
Wayne Cascio, MD, FACC
Director, National Health and Environmental Effects Research Laboratory

Office of Research & Development, US EPA

Research Triangle Park, NC

CSTE Climate and Respiratory Health

Workgroup Webinar

Research Triangle Park, NC

December 4, 2018

Wildland Fire and Smoke:

EPA Supported Tools and Research

Finding Solutions to Protect Public Health



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

Photo: Bruce McCamish

Brianna Paciorka

Knoxville News Sentinel 2



Wildfire in the United States
Acreage Burned Annually

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

Present Concerns

• Increasing acreage burned

• Increasing WUI 1990-2010 
and vulnerability of the 
population

- 30.8 to 43.4 million homes 
(41% increase)

- 581,000 to 770,000 km2

(33% increase)

• Increased sensitivity of 
the population
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3,5188,142 acres
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McClure CD and Jaffe DA. PNAS 115 (31): 7901-7906, 2018

U.S. PM2.5 Air Quality Improves
Except in Wildfire-Prone Areas

Observed PM2.5 trends for 
1988–2016 in the U.S.

• Increased annual PM2.5

concentration in the 
Northwest attributed to
an increase in wildfire 
emissions
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Values in 
μg/m3/year shown 
by the color ramp



Annual average daily fire-PM2.5

footprint for US counties

Rappold AG, et al Environ Sci Technol 2017

How much does smoke contribute to air 
quality and how often does it lead to 
exceeding daily standard?

Air Quality Impacts of Wildland Fires
Annual versus Daily Effects

Health protective standards
Annual: 12 μg/m3 daily avg.
Daily: 35 μg/m3
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# of days with fire-
PM2.5 above 35 μg/m3

by county



Snapshot of Current Research Domains
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BIGGER FIRES = 

MORE SMOKE = 

MORE PEOPLE 
AFFECTED

• Examples from physical sciences 
− Fire science
− Smoke science 
− Smoke modeling

• Examples from social sciences
− Public health/environmental 

epidemiology
− Social acceptance of smoke and 

adaptive fire management
− Smoke Sense smart phone application:

◦ citizen science outreach & research 
initiative



Health Effects Associated with 

Smoke from Wildland Fires

Health effects known to be caused by wildland fire smoke
(Source: Studies reviewed in Liu et al 2015, and Reid et al. 2016)

• All-cause mortality
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• Eye irritation, sore throat, wheeze and cough

• Asthma & chronic obstructive pulmonary
disease (COPD) exacerbations 

• Bronchitis & pneumonia

• Childhood respiratory disease

• Cardiovascular outcomes • Adverse birth outcomes

Health effects suspected to be caused by wildland fire smoke



At-risk populations include –

• Aged adults

• Pregnant women and fetuses

• Children

• People with respiratory disease

• People with cardiovascular disease

Populations suspected to be at greater risk –
• Populations with chronic inflammatory diseases (e.g., diabetes, obesity)

• Women, African-Americans and populations with lower socio-economic 
status*

* Cocco Liu J et al. Am J Epidemiol 2017   

~30% of the 
U.S. 

population 
is at-risk

Who’s at Risk from Wildland Fire Smoke? 
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National map of community-health vulnerability index and air pollution
awareness to adverse health effects

Community Health-Vulnerability Index

Source: Rappold AG, et al. Environ Sci Technol 2017

Vulnerability Factors

• Peds & Adult Asthma

• COPD

• Obesity

• Diabetes

• Hypertension

• % population age 65+

• Income, education, 
poverty, unemployment
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Study Design

• Associated wildfire-PM2.5 exposure with 
emergency department visits for 
cardiovascular and respiratory diagnoses

Major Findings:

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

Measuring the Health Effect
California 2015 Wildfire Study

Smoky days/county during the study: May through 

September 2015

Source: Wettstein Z, Hoshiko S, Cascio WE, Rappold AG et al. JAHA 7(8). pii:e007492, 2018

California air basins included in the study are labeled 

and outlined in black
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Increase in risk the day after exposure:

• All cardiovascular, 12%

• Heart attack, 42%

• Heart failure, 16%

• Stroke, 22%

• All respiratory causes, 18%

• Abnormal heart rhythm, 24%
(on the same day as exposure)

Wildfire-PM2.5 Increases
Heart Attack & Stroke

All Cardiovascular Causes
Lag Day 1  
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• Observed PM from different wood 
burned and combustion phases had 
appreciable differences in lung 
toxicity and mutagenic potency

– On an equal mass basis, flaming 
samples had higher lung toxicity and 
mutagenic potency than smoldering 
samples.

– When emissions factors were taken 
into account, smoldering samples 
had a greater effect

Differential Toxicity of Various Fuel Types
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Tube Furnace in ORD Labs in
Research Triangle Park, NC



Warmer colors indicate the presence of aerosols

NASA’s Moderate Resolution Imaging Spectroradiometer (MODIS)
• Two satellites: Terra and Aqua

• Provide near-real-time observations with good spatial resolution and coverage

• Informs development of validated, global, interactive Earth system models, including air 
quality models used to evaluate wildland fires

CMAQ 12-km 
resolution modeled 
AOD and visible smoke 
(mostly from the Rim 
Fire, Sierra Nevada, 
CA)
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Air Quality Modeling Development
Using NASA Satellite Imaging to Evaluate Wildfires
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Air Resource Advisors
“Boots on the Ground” at an Incident

• Program of the USDA Forest Service

• Proactive direct response to the public health 
and safety threat of smoke

• Partners: US EPA, NPS, NOAA, other Federal, 
State, Tribal, and Local agencies

• Components: Air quality monitoring and 
modeling; coordination and communication; 
technical specialists (ARAs)

Air Resource Advisors – technical specialists who are “boots on the ground” at an incident



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

Smoke Ready Toolbox 

for Wildfires

• 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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• Current Smoke Map generated by 
NOAA Hazard Mapping System

• Current Advisories – State/Local/Tribal 
agency blogs

• Wildland Fire Air Quality Response 
Program

May 9, 2016

Fires: Current Conditions Page

Fires and Your Health
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CDC: Before, During and

After a Wildfire



2019 Wildfire Smoke
Guide for Public Health Officials
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• Multi-agency document

• Updated look

• Health effects section 

- Ozone

- Prolonged exposures

- Heat and smoke

- Smoke vs urban particles

• New additions

- Outdoor workers

- PM web course for health professionals

- Sensor use

- After the fire and ash clean-up



Wildfire Guide
Factsheets
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• Prepare for Fire Season

• Reduce Your Smoke Exposure

• Protect Your Lungs from Wildfire Smoke or Ash

• Protecting Children from Wildfire Smoke and Ash

• Indoor Air Filtration

• Protect Yourself from Ash

In development:

• Protect Your Pets 

• Protect Your Large Animals and Livestock

• After the Fire

• Spanish translations

https://airnow.gov/wildfire-smoke-guide-publications

https://airnow.gov/wildfire-smoke-guide-publications


Particulate Matter Web Course
For Healthcare Professionals and Educators

CME credit from CDC to physicians, nurses and health educators
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Wildfire Guide
Recommendations to Reduce Exposure
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• Go indoors and keep activity levels low

• Close doors and windows; open windows when air quality is better

• Don’t add to indoor particle levels

• Use high efficiency filters in central air system

• Use high efficiency portable air cleaner - HEPA indoor air filtration 
or electrostatic precipitator that does not generate ozone – that is 
appropriate for space it is intended to clean (Clean Air Delivery 
Rate)

• Create a clean room

• Evacuate to a cleaner air shelter or out of the area 



Observed Challenges
Reducing Smoke Exposures
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• High temperatures/no air conditioning

• Cold temperatures/home heating that generates indoor particles

• Lack of outdoor air quality information – current and forecast air 
quality

• Central air system not designed for use with high efficiency filters

• No access to high efficiency portable air cleaners

• Inability or reluctance to go to shelter or evacuate

• Longer duration smoke events

• After the fire - smoke and ash exposure



New Wildfire Guide
Recommendations for Longer Smoke Events
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• Amplify the daily messages: communicate the increased 
importance of reducing smoke exposures with longer events

• Create cleaner-air places where people can go during the day to 
reduce their smoke exposure

- Places that people would normally visit, especially at-risk populations

- Provide cooling in warm weather and heating in cold weather

- Identify before fire season

• Be aware of the potential for a prolonged smoke event to increase 
stress and impact mental health



Real-Time AQI
The Dial
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www.airnow.gov , 

8/27/18

• Mobile-friendly website

• Front page provides 
real-time and forecast 
AQI, map and box plot 
of hourly AQI values 

http://www.airnow.gov/
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Real-Time AQI

www.airnow.gov , 8/27/18

http://www.airnow.gov/


Forecast AQI
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www.airnow.gov , 8/27/18

http://www.airnow.gov/
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Interactive Map
Spatial Resolution

www.airnow.gov , 8/23/18

http://www.airnow.gov/


29www.airnow.gov , 

8/23/18

Interactive Map
Spatial Resolution

http://www.airnow.gov/


Interactive Map
Spatial and Temporal Resolution

30www.airnow.gov , 8/23/18

http://www.airnow.gov/


GOES-16 

Preliminary, Non-Operational 

Data from 2017

Current Fires
Smoke Plumes
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NOAA Hazard Mapping System
• 10 satellites send images every 15 

minutes

• NOAA analysts work 24/7 to 
update maps 

• Reflects smoke in entire column

• Different temporal and spatial 
scales than the ambient 
monitoring network, but the 
information can supplement the 
AQI and monitored data

• GOES-16 provides higher 
resolution images to detect smoke 
from most fires

• Satellite imagery may also
identify other potential
air quality concerns



Infographics

32https://airnowtest.epa.gov/sites/default/files/2018-06/reduce-health-risks-with-wildfire-smoke-508.pdf

https://www3.epa.gov/airnow/smoke_fires/the-right-respirator-and%20proper-fit-508.pdf

https://airnowtest.epa.gov/sites/default/files/2018-06/reduce-health-risks-with-wildfire-smoke-508.pdf
https://www3.epa.gov/airnow/smoke_fires/the-right-respirator-and proper-fit-508.pdf


• Smoke Sense promotes issue 
engagement and education that aims 
to: 

− Foster personal connection between 
changes in the environment and our 
health

− Raise personal awareness about the 
salience of changing behavior during 
smoke.

− Increase knowledge-base about health 
effects of smoke & risk communication

Smoke Sense Smart Phone App

33



Smoke Sense App

• Mobile application
−Available on iOS & Android

• Innovative methodology for 
collecting data that is otherwise not 
available

• Collects data about:
−Wildfire smoke exposure
−Concurrent health symptoms
−Perceptions on health risk 

communication

• Provides: 
−Air quality information
−Smoke data
−Details about current selected fires
−Accurate health risk communication
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Integration of Smoke & Forecasting Data
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• Over 20,000 users

• Nearly 200,000     
sessions!

2018 Smoke Sense Stats
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Additional 

Projects •Organizational Motivations for Engagement 
in Science Initiative

– Primary findings:

• Motivations are largely intertwined with 
community experience with smoke

• Respondents see citizen science as an 
opportunity to build awareness and 
engagement

•K-12 Curriculum Project

– Objective: provide standards-based 
instructional resources related to the Smoke 
Sense app that can be incorporated into the 
classroom
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Take Away Points

• Smoke Sense is a platform for cutting edge, 
solutions-driven research and has strong 
potential for sustained value to both science 
and improved public health and increased 
visibility of EPA in communities.

•We have a proven approach to engaging with 
users and stakeholders to build a strong and 
growing community of citizen scientists.
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Summary

Wildland fire 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 AQ 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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Thank you!

Smoke Sense Team:

smokesense@epa.gov
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Wayne Cascio, MD

cascio.wayne@epa.gov
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