Quality
Exceedances

More Effective
Public Health

Smoke 
Communication

Public and 
Personal 

Interventions

https://pubmed.ncbi.nlm.nih.gov/32290746/
https://pubmed.ncbi.nlm.nih.gov/30875246/
https://pubmed.ncbi.nlm.nih.gov/29643111/
https://pubmed.ncbi.nlm.nih.gov/32675302/
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