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g8 L1 SYMPCSIUM

Monday, April 20, 2020 (Mountain Daylight Time)
Tr g Workshops
8:30-12:30 Community Innovation: Learning from Leaders to Protect Health from Smoke
8:30-12:30 Smoke Modeling from Forest to Plume: Integrated Modeling Workshop for Smoke Management
8:30-12:30 Incorporating Smoke Impacts into Air Quality Forecasting
1:30-5:30 New Generation Satellite Products for Operational Fire and Smoke Applications
1:30-5:30 Wildfire Detection and Dispatch - Case Studies and Enabling Technologies
Tuesday, April 21, 2020 (Mountain Daylight Time)
8:00-9:00 Poster Session
Welcome and Introductions
9:00-9:15 Toddi Steeman, PhD, IAWF President, Stanback Dean, Nicholas School of the Environment, Duke University
Peter Lahm, Symposium Chair, Air Resource Specialist, USDA Forest Service
c-0 KEYNOTE PRESENTATION
9:15-9:45 Michael Kodas, Author, Photojournalist, Editor and Educator
KEYNOTE PANEL
Federal Leadership on Wildland Fire Smoke
Moderator: Peter Lahm, Air Resource Specialist, USDA Forest Service
9:45-10:45 Patrick Breysse, PhD, Director, National Center for Environmental Health, U.S. Centers for Disease Control and Prevention
Susan Combs, Assistant Secretary of Policy, Management and Budget, U.S. Department of the Interior
Anne Idsal, Principal Deputy Assistant Administrator, Office of Air and Radiation, U.S. Environmental Protection Agency
James Hubbard, Under Secretary, Natural Resources and the Environment, U.S. Department of Agriculture
10:45-11:15 Networking Break
Room One Room Two Room Three Room Four
Special Session: How Smoke Impacts on
Air Quality Affect Decisions on
Emissions Observations Smoke Management ('lu y .
Prescribed Fires in Forests: Current
Approaches and Research Needs
Moderator: Nancy French Moderator: Joseph Wilkins Moderator: Dar Mims ;
Moderator: Mike McGown
Moderator: Matthew Hurteau Moderator: Carol Baldwin Moderator: Mark Copple : W
. Smoke trackil ith S Map:
.. . 4 mf).e racking with Sensor ap. 17. Insights From Smoke 25. Prescribed Fires and Prescriptions for
1. Emissions from a Tropical Peatland | Combining regulatory and Purple Air .
e . e . . Management Collaboration in the | Health: Short-Term Exposures, Research
11:15-11:30 Wildfire Experiment: from Ignition to data to fill in gaps in the PM2.5 . N
Spread to Suppression (Yugi Hu) network Eastern Sierra Nevada Gaps and Community Engagement
P PP q . (Sean Mueller) (Gabriela Goldfarb, Carol Trenga)
(Graeme Carvlin)
10. Validating wildfire smoke
2. Impr({vernents to the Estimation transport within a COEJp|ed fire- 18. Pra'uc'titioner anoke Man'ajgement 26. AQ Management Tools to Support
of Emissions from Pre-harvest atmosphere model using a novel Ignition Techniques to Mitigate . )
11:30-11:45 X X o . o Prescribed Burning Increases
Sugarcane Burning high-density instrumentation Emissions
. (Gregory Vlasek)
(George Pouliot) network (Jen Croft)
(Derek Mallia)
4.The eff.ect of fire emission factor 11. An Open Source R package for 19. Ca.rr'1paign. support'forecasting ' - o
uncertainty on global chemistry . . facilitates information based 27. Rx Fire Decision Making in WA State
11:45-12:00 . 3 Purple Air Data Analysis .
simulations (Jonathan Callahan) deployment decisions (Carolyn Kelly)
(Rebecca Buchholz) (Pius Lee)
A t dict emissi
> Anewway to pre ‘I‘C CmISSIon 5 An overview of small fire sampling 20. Canadian Health Portfolio 28. The Colorado Approach to Smoke
factors — a compositional data . g e . .
12:00-12:15 approach during FIREX-AQ Wildfire Emergency Response Permitting for Prescribed Fire
. . Jim Crawford Vanessa Beaulac Boyd Lebeda
(David Weise) ( whord) ( ulac) (Boy )
6. Emission Factors of Gaseous and | 13. Building the Right Solution for . 29. Montana/ldaho Smoke: Coordinating
. R . L 21. Challenges of Smoke Forecasting .
Particulate Air Pollutants from the Real-Time Smoke Monitoring . . Interstate Smoke from Prescribed
12:15-12:30 . . . . on Mendocino Complex Fire X
Simulated African Biomass Burning Deployments (Bret Anderson) Burning
(Rudra Pokhrel) (Zoé Fyfe) (Seth Morphis)
. Wildland Fire Emissions Factors in . .
7 . 14. Characteristics and evolution of 22. Model Performance and Panel Di .
North America and the new Smoke . . . o . 30. Panel Discussion
12130-2:45 Emissions Reference Application particles and gases in a Canadian Sensitivity Analysis of 2016 Western
: i (SERA) boreal forest wild fire plume North Carolina Wildfire Events
(Susan O'Neill) (Katherine Hayden) (Sadia Afrin)




8. Performance assessment of Fire
Inventory from the National Center
for Atmospheric Research (FINNv2)

15. Fueled from below: Linking Fire,
Fuels and Weather to Atmospheric

12:45-1:00 OPEN
45 wildfire emissions estimates using Chemistry for FIREX-AQ
satellite aerosol observations (Amber Soja)
(Nathan Pavlovic)
1:00-2:00 Lunch Break
Room One Room Two Room Three Room Four
Health and Other Impacts Observations Smoke Modeling Climate Change
Moderator: Marlin Martine Moderator: Chuck Bushe
Moderator: Michele Steinberg . ) : . inez e
) Moderator: David Weise Moderator: Dar Mims Moderator: Paul Garbe
Moderator: Nathan Pavlovic B
Moderator: Cabe Speary Moderator: Yong Liu
IGNITE TALK . The role of the fire-at h
IGNITE TALK 0. Use of(;mateur radio durin K ceorlj) eli: inehilrs;mrzzp h IGNITE TALK
33. The JFSP Fire Science Exchange .4 . K g p. g . g . 54. Identification of Persistent Fire
2:00-2:15 wildfires to transmit data: A low-tech| concentration episodes in complex s .
Network . ) . Sources in High Northern Latitudes
(Stacey Frederick) solution to a high tech problem terrain (Justin Fain)
y (Vanessa Beaulac) (Adam Kochanski)
8. A Numerical Modeling Study of
34. Mapping Modeled Exposure of 41. Comparison of Ozone 4 Y I. . ng Study 55. Impact of Anthropogenic Climate
. > . Smoke Dispersion and the ) ) .
Wildland Fire Smoke for Human Measurement Methods in Biomass o . Change on the Diablo Winds Associated
2:15-2:30 o . 5 X Ventilation Index in Southwestern . I R ,
Health Studies in California Burning Plumes Colorado with Wildfires in California
(Nancy French) (Russell Long) (Michael Kiefer) (Yi-Chin Karry Liu)
50. Environment and Climate
L . 42. Connecting Crop Productivity, |Change Canada’s wildland fire smoke
35. Communication Interventions for ) . . R . o .
Public Health Protection from Residue Fires, and Air Quality over | modelling applications and forecast | 56. The impact of smoke exposure on
y . Rk Northern India: A Long-term services: informing the public, grape and wine composition and the
2:30-2:45 Wildland Fire Smoke: A Scoping . - s . .
Review Inference from NASA A-train delivering critical information for development of smoke taint
) Satellites decision making and supporting (Anita Oberholster)
(Ryan Michael) . . . I
(Hiren Jethva) international initiatives
(Didier Davignon)
6. Evaluating the Acute Health 1. Evaluation of biomass burnin
3 g . 43. Ecosystem impacts in the > g 57. Examing Recent Trends in Fires and
Impact of PM2.5 Exposure During smoke forecasts over the Western R N .
2:45-3:00 e e atmosphere: How much fuel goes up . y Air Quality using SNPP VIIRS Data
the October 2017 California Wildfires X R U.S. during the FIREX-AQ 2019 field
) in smoke? (Rainer Volkamer) : : (Shobha Kondragunta)
(Stephanie Cleland) campaign (Pablo Saide)
2. Ai lity and aerosol
37. Hazardous Air Pollutants (HAPs) | 44. PurpleAir PM2.5 U.S. Correction > . I,r quality and aer ,S 58. A Framework for Assessment and
R . predictions at NOAA/National e e .
in Fresh and Aged Western US and Performance During Smoke . ) Mitigation of Wildfire-induced Air
3:00-3:15 I Weather Service and their ; L .
Wildfire Smoke Events applications Pollution Considering Climate Change
(Katelyn O'Dell) (Karoline Johnson Barkjohn) PP 5 (Michele Barbato)
(Ivanka Stajner)
. 45. Smoke Observations by LIDAR
8. Integrating Data from Senso
3 . ntegrating Data r m n% s and Sun Photometer Mobile 53. Superfog-Related Traffic
with Regulatory Monitors during X . .
3:15-3:30 o Measurements during FIREX-AQ Accidents in Oregon OPEN
Wildfire Smoke Events L .
Campaign in summer 2019 (Rick Graw)
(Susan Stone) g
(loana Popovici)
6. Experiments to Me e
39. Improving Smoke Management 4 X,P rimen S . ‘asur
. Smoldering Behavior in Simulated
3:30-3:45 through Collaboration . OPEN OPEN
X Wildland Fuels
(Monica Long) s
(Jeanette Cobian-lfiguez)
3:45-4:00 Networking Break
KEYNOTE PANEL
COVID-19 and Wildfire Smoke
Moderator: Peter Lahm, Air Resource Specialist, USDA Forest Service
Sarah B. Henderson, PhD, Associate Professor (Partner), Senior Scientist, Environmental Health Services, BC Centre for Disease Control, Occupational and
4:00-5:00 Environmental Health (OEH), The University of British Columbia

Wayne E. Cascio, M.D., FACC, FAHA, Director, Center for Public Health and Environmental Assessment, Office of Research and Development, U.S.
Environmental Protection Agency
John Balmes, MD, Professor, University of California, San Francisco, School of Medicine
George L Geissler, State Forester, Deputy Supervisor of Wildland Fire and Forest Health/Resiliency, Washington Department of Natural Resources

5:00-6:00

Poster Session




Wednesday, April 22, 2020 (Mountain Daylight Time)

8:00-9:00 Poster Session
KEYNOTE PANEL SESSION
Building Coalitions and Enhancing Communication Among Stakeholder Communities Panel
Faciliator, Beverly Banister, Deputy Regional Administrator, EPA Region 4
9:00-10:00 Douglas Watson, Chief, Air Monitoring and Planning Section Meteorologist, KDHE-BOA
Darryl Jones, Forest Protection Chief for South Carolina Forestry Commission
Jennifer Montgomery, Director, Governor’s Forest Management Task Force
Marcy Ballman, Division Director, Health Promotions, American Lung Association
10:00-10:45 Networking Break
Room One Room Two Room Three
Special Session: Smoke
P N UC Davis Wildfire & Smoke
Management in the Southeast: .
erm q q Health Summit
Highlights of Highly Effective
. Sponsored by the UC
. . Collaboration between State .
Special Session: FASMEE . ) . Davis School of
Fire/Forestry, State Air Quality L
, Medicine and the UC
Agencies, and Non-Governmental ) )
. . Davis Office of
Organizations (NGOs) across the
Research
Southeast
Moderator: Rick Gillam
Moderator: Roger Ottmar
& Moderator: Jakob Lindaas Moderator: Angela Haczku
Moderator: Nancy French .
Moderator: Dar Mims
. . . - 10:45-11:25
69.P bed Fi d Al lit
61. Fire And Smoke Model tr?e Sroeustcf:aaest' ‘Erslf;erslre(zsijelsyc:: H1. The Many Health Effects of
Evaluation Experiment (FASMEE)-- . P Wildfires: The Need for Research-
10:45-11:00 . R Successful Collaboration for . L
Overview of the Project ) ) informed Policies and Preparedness
Prescribed Fire Smoke Management
(Roger Ottmar) (Rick Gillam) Plans
Kenneth W Kizer (Atlas Research)
62. The Fire And Smoke Model
Evaluation Experiment (FASMEE
V\\;esuterln r\:Vi[):jF:’irz and SE)uthwest) 70. Confronting the Issues Air Quality 11:25-11:45
A - and Wildland Smoke In South H2. Wildfires and Health: Assessing
11:00-11:15 Campaign: characterizing the source . . . .
for fuels, fuel consumption, and total Carolina the Toll in Northern California
’ ption, (Darryl Jones) Irva Hertz-Picciotto (UCD SOM)
smoke
(Roger Ottmar)
63. FASMEE Western Wildfire 71. Southeast Prescribed Fire and Air
151130 Campaign: Fuel consumption maps Quality Workgroup: Addressing
53 to reduce uncertainties in emissions | Tomorrow’s Challenges Today (Scott
(Andrew Hudak) Davis) 11:45-12:05
H3. Health Impacts of Wildfires and
64. Direct Measurement of Flame 72. Development and Airborne Particulates
Energy Release from Ground Based Implementation of a Smoke Kent Pinkerton (UCD SOM)
11:30-11:45 Sensors in FASMEE Manning Creek Management Program in North
Rx Burn Carolina
(Bret Butler) (Cabe Speary)
65. Wildland fire emissions and . .
. 73. Collaboration Between Agencies 12:05-12:25
atmospheric measurements from ) R L .
. for Protection of Air Quality in North | H4. A One Health Perspective on the
11:45-12:00 unmanned aircraft systems to ) . e
support FASMEE Carolina California Wildfires
u
(Kzam Watts) (Randy Strait) Tina Palmieri (UCD SOM)
74. Advances in the science of
66. Microbial Emissions affect prescribed fire and smoke 12:25-12:35
12:0042:1 Biodiversity and Ice Nucleation management: an NGO perspective Hs. Title TBD
’ > Potential in FASMEE Smoke Plumes on achieving successful smoke Edgar Olineka (Penryn Fire
(Leda Kobziar) management through coproduction Protection District)
(Kevin Hiers)
67. Remote Sensing for quantifying
121512230 wildland fire effects: A case study of 12:35-12:45
15123 the 2019 Williams Flats Fire H6. Effect of Wildfire Smoke
(Nancy French) 75. Panel Discussion Exposure on Pregnancy Qutcomes in
the Non-Human Primate
68. Modeling support for FASMEE Bryn Willson (OBGYN resident, UCD
12:30-12:45 western campaign SOM)

(Adam Kochanski)

12:45-1:30

Networking Break




Room One

Room Two

Room Three

Observations

Special Session: Emerging Plume
Rise Characterization Approaches

UC Davis Health Summit

Moderator: Chuck Bushey

Moderator: Joseph Wilkins
Moderator: Carol Baldwin

Moderator: Anthony Wexler
Moderator: Tina Palmieri

76. The Mother of all PyroCbs: How
did the Pacific Northwest PyroCb

84. Areview of approaches to
estimate wildfire plume injection
height within large-scale

1:30-2:10
H7. Smoke exposure on pregnant
women and children, impacts,

mitigation and messaging
Camille Raynes-Greenow (University
of Sydney, Australia)

2:10-2:30
H8. Gestational Wildfire Exposures in
the B-SAFE Pregnancy Wildfire Study

Rebecca Schmidt (UCD SOM)

2:30-2:50
H9. Health Outcomes of Early-Life
Wildfire Smoke Exposure: Lessons
Learned from a Nonhuman Primate
Cohort
Lisa A Miller (UCD SVM)

2:50-3:10
H1o. Wildfire Smoke and Innate
Immune Cell Activation
Angela Haczku (UCD SOM)

3:10-3:30
H11. Personalized monitoring
approaches during wildfires
Nick Kenyon (UCD SOM)

Room Three

Room Four

Special Session:
Keys to Successful Prescribed and
Managed Burns

Misc. and Health Impacts

Moderator: Gregory Vlasek
Moderator: Kelly Martin

Moderator: Paul Garbe
Moderator: Katelyn O'Dell

1:30-1:
30-1:45 Event in 2017 Stand Out? atmospheric chemical transport
(Michael Fromm) models
(Saulo Frietas)
. Usi | ts t
77-Using co urnn measurer.ner'l sto 85. Plume Rise Models: An
evaluate the impacts of wildfires: . .
. Evaluation of Implementation and
1:45-2:00 Emission fluxes and enhancement
ratios Performance
Shawn Urbanski
(Kyle Zarzana) (Shaw l)
8. Using lower cost sensors to
Y . I g . v Y 86. Parameterization of fire plume
establish citizen-based monitoring L
2:00-2:15 . R . rise in HRRR-Smoke
networks in smoke-impacted regions
(Ravan Ahmadov)
(Bonne Ford)
87. How Well Can We Estimate Fire
79. Western wildfire observation 7_ . . . .
S . Emissions Using Satellites? Assessing
during Fire Influence on Regional to | ~_. R
. ; . Five Bottom-up and Top-down Fire
2:15-2:30 Global Environments and Air Quality . .
Products during the 2018 Camp Fires
(FIREX-AQ) DA
in California
(Carsten Warneke) .
(Daniel Tong)
80. Wildfire aerosol and gas-phase
measurements from a NOAA Twin
. ) 88. CALIOP-based Biomass Burning
Otter during the 2019 Fire Influence A
2:30-2:45 . . Smoke Plume Height
on Regional to Global Environments (Amber Soja)
and Air Quality (FIREX-AQ) Study )
(Ann Middlebrook)
81. Ceilometers and other tools for 89. Quantifying the Impact of
2:45-3:00 determining vertical distributions of Intense Pyroconvection on
ek smoke Stratospheric Aerosol Loading
(Phil Swartzendruber) (David A. Peterson)
90. Improving Daily Surface
Particulate Matter Estimates duri
82. BBOP Shows Rapid Changes in artieuta . ater s 1m'a s during
- - Extreme Fire Events using a Novel
3:00-3:15 Aerosol Properties in the Near Field R >
NASA Satellite Plume Injection
(Arthur Sedlacek I11) R )
Height Algorithm
(Marcela Loria-Salazar)
1. Detecting Nighttime Fire
83. Use of Lightning Dataas a 9 y 'mg '5 eHme Fir
Combustion Efficiency and
Supplementary Tool for Smoke . ,
3:15-3:30 - Characterizing Plume Rise from
Monitoring Space
Chris Vagask:
( gasky) (Jun Wang)
Networking Break
KEYNOTE PANEL SESSION
Uncharted Fire & Smoke Extremes in Australia: Rapid Responses and What We Learned
Monica Long, Meteorologist, Bureau of Meteorology, Australia, Moderator
4:00 - 5:00 Martin Cope, PhD, Australian Commonwealth Science and Industrial Research Organisation (CSIRO), Principal
Research Scientist
Fay Johnston, PhD, Associate Professor, Public Health and Primary Care, University of Tasmania
Mike Fromm, Meteorologist, United States Naval Research Lab
Thursday - April 23, 2020 (Mountain Daylight Time)
Room One Room Two
Smoke Management Smoke Modeling
Moderator: Marlin Martinez
Moderator: Mark Copple Moderator: Margit Bucher
Moderator: Dar Mims
. 99. Impacts of sugarcane fires and
92. How are We Addressing and . . o
. i sugar mills on PM2.5 air quality in
9:00-9:15 Preparing for the Risks of Smoke?

(Peter Lahm)

South Florida
(Holly Nowell)

106. Introducing the California Joint
Prescribed Fire Monitoring Program
(Joe Restaino)

113. Suppression of Peat Fire by Rain
(Shaorun Lin)




93. Smoke Management: The Risk

100. PB-Piedmont a Decision Support
Tool for Wildland Smoke on

107. Modeled Effects of Fuel
Reduction on Rim Fire Daily Smoke

114. Can peat soil support a flaming

:15-9:30 Fact
91593 (Anna:Ic?t:bs) Roadways Emissions wildfire?
(Gary Curcio) (Leland Tarnay) (Shaorun Lin)
94. Incorporating the newest 101. Recent Enhancements to Smoke 108. Historical requests and
satellite fire detection information Dispersion Models to Facilitate occurrence of weather conditions for| 115. Wildfire Smoke Readiness in Canada
9:30-9:45 into smoke modeling for public Meteorological/Fire Behavior/Air prescribed fires in Chelan County, [using the Air Quality Health Index (AQHI)
health research Quality Model Integration Washington State, USA (Céline Audette)
(Sean Raffuse) (Bret Anderson) (Colton Miller)
116. Evaluating the impl tati f
. A 102. Emissions, Transport, and 109. A New Reporting System for valuating the lmp.emen ation otan
95. The US Forest Service Scientific . e . - emergency regulation to protect
. . Chemistry of Smoke from Western Wildfire and Prescribed Fire Air o
9:45-10:00 Assessment for Wildland Fire Smoke i o California’s outdoor workers from
U.S. Wildfires Monitoring e
(Sarah McCaffrey) X wildfire smoke exposure
(Megan Bela) (Antonio Morales)
(Kathryn Conlon)
6. Evaluating the Performance of 110. Apportioning Smoke Impacts of
96. v R uating . 103. Impact of horizontal resolution PP . l . "8 p- 117. Case Controlled Comparison of
Multi-Pollutant Sensor Pods in e . 2018 Wildfires on Eastern Sierra e o .
10:00-10:15 . . on wild fire smoke plume rise . Wildfire and Non-Wildfire Burn Injuries
Biomass Combustion Smoke (Jeffery McQueen) Nevada Sites (Tina Palmieri)
(Matthew Landis) Y (Sean Mueller)
104. Investigation of fire smoke
97. Using climate models to schedule 4. Investigation of fire smoke ) ) 118. Investigating Protective Health
. y plume injection height sensitivities | 111. Smoke impacts from Prescribed . o .
future prescribed fires: A case study . . ) . R Decision-Making in Response to Wildfire
10:15-10:30 . during the 2017 Northern California Burns in NSW Australia R ! X
from Central Washington, USA e . Smoke in California
(Harry Podschwit) wildfires (Owen Price) (Francisca Santana)
Y (Joseph Wilkins)
105. Evaluation of smoke modelin,
5. Evaluation . s X ,[ g 119. Smoke Exposure of an Operational
tools used for estimating prescribed . . ) )
10:30-10:45 OPEN L L 112. Discussion Prescribed Burning Program
burning air quality impacts ) )
(Sadia Afrin)
(Megan Johnson)
KEYNOTE PANEL
Wildfire Smoke and Health Effects
Moderator, Jason Vargo, Lead Scientist - Climate Change and Health Equity, California Department of Public Health
1:00-12:00 Moderator, Mary Clare Hano, Applied Social Scientist, U.S. Environmental Protection Agency, Office of Research and Development
i Kat Navarro, Research Industrial Hygienist, National Institute for Occupational Safety and Health
Sheryl Magzamen, Assistant Professor, Epidemiology, Department of Environmental and Radiological Health Sciences, Colorado State University
Ana Rappold, PhD, Statistician, Environmental Public Health Division of the National Health and Environmental Effects Research Lab, Environmental
Protection Agency
12:00-12:45
Room One Room Two Room Three Room Four
Observations Climate Change & Health Impacts Emissions Smoke Modeling
128. A ting fi i ildfi
121. Nitrogen in wildfire smoke: how ccounting for prior wiidtires . ) 140. A comparative study of fire
R decreases area burned and emissions 134. Emissions from Fires at the . R
much is there and what happens to X X . K . emissions and smoke transport in two
12:45-1:00 X under projected climate in the Sierra Wildland Urban Interface . g . .
it? major wildfire regions of China
(Jakob Lindaas) Nevada (Amara Holder) (Yonggiang Liu)
(Matthew Hurteau) gqiang
122. Smoke Particle Size Distributions | 129. Future fire and smoke trends in . ) . 141. Comparing Smoke Impacts from
. . . . 135. Spatially refined biomass . . X
and Their Downwind Evolution the western United States under . S . " Future Wildland Fires under Alternative
1:00-1:15 ) ; . burning emissions inventory in Chile .
Observed During FIREX-AQ changing climate (Patricia Oliva) Forest Management Regimes
(Richard Moore) (Yonggiang Liu) (Jonathan Long)
IGNITE TALK
123. Field data? FIELD DATA! - 130. Informing the use of N 142. Wildfire and Prescribed Fire
3 . ! ata 3 | nforming us 95_ 136. Effect of Moisture Content and . 4 fidtire and Fr scr{ r
Learning more about smoke from respirators by the general public . Guidance under the Exceptional Events
1:15-1:30 X . . I Fuel Type on Emissions
small fires during the NOAA/NASA during wildfires (Priya Garg) Program
FIREX-AQ campaign (Kaitlyn Kelly) yatarg (Denise Scott)
(Jessica McCarty)
143. C t ti | ducts f
124. Environmental Controls on the . _— . . 43 Current operational products for
X . . 131. Increasing Wildfire Smoke 137. Global Biomass Burning smoke management, Part 1: Desert
Physical and Optical Properties of ) ) . o K
. ; Readiness in the Washington State | Emissions Product from MODIS and | Research Institute Part 2: Interagency
1:30-1:45 Biomass Burning Aerosols Measured . . . . . . . .
during FIREX-AQ Public Health System VIIRS Active Fire Detections Wildland Fire Air Quality Response
(Elizabith Wiggins) (Kaitlyn Kelly) (Xiaoyang Zhang) Program
&8 (Tim Brown and Narasimhan Larkin)
125. In-Situ T Gas Rati
Measusre;DLljrk}ln ri;: 2215 Fal ;;_SX AQ 132. Health Impact Analysis of 144. Rapid Update Automated Smoke
1:45-2:00 g 9 Wildfire Smoke in Canada OPEN Forecasting

Airborne Field Campaign
(Hannah Halliday)

(Carlyn Matz)

(Martin Cope)




2:00-2:15

126. Combining global observations
and models to monitor wildfires,
smoke and their impact on air quality
(Mark Parrington)

133. Knowing Your Audience: A
Typology of Smoke Sense
Participants to Inform Wildland Fire
Smoke Health Risk Communication
(Mary Clare Hano)

OPEN

OPEN

2:30-2:45

Closing Session

Poster Presentations

P1. NWCG Smoke Committee (SmoC)
(David Mueller)

P2. CALIOP View of Smoke in the
Northern Hemisphere
(Jason Tackett)

P3. Wildfire Smoke Exposure

Activates Innate Immune Cells in the
Circulation: 2018 California Wildfires

(Melissa Teuber)

P4. Improved Fire Activity Time Series by
Modeling Fire Energy Distributions
(Edward J. Hyer)

Ps5. Characterization of Carbon
Dioxide, Methane, and Black Carbon
Emissions from Two California
Wildfires in 2019
(Shang Liu)

P6. Effect of plant species on
composition of pyrolysis products
(David Weise)

P7. Southern Fire Exchange: Uniting
Fire Science and Natural Resource

Management
(Laurel Kays)

P8. Constraining wildfire emission
inventories using airborne flux
measurements
(Johana Romero)

P9. Evaluation of Volatile Organic
Compounds in Wildfires Using an
Unmanned Aerial Vehicle Equipped
with a Micro-gas-preconcentrator
Sampler
(Leslie Simms)

P10. Communicating Smoke Plume
Forecasts for Prescribed Burns via
Augmented Reality
(Martin Cope)

P11. The Effect of Prescribed Burn
Smoke on Emergency Department

Visits and Hospitalizations in
California
(Anna Boser)

P12. Smoke Management Information
Resources on the FRAMES Emissions and
Smoke Portal
(Josh Hyde)

P13. The Interagency Fuels

Treatment Decision Support System
(IFTDSS)

(Josh Hyde)

P14. Public Health Applications of
Historical Smoke Forecasts: An
Evaluation of Archived BlueSky data
for the Coterminous United States,
2015
(Ryan Michael)

P15. Design of a Wildland Fire Smoke

Exposure System to Assess

Cardiopulmonary Dysfunctionin a

Murine Model
(Matthew Eden)

P16. CALIOP-based Biomass Burning
Smoke Plume Detrainment Height
(Emily Gargulinski)

P17. Long-term adverse effects on
lung function in community
members following an exposure to
significant levels of smoke from
wildfires
(Christopher Migliaccio)

P18. Reducing the Impacts of
Wildland Fire: Public Health
Partnership with Local Forestry
(Lauren Thie)

P19. The Effect of Fuel Characteristics

and Fire Dynamics on Emissions,

Dispersion, and Air Quality Impacts

(Brian Gullett)

P20. Wildland Fire Smoke Exposure and
Systemic Health Effects of Wildland
Firefighters in the Midwestern United
States
(Wu Chieh-Ming)

P21. New NWCG Smoke Committee

Safety Guide
(Peter Lahm)

Product: The Smoke, Roadways and

P22. Methods for Prescribed Fire

Smoke Management in the Southern
u.s.

(Jennifer Fawcett)

P23. Using a Particle Sensor Network
to Characterize Indoor and Outdoor

Air Quality During Fire Season in
Missoula, Montana
(Heidi Vreeland)

P24. Estimation of Forest Fire Emissions
in Southwest China from 2013 to 2017
(Qixing Zhang)

P25. Visualization and Modeling

Applications
(Susan O'Neill)

Tools for Wildland Fire and Smoke:
Remotely-sensed Data and Hands-On

P26. Suppression of Peat Fire by Rain
(Shaorun Lin)

P27. Can peat soil support a flaming

wildfire?
(Shaorun Lin)

P.28 Laboratory Analysis of Gas
Emissions from Southeastern Forest
Fuels
(Andrew Johnson)

P29. Health Impact Analysis of
Wildfire Smoke in Canada
(Carlyn Matz)

P 30. Effects Of Using an

Assumption of Persistence for Fire

Growth to Model Smoke Impacts
(Marlin Martinez)

P31. Wildfire risk communication and
management at U.S. diplomatic

posts overseas
(Molini Patel)




THE 3RD INTERNATIONAL

SESSION ABSTRACTS

1. Emissions from a Tropical Peatland Wildfire Experiment: from Ignition to Spread to
Suppression

Presenter: Yuqi Hu, Research Associate, Imperial College London, y.huts@imperial.ac.uk

Additional Author(s):

Thomas E L Smith, Assistant Professor, London School of Economics and Political Science,
t.e.l.smith@lse.ac.uk

MuhammadAgung Santoso, PhD Student, Imperial College London, m.santoso16@imperial.ac.uk
Hafiz Muhammad Fahid Amin, Research Associate, Imperial College London,
hafiz.amin@imperial.ac.uk

Eirik Christensen, PhDStudent, Imperial College London, e.christensen16 @imperial.ac.uk
Wuquan Cui, PhD Student, Imperial College London, w.cuit7@imperial.ac.uk
DwiMarhaendro Jati Purnomo, PhD Student, Imperial College London,
dwi.purnomo16@imperial.ac.uk

Pither Palamba,

Yulianto Sulistyo Nugroho

Guillermo Rein

Abstract: Smoke from peatland wildfires contributes significantly to global carbon emissionsand
causes transboundary haze episodes. Haze are large scale accumulation of smoke at low altitudes,
especially frequentin Southeast Asia. Understanding emissionsfrom peatland fires plays a vital role
in calculating carbon budges, haze effects and climate change. However, only a handful of field
studies or laboratory experiments on peat fire smoke have been conducted to date. Furthermore,
thereis substantialinter-study variabilities of emissionfactors (EFs) in those studies,and the
explanation of this variability remainsa challenge. In the summerof 2018 in Riau, Indonesia, we
carried out the first field experiment of peatland fire (GAMBUT), aiming to understand how fires
ignite, spread, and emit on degradedtropical peatland subjectedto long-terms of drainage, logging,
and agricultural conversion. This work presents the field measurements of gas emissions fromthe
fire experiment. An open-path Fourier transforminfrared spectroscopy was used toretrieve mole
fractions of 13 gas species. EFs from 40 smoke plumes measured during different fire stages (e.g.,
slash and burnignition, smouldering spread or suppression) and weather events (e.g., windor
rainfall) were calculated and reported. We present field evidence to indicate that EFs vary
significantly among fire stages and weather events. Physicochemical properties of the peatland
(moisture content, inorganic content and bulk density) were foundto affect the EFs as well. This
GAMBUT experiment advances the understanding of peat fire to enable new technologies for



prevention, detection, protectionand suppression,and to ultimatelyreduce theregionalburden of
peatland wildfires.

Keywords: emissions; peat fire; field experiment
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2. Improvements to the Estimation of Emissions from Pre-harvest Sugarcane Burning
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Additional Author(s):
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Abstract: Emissions from wildfires, prescribed fires, grassland fires, and crop residue burning is an
important contributor to the degradation of air quality because of theirimpact on ozone and
particulate matterlevels. Emission estimates from thesefires are often based entirely onremote
sensing. However, remote sensing techniques do not always produce reliable estimates of area
burned and cannot detect allfires. The pre-harvest burning of sugarcane provides a unique
opportunity to link the temporal and spatialinformation of fire detections with harvested area as
compiled by the United States Department of Agriculture (USDA). Using the known area harvested
,and time and location of fire detects over sugarcane fields, we have developed several
improvements to the emission estimates of pre-harvest burning of sugarcanein Florida, Texas, and
Louisiana. Additionalresearch has highlightedthreeimportant parameters thatimpactthese
emission estimates and their temporal allocations; yet these three parameters are notaccounted for
or are outdated in the mostrecent 2017 National Emissions Inventory (NEI). Thefirstimportant
parameteris the fraction of sugarcane thatis harvested mechanically without burning, sometimes
referred to as “green” harvested. The second parameteris the emission factor associated with the
burning of the sugarcane leaves; new updatedinformation has appearedin the peer-reviewed
literature. A third parameteris the burn rate of a sugarcane field thatis not well characterized in the
emission modeling system. Our work provides updated methodsfor estimating sugarcane emissions
in an air quality modeling system. Estimates from 2003-2017 will be provided at the daily temporal
scale for Florida, Texas, and Louisiana. We will also compare our updated results with the existing
estimates in the NEl and modeling platforms for 2014-2016.

Keywords: National Emissions Inventory, Crop Residue Burning, Sugarcane, Emission Modeling
Platform
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Abstract: Fire emissions represent animportant component of globalmodels that help understand
theinfluence of transport and chemistry on atmospheric composition. Several areas of uncertainty
impact the creation of fire emission inventories, such as vegetationtype, fire detection, fuel loading,
fraction burned and emissions factors. Our study quantifies the contribution of emissionfactor
uncertainty on the variability of subsequent simulations of atmospheric composition performed
using fire emissions. We focus on carbon monoxide (CO),an important trace gas emitted from fires
and produced from secondary oxidation of fire-emitted volatile organic compounds (VOCs). CO from
the CMIP6, QFED2.5,GFAS1.2 and FINNV1.5 inventories are compared after being implemented in the
Community Atmosphere Model with chemistry (CAM-chem). Multiple sensitivity tests are performed
based on CO and VOC emission factor uncertainties. Simulations are completed for2014, ayear
chosen fortherelatively quiet ENSO activity. We compare model outputin the 14 GFED basis regions.
For someregions, emission factor uncertainty spanstheresults foundwith differentinventories.
Modeled CO is evaluated against observations fromthe Measurements of Pollutionin the
Troposphere satellite-based instrument. Finally, we briefly probe theimpact on the oxidative
environment through investigating modeled ozone. Overall, accounting for emission factor
uncertainty when modeling atmospheric chemistry can lend arange of uncertainty to simulated
results.

Keywords: CO, fire emissions, uncertainty, CESM2, chemistry modeling, globalmodel
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5. A new way to predict emission factors —a compositional data approach
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Abstract: By conservation of mass, the mass of wildlandfuel thatis pyrolyzed and combustedequals
themass of smoke emissions, residual char and ash. Foragiven set of conditions, theseamounts are
fixed. This places a constraint on smoke emissionsdata which violates statistical assumptionsfor
many of themethods currently usedto analyze these data such as linear regression, analysis of
variance, and t-tests. These data are multivariate and representinherently interrelated non-negative
parts of a whole. As an alternative to the widely used modified combustion efficiency, this poster will
introduce amodelbased on log ratios to predict smoke emissions which accounts for these
particularities and prevents potentially misleading results by drawing on well-founded statistical
theory for compositional data analysis. The approach was appliedto a data set of 18 gases measured
in the smoke from laboratoryburns of fuel beds representing commonwildlandfuel typesin the
southeastern and southwestern United States. Predictions comparable to the original linear
regressions resulted from the compositional data approach.
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6. Emission Factors of Gaseous and Particulate Air Pollutants from the Simulated African
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Abstract: Emissions from open biomass buming andresidential cookstoves are the major sources of
particulate and gaseous air pollutants. Indoor and outdoor air pollutants are responsible for multiple



health impacts leading to 4-6 million premature deaths globally, with more than 9o0% of the
population residingin low-and middle-income countries. The largest global sources of black carbon
are open burning of forestand savannas and is believed to be one of the key components of air
pollutants. Emissions from Africaare the major sources of global carbon emissions however they are
poorly quantified due to limited or no laboratory studies. In this study, we present data from
laboratory measurement of biomass burning emissions from Africanfuels. Emission factors of
different gaseous and particulate air pollutants emitted fromthe burning of biomass fuels that were
collected from east and south Africa willbe presented. In addition, the dependence of emission
factors on burning conditions of the fuel will be explored. Emission factors from Africanfuels willbe
compared with North American fuels previously studied. Furthermore, the relative importance of
fueltypes and burning conditions on emissions of different gaseous and particulate pollutants will be
explored.
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Presenter Bio: Rudra P. Pokhrelis an atmospheric physicist/chemist working on aerosol optical,
physicaland chemical properties. He received his Ph.D. in Atmospheric Sciencein 2017 from the
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7. Wildland Fire Emissions Factors in North Americaand the new Smoke Emissions
Reference Application (SERA)
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Abstract: Field and laboratory emissionsfactors (EFs) of wildland fire emissions for 276 trace gases
and aerosols sampled across Canadaand the USA were compiled. An online database, the Smoke
Emissions Repository Application (SERA), was created to enable analysis and summaries of existing
EFs to be used in smoke managementand emissionsinventories. This emission factor analysis is
based on a synthesis of emissionfactors from hundreds of publications funded by the Departmentof
Defense Strategic Environmental Researchand Development Program (SERDP) and augmented with
numerous studies and publications since 2011. It represents the most comprehensive analysis of EFs
for North America to date. We evaluate how EFs of select pollutants (CO, CO2,CH4, NOX, total
particulate matter (PM), PM2.5 and SO2) are influenced by combustion phase, burntype and fuel
type. Of the 12,533 recordsin the database, over a third arerepresented by 23 air pollutants, most
designated as Environmental Protection Authority criteria air pollutants, greenhouse gases,
hazardous air pollutants or knownair toxins. Amongall pollutants in the database, including the
most common pollutants PM, CO,CO2 and CH4, records are unevenly distributed with a bias towards
flaming combustion, prescribed burning and laboratory measurements. Across all EFs, records are
most common for south-eastern and western conifer forests and westernshrublandtypes. Based on



identified data gaps, we offerrecommendations for future studies, including targeting
underrepresented air pollutants, smoldering combustion phases and improvedsource
characterization of wildland fire emissions. We also demonstrate SERA; howto execute searches by
vegetation, region,combustionphase etc., and howto downloadthe underlying data.
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Abstract: Wildland fires and open burning can be substantial sources of ozone precursors and
particulate matter. Air quality can be affected by fire events that occur locally, regionally, oracross
the United States or even beyond itsinternational borders. The Fire INventory fromthe National
Center for Atmospheric Research (FINN) model estimates daily global emissions of trace gases and
particles from open biomass burning. FINN was enhanced using new findingsand data products
from ongoing laboratory studies, surface and airborne field measurement campaigns, andsatellite-
based sensors to produce a fully operational, next-generationglobal FINN application (FINNv2).Fire
emissions estimates for 2012-2017—atime period thatincludes recent years relevant to air quality
modeling and planning activities in the United States—have been developed using FINNv2.In this
presentation, we discuss preliminaryresults from a performance assessmentof FINNv2 using aerosol
optical depth retrievals from the Multi-Angle Implementation of Atmospheric Correction (MAIAC)
applied to Moderate Resolution Imaging Spectroradiometer (MODIS) imagery. Ourassessment
focuses on fire events that (1) originate from within Mexico, Central America, or the Caribbean, and
(2)influenceair quality in the southern United States. With FINNv2 emissions inputs, we use HYSPLIT
dispersion modelingand Comprehensive Air Quality Model with Extensions (CAMx)photochemical
model outputto compare aerosol optical depth with smoke observationsin 2012-2017. We assess
agreementbetween model output and satellite observations of AOD using a variety of accuracy
metrics to understandthe performance characteristics of the FINNv2 emissionsestimates.

Keywords: emissions, wildfire smoke, verification, HYSPLIT,remote sensing
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9. Smoke tracking with SensorMap: Combining regulatory and Purple Air data to fill in gaps
in the PM2.5 network
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Additional Author(s):
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Abstract: For at least the last decade, wildland fire in Washington State has been increasing in
frequency andin totalacres burned. The Puget Sound Clean Air Agency provides air quality
forecasting and managementfor afour-county regionin southernand eastern Puget Sound,
including the City of Seattle. The Agency haslongrelied onits network of regulatory-grade
particulate matter monitors to track wildfire smoke, however, most of these are concentrated in
areas of the greatest population density, andthere are somelarge gaps that do not have amonitor
nearby. Toimprove data coveragein ourregion andto enable better-informed air quality forecasts,
we developed SensorMap, an onlineinterface that combinesdata from low-cost PurpleAir monitors
with data from theregulatory monitors.

Each PurpleAirsensoris calibrated to the nearest regulatory monitor, to ensure that alldata on the
map are directly comparable. The PurpleAir data are also put throughan automatic quality control
check that detects periods of sensor malfunctionand removes those data. Theresultis greatly
improved spatial coveragein our PM2.5monitoring networkand a monitoring network that grows
automatically every time a new PurpleAiris connected to theinternet.

Although the combined dataset cannot be used forregulatory purposes, it provides air quality
forecasters with amuch clearer picture of how smoke moves throughourjurisdictionand,in many
cases, provides residents with a near real-time measurement of local conditions. We will share our
map, present our calibration and quality controlmethods, and provide case studies of how the
combined network of sensors can improve smoke forecasting.

Keywords: Real-time monitoring; air quality forecasting; PurpleAir; low-cost sensor
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Abstract: Wildfire smoke poses a significant hazard to communities and fire managers, as it can
reduce visibility while also degrading air quality across areas downwind of the fire. Although many
smoke modeling tools exist, accurately representating smoke productionand dispersion is difficult,
especially in regions with complex terrain. One of the fundamental problems associated smoke
modeling is the availability of the observational data needed for model validation. The limited density
of traditional air quality monitoring networks makesvalidating wildfire smoke transport challenging,
particularly overregions where smoke plumes exhibit significant spatiotemporal variability. In this
presentation, we analyze PM2.5simulationsfor the Pole Creek Fire, which burned adjacent to the
Wasatch Front during the of 2018. Here, smoke simulations were generated from a coupled fire-
atmosphere model (WRF-SFIRE-CHEM), which can simultaneously render fire growth, fire emissions,
smoke dispersion, andfire-atmosphereinteraction. Smoke simulationsgenerated from WRF-SFIRE-
CHEM were validated using the University of Utah’s AirU low-cost sensor and mobile TRAX PM2.5
networks. Initial results from our case study suggest thatlow-cost sensor networks and mobile
measurements can adequately resolve the spatial heterogeneity of smoke plumeswhile also serving
as a useful dataset for validating smoke transport models. Furthermore, results presented here
suggest that coupled fire-atmosphere models such as WRF-SFIRE-CHEM can realistically render local
drainage flow and downwinddispersion of wildfire smoke plumes in regions of significant
topographicrelief.

Keywords: wildfire, WRF-SFIRE, PM 2.5,smoke modeling
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Abstract: Low-cost air quality sensors are providing an increasingly dense networkof high temporal
and spatial resolution air quality measurements throughout North America. This is particularly true of
laser particle counters measuring PM2.5such as those produced by Purple Air. The R statistical
programming language is often used by air quality researchers andsome dedicated air quality
packages do exist, e.g. "openair". But there are currently no open source R packages dedicated to
working with air quality data from consumer grade air quality sensors such as those produced by
Purple Air.

Mazama Science has partnered with the Air Quality Sensor Performance Evaluation Center (AQ-
SPEC) at the South Coast Air Quality Management Districtand the US Forest Service (USFS) to create
anopen source R package that provides a full suite of data download, analysis and visualization
capabilities for data from Purple Air sensors. This presentation will review package capabilities and a
USFSmaintained database of archival Purple Air data. Package capabilities willbe used to briefly
demonstrate analysisof sensor performance as well as community impacts of wildfire smoke.

Keywords: R, open source, software, Purple Air, data analysis

Presenter Bio: Jonathan has always enjoyed understanding and explaining the natural world. His
career in science began with a PhD in Chemistry, followedby a decade in a NOAA Oceanographylab,
and asubsequent decade consulting with federal and nonprofit scientific organizations. Throughit
all, he has brought automation, datavisualizationand storytelling to a variety of disciplines with a
focus on environmental monitoring.

12. An overview of small fire sampling during FIREX-AQ

Presenter: Jim Crawford, Senior Scientist for Atmospheric Chemistry, NASA Langley Research
Center, James.H.Craawford@nasa.gov

Additional Author(s):

Joshua Schwarz, NOAA Chemical Sciences Division, joshua.p.schwarz@noaa.gov
Jack Dibb, University of New Hampshire, jack.dibb@unh.edu

Carsten Warneke, NOAA Chemical Sciences Division, carsten.warneke(@noaa.gov
Jessica McCarty, Miami University, mccartjl@miamioh.edu

Amber Soja, National Institute of Aerospace, amber.j.soja@nasa.gov

Barry Lefer, NASA Headquarters, barry.lefer@nasa.gov

Abstract: While not as attention grabbing as large western wildfires, smaller fires associated with
agriculturaland prescribed burning contribute substantially to the integrated impact of fire



emissionsin the US. Small fire activity is also closer in proximity to population and more sustained
throughout the year, fluctuating with season but always present. Small fires were the primary focus
of research flights conducted from Salina, Kansasfrom 19 August to 5 September 2019 as part of the
Fire Influence on Regional to Global Environments and Air Quality (FIREX-AQ) campaign. Jointly
sponsored by NASA and NOAA to advance understanding of the environmental impact of fire
emissions, FIREX-AQconductedseven flights andsamplednearly 9o individual small agricultural and
prescribed fire plumes. Sampling was conducted using NASA’s DC-8flyinglaboratory which carried
twenty-eightinstrument teamsand enabled sampling of fires across eleven states covering the
centraland southeastern US. Flight planning to target small fires presented a particular challenge
andrequired climatological knowledge of fire activity, information on habits and patterns of the
agricultural community, direct coordination with authoritiesresponsible for prescribed burning, real-
time satellite fire detections, and ground-level scouting of regions where burning was expected.
Smallfire sampling offered an excellent opportunity to compare fire emissions across awiderange
of fuel types and burning conditions. The large number of small fires sampled during FIREX-AQwill
provide unprecedented information on the diversity of fire emissions, providing the basis for
improved constraintson fire emissions used in models.

Presenter Bio: Dr. Crawford has beeninvolvedin NASA airborneresearch since1991startingas a
graduate student at Georgia Tech and continuingas aresearch scientist at NASA Langley since 1997.
His mostrecentactivity involved serving as one of the scienceleads for the FIREX-AQ field study
conducted jointly by NOAA and NASA in thelate summer of 2019.

13. Building the Right Solution for Real-Time Smoke Monitoring Deployments
Presenter: Zoé Fyfe, Senior Product Manager, FTS Inc., zfyfe@ftsinc.com

Abstract: When discussing air quality, technical discussions tend to focus on the sensor; however,
attention to the support systemis vital. In orderto deploy sensorsin the wildland-urbaninterface
and moreremoteregions, powerrequirements, ease of use, and telemetry play akey role. Asthe
only provider of remote fire weather stations meeting the NWCG PMS 426-3standard, FTS has spent
thelast 40 years perfecting deployments in remote and extreme environments. Learn howto select
appropriate system components using FTS experience and case studies with specificfocus on:

- Alternative data transmission choices (cellular, GOES, Iridium, etc.)

- Power demands of different sensor types(continuous versus periodic readings)

-How to satisfy powerrequirementsin a portable system (weight,autonomy, location)

- Important mechanical considerations when deployingin less accessible locations (tool-less
components, durability, etc.)

Obtaining real-time smoke monitoring data in remote environments is available today. Consider this
a guide towards designing the solution that best suits your specificneeds.

Keywords: remote deploymentmonitoring system
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position on an SAE International committee. Morerecently, she has acquired proficiency with the
Internet of Things (1oT). Experience with this technologyhasled to speaking opportunitiesat three
prestigious international conferencesin thelasttwo years.
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Abstract: A comprehensive set of real-time aerosoland gas measurements of a Canadianboreal
forest wildfire were made from the National Research Council of Canada’s Convair-580. The aircraft
intercepted two separate plumes by flying multiple transects at successive distances downwind of
thefires with multiple altitudes flown at each transect. This Lagrangian-type flight captured the
wildfire emissions and subsequent transport and transformation of pollutants. These low energy
fires, ignited by lightning strikes, were characteristic of smouldering combustion. Emission factors
(EF) were determined foranumber of species using transects closest to the fire sources. EFs for
NH3, Hg and PM2.5 were lower than previously reported for boreal forests by factors of 7,3and 3,
respectively, possibly indicatingan aged combustion process. Total hydrocarbons accountedfor 6-8%
of carbon emissions. The chemical characteristics and evolution of particles and gases are also
investigated as the wild fire plume travelled downwind over a time scale of ~3 hours and spatial scale
of 100 km. The dominant fraction of sub-micron aerosol showed volatilization close to the fireand
marginal enhancement of secondary organicaerosol. Photochemical processes were likely
influenced by smoke particle concentrationsimpacting the actinic flux. Differences between the two
plumes are compared to gain insight into the conditions governing secondary formation processes.

Keywords: Canadian boreal forest, wildfire, evolution, emissions
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Abstract: FIREX-AQ (Fire Influence on Regional to Global Environmentsand Air Quality)is alarge-
scale field campaign, led by NASA and NOAA, designed to provide comprehensive observations to
investigate theimpact of smoke on air quality and climate. Duringthis campaign,both naturaland
anthropogenicfires were observed across the continental United States. Both wildland and
prescribed fires can serve to: set the beginning and end of ecosystem succession; reduce fuels to
reduce wildfire risk; maintain healthy ecosystem function (e.g., cycle nutrients); reduce total
emissions and particulate matter forimproved air quality; restore and promote native species;
maintain natural diversity;and decrease invasive species.

We anticipate the diversity of smoke measurements sampled during this campaignwill vary
depending on fuel type, amount, structure, combustion environment (specifically those related to
flaming vs smoldering combustion),and antecedent weather factors. Here we will present detailed
daily/hourlyfire-specificinformation for each fire with the goal of providing explanatory variables for
potential differences found in FIREX-AQdata. Specificvariables presentedwillinclude: fire size,
location of fire over time, verified ecosystems and fuel types, fire-weather conditions,and carbon
emissions. Usingsatelliteand ground-based data, dailyfire progressionmaps willbe introduced and
provided. Additionally, we will demonstrate the capability of current satellite-based products to track
fires across the landscape over time as well as quantify and compare burned area and Fire Radiative
Power. Firebehavior(e.g., surface, intermittent, crown) willbe provided for western wildland fires.
In these analyses, very-high resolution andground-based information will serve as ‘truth’.

We hopeto provideinsightsto both prescribed and wildland firesin an effort to enhance the
understanding of the connections between fuels, fire, weather,atmospheric chemistryand smoke
transport, which are critical to understanding the impact of fire on air quality, atmospheric chemistry
and climate. Increased understanding of fireregimes is currently compelling, because firein human-
dominated landscapesis not well defined, and extreme wildland fireis increasing, largely und er the
control of weather and climate, which then feeds back to these weather and climate systems (e.g.,
albedo change of landscapes, the atmosphere, snow andice; smoke particleinteractionsin clouds;
altered patterns of precipitation).

Presenter Bio: Amber Soja, Associate Research Fellow, National Institute of Aerospace Dr. Amber
Sojais residentin the Climate Science, Chemistry and Dynamics Branches of Atmospheric Sciences at
the NASA Langley Research Center (LaRC). Sheis currently an Associate Prog ram Manager for the



NASA Applied Sciences Wildland Fire program and a Disasters Coordinator for NASA LaRC. Her
research focuses on using satellite, Geographic Information System, and modeled data as tools to
explorethe dynamicinteractiverelationships that exist between fireregimes, fire weather, air
quality, thebiosphere, atmosphere, and climate systems. She has 25 years of research experience
that has primarily focused on the beautiful expansive wildlands of Siberia. Sojais proudtohave
worked to enhance the use of satellite datain stakeholderagencies, so our Nation benefits from the
use of ourapplicableinformation. Thisincludes working with the Environmental ProtectionAgency
(EPA)to introduce satellite-based fire data to enhance the fire emissions portion of the National
Emissions Inventory. SheholdsaB.A.(1996)and a Ph.D.(2004)in Environmental Sciences from the
University of Virginia.

17. Insights From Smoke Management Collaboration in the Eastern SierraNevada
Presenter: Sean Mueller, Air Resource Specialist, USDA Forest Service, sean.mueller@usda.gov

Abstract: Nationally, the USDA Forest Service hazardous fuelreductionacreage goals haveincreased
throughout the 21st century, although California state smoke management rules have not been
updated since2001. This scenario presentspotential conflict surrounding decision making with
uncertainty and highlights the need to better understandair quality and smoke, especially at the field
level. This isincreasingly important on the Inyo National Forest (INF), arecreation focused forest
thatis tasked with effectively tripling its hazardous fuel reductiontargets. Two INF case studies are
presented to showcaselandscapelevel forest restoration opportunities, challenges, andinsights
regarding effective smoke management: a spring 2019 prescribed bum and the 2019 SpringsFire, a
naturally ignited wildland fire managed for multiple objectives, including resource benefits. We
examine how a partnership of federal, state, and local agencies utilize smoke modelingand
monitoring to inform decision makingand balance both short andlong-term public health and forest
management goals in the Eastern Sierra Nevada. Thesuccessful efforts distillaframework forland
management and regulator collaboration, founded in interagency trust andscientifictools. Smoke
management topics for further discussionand clarification are presented fromboth the regulatory
and land management perspectives.

Keywords: Smoke Management, Forest Service, California Air Resources Board, Interagency
Partnerships, Inyo National Forest, Prescribed Fire, Managed Fire, Title 17

Presenter Bio: Sean Muelleris a Presidential Management Fellow Air Resource Specialist with the
U.S. Department of Agriculture Forest Service at the Northern Region Regional office in Missoula,
Montana. He completed a B.S. degreein Business Administrationat Boston University,and a Master
of Environmental Science and Management at the University of CaliforniaSanta Barbara Bren School.
Sean has a breadth of experiencein air quality policy in both urban and rural settings, fromthe
concretejungle of Washington D.C.,to the beaches of Santa Barbara, and currently the forests of
Montana.



18. Practitioner Smoke Management Ignition Techniques to Mitigate Emissions
Presenter: Jen Croft, Applied Fire Ecologist, USFS, jennifer.croft@usda.gov

Abstract: A discussion related to theignition techniques, methodologies, and considerationsduring
prescribed fireimplementation in the U.S. to mitigate smoke emissions. Elements of this discussion
will include the basic principles of managing the phases of combustionto manipulate smoke
production across theland management arena. As shared stewardshippaceandscaleincrease, the
inclusion of these conceptsis critical to massignitions. This sessionwillbeimportantknowledge for
evolving practitioners, Agency Administrators,and non-federal burners.

Keywords: ignition techniques, smoke emissions, shared stewardship, practioner

Presenter Bio: In her 23 years of fire management, Jen has served in awiderange of roles and
positions. Herformaljob titlesinclude fuels' crew leader, Type 2 Crew Lead, Assistant Fire
Management Officer, Fire Management Officer,and Applied Fire Ecologist. She s still an active fire
behavior analyst, long-termanalyst, incident commander type 3, prescribed fire burn boss type 1, and
air resource advisor. Jen has abachelor’s of sciencein Forestry from Washington State University, a
Master’s in Natural Resource Management from Utah State, and a graduate certificatein NEPA. Her
favoriteadventuresinclude assisting the development of the Philippine Fire Management program
and completing the ArmenianFire Risk Assessment. Sheisamongtheburn boss cadre for FASMEE
and continues to support thefield as often as possible.
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Abstract: The NOAA Air Resources Laboratory has led research and pre-implementation testing
activities for the National Air Quality Forecasting Capability (NAQFC) since the congressional



inception of the forecasting servicein 2003. Field campaigns represent potential collections of large
amounts of in-situdata critical for model verification and identification of deficiencies of the
chemicaland/or physical processes representedin NAQFC simulations. Pastexperiences willbe
presented on how such large campaign data sets have enriched the development and improvement
of the NAQFCand how procedural best practices have enabled incremental and process-specific
moduleimprovements in the forecast system. Discussion will also be provided focusing on similar
benefits of utilizing the coherent and large number of high-quality observations fromthelarge
FIREX-AQ campaign to pin-point potential short-comings in the research version of NAQFC (dubbed
asthe “-B” version)to producereal-time forecasting support for the Firex-AQ campaign. The
campaign highlighted wild fire associated emissions, and transport and removal of pollutants due to
depositions. Episodic pulses of wild fire associated particulate matter (PM) emissionstypically
resulted in spikes of high surfacelevel PM concentrations. Our NAQFC-f based forecasts were
provided to campaign managersfor consideration likely contributing to some of the deployment
decisions. We will sharelessons learned from how well or poorly NAQFC-3 captured the episodic wild
fire events by utilizing surface, remotely sensed, andin-situaircraft data to verify and evaluate the
forecasting simulations. Advantages of the semi-operational setting of NAQFC-B willbe described.
Further potential areas of improvement for NAQFC-B will also be shared.

Keywords: smoke measurement campaign, deployment decision, forecasting support

Presenter Bio: Dr. Leejoined the Air Resources Laboratory (ARL)of the National Oceanicand
Atmospheric Administration(NOAA)in February2009.Dr. Lee has helped lead Air Quality forecasting
andresearch at ARLand becamethe project leader of the National Air Quality Forecasting Capability
since2011. Among the many challengesconcerning the pursuitof understanding the science of air
quality modeling,itis ARL’s strong interest to improve the timeliness and accuracy of the National
Air Quality Forecasting Capability (NAQFC) headed by NOAA. Dr. Lee has been instrumentalin
spearheading abroad array of issuesin support of the NAQFC.

20. Canadian Health Portfolio Wildfire Emergency Response

Presenter: Vanessa Beaulac, Head, Exposure Assessment Section, Health Canada,
vanessa.beaulac@canada.ca

Abstract: The Health Portfolio of the Government of Canadamanages wildfire smoke and emergency
responses throughthe Chemicals Emergency Response and PreparednessAnnex. Under this Annex,
Health Canada plays akey rolein wildfire responses by providing federal coordination support and an
air emergency monitoring capacity. Activationof the Emergency Air Health Monitoring Unit
(EahMU) during air emergencies triggers deployment of monitoring equipmentto support science-
based decision making throughthe provision of real-time outdoor and indoor air quality data.

To date, the focus of EahMU has been particulateresponses. Development of areal-timeresponse
capacity forair toxics including polycyclicaromatic compounds (PACs) and volatile organic
compounds (VOCs) has become a Health Canadapriority. Inclusionof these chemical classes to the
EahMU will be influential during urban-wildlandfire scenarios or when considering health
implications of exposure to smoke form the combustion of different fuel sources (e.g.boreal forests
vs grasslands).



This presentation will speak to the Health Portfolio wildfire response capacity under the Chemicals
Emergency Response and Preparedness Annex, with particular emphasis on therole of the EahMU.
It will present an overview of current and future monitoring capacity, and describe how EahMU -
derived data supported decision-making during Canadian wildfireresponses in the summer of 2019.
Last, we will discuss the status of wildfire smoke exposure assessmentin Canada, and how this work
in conjunction with EaEhMU deployment is influencing the development of a pan-Canadian disaster
research framework from the exposure assessment and epidemiology perspectives.

Keywords: Canada, emergency, emergency air health monitoring unit(EahMU), wildfire, smoke

Presenter Bio: Vanessa has worked for Health Canada since2008. Sheis currently Head of the
Exposure Assessment Section, a multi-disciplinary team of scientists that conductsnationalfield
exposureresearch in the area of air pollution exposure, modeling,and epidemiology. In addition, she
is adesignated Level 1 Responder under the Chemicals Emergency Response and PreparednessUnit
of the Health Portfolio. Vanessa coordinates the Emergency Air Health Monitoring Unit (EahMU),a
rapid responsekit available during airemergencies. Vanessareceived a B.Sc.H in Biomedical
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21. Challenges of Smoke Forecasting on Mendocino Complex Fire
Presenter: Bret Anderson, Physical Scientist, USDA Forest Service, bret.a.anderson@usda.gov
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Abstract: Recognition of the growing threat that wildfire smoke poses to public health and safety
hasresultedin a proactive and determined response led by the USDA-Forest Service (USFS). The
Interagency Wildland Fire Air Quality Response Program (IWFAQRP) was created to directly assess,
communicate, and address risks posed by wildland fire smoke to the publicas well as fire personnel.
The program depends on four primary components: specially trained personnel called Air Resource
Advisors (ARA’s), air quality monitoring, smoke concentrationand dispersion modeling, and
coordination and cooperation with agency partners.

In August2018,two ARA’s were dispatched to the Mendocino Complex Fire to provide forecast
supportfor firerelated air quality impacts. Challenges encounteredincluded 1) limitations of
numerical weather models to properly characterize the smoke transportin a highly complex
meteorological environmentinvolvingboth complex terrain and land/seainterface considerations, 2)
inadequate characterization of fire dynamics and behavior andtheirimpact on use of air quality
models to simulate smoke transport,and lack of familiarity with differing meteorological and air
quality models used in smoke forecast systems. In this presentation, an overview of some of the
toolsused by ARA’s in operational smoke forecasting, challenges affecting forecast quality, and
work arounds willbe examined in hopes thatlessons learned from this event canimprove the
meteorological and air quality modelingtools used for operational smoke forecasting.

Keywords: Smoke transport prediction, smoke modeling, air resource advisors



Presenter Bio: Bret Andersonis an air quality meteorologist with the USDA Forest Service air
resource management program, serving as the coordinator of the atmosphericmodeling and
regional haze programs. Bret has over 25 years of experiencein the fields of meteorological and air
quality modeling betweenthe State of Nebraska, Environmental Protection Agency, and US Forest
Service. He also participatesin the Interagency Wildland Fire Air Quality Response Program
(IWFAQRP)as an airresource advisor.

22. Model Performance and Sensitivity Analysis of 2016 Western North Carolina Wildfire
Events

Presenter: Sadia Afrin, Graduate Student, Departmentof Civil, Construction, & Environmental
Engineering, North Carolina State University, safrin@ncsu.edu
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Abstract: Wildfires are a significant source of fine particulate matter (PM2.5) emissions in the U.S.
Modeling wildfire smokeisimportant to estimate and mitigate their impact on air quality and public
health. State-of-the-art chemical transport models (CTMs) are amongthe most comprehensive
methods to simulate wildfire smoke and estimate fire-attributable pollutionimpacts. In spite of the
frequentuse of CTMsin air quality modeling, a significant disparity exists between modeledand
observedresults. Correctly estimating the magnitude of pollutant concentrations and mistiming of
peaks are common in most simulations evaluating wildland fireimpacts at aregional scale. In this
study, we use chemical transport modeling to simulate the air quality impact of the 2016 Western
North Carolina wildfire events. A series of devastating wildfires burnedmore than 88,000acres in
thisregion during the last three months of that year causing enormous damage to publichealth and
property. Using the Community Multiscale Air Quality Modeling System (CMAQ), we analyze the
wildfire events that occurred during the month of November. We use the U.S. Environment
Protection Agency’s 2016 beta emissioninventory, which uses the SmartFire-BlueSky modeling
framework to estimate wildfire emissions. We evaluate model performance by comparing modeled
concentrations to observed pollutant levels at monitors suspected of having fireimpact. In addition,
we assess themodel’s sensitivity to emissions inputs by substituting available wildfire emissions data
with alternative emissions based on the North Carolina Division of Parks and Recreation daily
reported evolution of burn area. Here, predicted concentrations underpredict the observed PM2.5
concentrations when considering the default SmartFire-based wildfire emissions. This under-
prediction is likely due to satellites’ inability to accurately detect smoke, as some of the heaviest
wildfire days were associated with dense cloud coverage. The evaluation of model’sperformance
after updating fire emission provides valuable insightinto understanding the potential sources and
causes behind this underestimation during the observation peaks. Overall, theresult of this
simulation study can aid in developing a more accuraterepresentation of wildfire smoke to convey
scientific conclusions and informationto environmental managers.

Keywords: Wildfire-smoke, PM2.5, CMAQ, Sensitivity



Presenter Bio: Sadia Afrinis a 4th year Ph.D. studentin the Department of Civil, Construction,and
Environmental Engineering at NC State University, US. Her research focus is on air quality modeling
and atmospheric chemistry. She has experience in data analysis and statistical modelingapproachto
assess theimpact of wildland fires (both wildfires and prescribed fires) on air quality, climateand
publichealth of Southeastern US. Currently, sheis using a chemical transport model named
Community Multiscale Air Quality Modeling System (CMAQ) to investigate the tradeoff between
wildfire and prescribed smoke exposure.

25. Prescribed fires and prescriptions for health: short-term exposures, research gaps and
community engagement

Presenter: Gabriela Goldfarb, Environmental Public Health Section Manager, OregonHealth
Authority, gabriela.g.goldfarb@dhsoha.state.or.us

Additional Author(s):
Carol Trenga, Environmental Epidemiologist, Oregon Health Authority,
carol.a.trenga@dhsoha.state.or.us

Abstract: In February 2019, the Oregon Department of Forestry (ODF) and Oregon Department of
Environmental Quality (DEQ), in consultation with the Oregon Health Authority (OHA),adoptednew
Smoke Management Rules related to prescribed burns. These new rulesinclude a health-based1-
hourintrusion threshold of 70 ug/m3that triggers advanced planningand community engagement.
The goal of therevised rulesis to expand prescribed fire opportunity while supporting measures to
protect the health of vulnerable populations. OHA believes thereis aneed for strengthened science-
based guidance on short-term (sub-daily, <24hr) smoke exposures andresearch on associated health
outcomes. This presentationwill discuss Oregon’s public health efforts and recommendations
related to prescribed fires including real-time monitoring, post-burnanalyses, reportingand
strengthened community engagement. Developing policy thatincludes health-protective expansion
of prescribed fire to mitigate increased wildfire can also help communities adapt to currentand
anticipated climate change scenarios.

Keywords: prescribed burns, publichealth, short-term exposures, health outcomes, community
engagement
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26. AQ Management Tools to Support Prescribed Burning Increases

Presenter: Gregory Vlasek, Program Advisor, Agricultural & Prescribed Burning Support, California
Air Resources Board, Air Quality Planning & Science Division, greg.vlasek@arb.ca.gov

Additional Author(s):
Antonio Morales, Fire Monitoring Data Engineer, CARB Monitoring and Laboratory Division,
Jason Branz, Prescribed Fire Data Specialist, CARB Air Quality Planning and Science Division.,

Abstract: California seeks to expand biomass fuelreduction and prescribedburning on forest lands
by an order of magnitude, fromthe currentrate of tens of thousands of acres per year to hundreds
of thousands of acres peryear. Obstacles to expansion of prescribed burning are physiographic,
economic, and cultural. CARB is developing databases, analytical tools and metrics to better evaluate
theair quality and carbon lifecycleimpacts of increased use of prescribed fire compared with the no-
action approach of conventional suppression of catastrophic wildfires. Developing a better technical
understanding of the potential net air quality benefits of well-managed prescribed burning will help
secure public, legislator and regulator acceptance of the practice and support a paradigm shift
toward healthierand more sustainable forests.

CARBis developing a collaboration with local air districts to increase the spatial density of hourly
PM2.5 data captured near prescribed fire sites throughtactical deployment of E-BAM monitors.
Prescribed fire smoke monitoring datais being curated in-house using the new MonTIGo application
to actively support analysis, reporting and equipment maintenance. The additional data willbe
available for BlueSky and other smoke forecasting models. CARBis also refining fireand smoke data
collection and management capabilitiesthrough its PFIRS platform.

CARBand air districts are providing training to land managers on the new systems to facilitate
understanding of their critical role in data collection.

In coordination with CAL FIRE’s Fireand Resource Assessment Program (FRAP) technical team, CARB
is analyzing current and historical data to review the effectiveness of its meteorology-driven,
statewide burn-dayforecasting system (developedin 2000 primarily for low elevation agricultural
burning) and to identify opportunitiesto refine and localize prescribed burning decisionsin forested
lands. CARBis seeking toolbuilders to collaborate on successful solutions to significantly increase
prescribed fire while protecting the public from health risk exposures and meetingregulatory
requirements.

Keywords: prescribed fire, monitoring,
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27. Rx Fire Decision Making in WA State

Presenter: Carolyn Kelly, Smoke Management Field Coordinator, Washington Department of Natural
Resources; Wildfire Division, carolyn.kelly @dnr.wa.gov

Abstract: A general overview of the decision making process forrespondingto prescribed fireburn
requestsincluding:an overview of Washington Department of Natural Resource’sroleand
responsibilities in smoke management, the decision making process, and communications with the
public, otherregulators, andfederal, state, tribal, and private burners.

Keywords: Prescribed fire, smoke management plan

Presenter Bio: Carolyn Kelly has worked for Washington Departmentof Natural Resources as Smoke
Management Field Coordinator since 2017. Prior to her time with the state, she was the Air Quality
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Abstract: Fire has been excluded from many Coloradolandscapes forovera century. Overthattime,
excessive fuel loading has accumulatedand s available to burn. Wildfires that occur under hot,dry
and windy conditionsburn aggressively and resultin negative outcomes. Some Colorado
communities have experienced unhealthy levels of smoke from wildfires for more than a month.
Prescribed fire offers a toolto address this buildup of fueland for there-introduction of fire by
burning at more moderate conditions andenhancing the positive outcomesof fire. Thereare
challengesrelated to smoke when using prescribed fire: preparing communities to tolerate some
smoke and minimizing their exposure. The two primary ways that prescribed fireis used in Colorado
are pileburning and broadcast buming. Itis often necessary to harvestand/or mechanically treat
forested areas and reduce the fuelloading via pile burning beforere-introducing fire via broadcast
burning. In Colorado, smoke generated fromboth pile burningand broadcast burningare regulated
underthe Clean Air Act and the Colorado Air Pollution Prevention and Control Act to protect public
health and protect visibility. The Colorado Department of Public Health and Environment strives to
protect publichealth from the negativeimpacts of wood smoke while recognizing the benefits of
prescribed fire. The Colorado Smoke Management Program permits prescribedburn projects (piles
and broadcast) that exceed the smallopen burn limits. Applicants can apply for standard condition



permits or request non- standard permit conditions. These non-standard permits allow land
managers to design larger scale projects using mitigationssuch as sequencing burns and burndays,
modified firing techniques, collecting air quality data witha network of monitoring equipment during
burns, proactive outreach withhealth messaging, and frequent communicationabout operations.
These mitigations has been used successfully in Coloradoto gain the support of communities. The
ability for Colorado toimplement a non-standard permitis a way to help make prescribed burning a
viable tool to address the consequences of a century of fire exclusion while continuing to protect the
health of Colorado citizens.
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Presenter Bio: Boyd Lebeda started his forestry career as avolunteer on the Laramie District of the
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29. Montana/ldaho Smoke: Coordinating Interstate Smoke from Prescribed Burning

Presenter: Seth Morphis, Regional Smoke Coordinator, USDA Forest Service,
seth.morphis@usda.gov

Abstract: Coordinatinginterstate smoke impacts from prescribed fire activity involvesvarious
challenges including communication, assessing cumulative impact,and monitoring. The
Montana/ldaho Airshed Group is an organization composed of federal, state, tribal, local
government,and private organizations who collectively coordinate prescribed fire activity in
Montanaand Idaho. Membersinclude prescribed fire practitioners and public health/environmental
regulatory agencies across the two states. Thisinter-organizational coordination allows members to
effectively use prescribed fire as aland management tool while limiting negative impacts on
communities. By using aweb based proposalinterface and establishedlines of communication,
members strategically coordinate ignitions on a daily basis across 24 airshedsduringburning
seasons. This coordinationallows members to exchange information on potential prescribed fire
units, assess the cumulativeimpact of smoke from firing operations, andmonitor postignition
impacts. This presentation will discuss the Montana/ldaho Airshed Group’s organizational structure
andfunctionand how itserves as asuccessfulmodelto coordinateinterstate prescribed fire smoke.

Keywords: Prescribed burns, smoke management, air quality, smoke exposure

Presenter Bio: Seth Morphis works out of the USFS Northern Rockies Regional Officein Missoula,
MT. Seth began a careerin air quality by working for several years forastateregulatory agency in
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33. The JFSP Fire Science Exchange Network

Presenter: Stacey Frederick, Coordinator, CaliforniaFire Science Consortium/ UC Berkeley,
ssfrederick@berkeley.edu

Abstract: The JFSP Fire Science Exchange Network (FSEN) began in 2010 with a primary goal of
connecting fire managers in different regions with the research community and relevant science-
based informationto help them meet theirmanagement objectives. The Network now covers the
entire country, with each regional exchange focusing on science and informationmost appropriate
forthe ecosystemsin theirregion. The network is actively working to accelerate the awareness,
understanding, and adoption of wildland fire science information by federal, tribal, state, local, and
private stakeholders within ecologically similarregions. Our network of 15 regional exchanges
provides timely, accurate, and regionally relevantscience-basedinformationto assist with fire
management challenges.

This lightning talk will explain the history and mission of the FSEN. More importantly, this talk will
explain how these boundary spanning organizationscan be avaluable assetin disseminating
emerging research and communicating the unique needs of the smoke science community.

Keywords: Communication; fire science; networking; outreach
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Abstract: Wildland fire smoke exposure affects a broad proportion of the U.S. population and is
increasing dueto climate change, settlement patterns andfire seclusion. Significant public health
questions surroundingits effects remain, including theimpact on cardiovascular disease and
maternal health. Usingatmospheric chemical transport modeling, we examined general air quality
with and without wildland fire smoke PM2.5.The 24-hour average concentration of PM2.5from all
sources in 12-km gridded output fromall sources in California (2007-2013) was 4.91 ug/m3. The
average concentration of fire-PM2.5in California by year was 1.22 ug/m3 (~25% of total PM2.5). The
fire-PM2.5 daily meanwas estimated at 4.40 ug/m3in a high fire year (2008). Based on the model-
derived fire-PM2.5 data, 97.4% of California’s populationlived in a county that experienced at least
one episode of high smoke exposure (“smokewave”) from 2007-2013. We are updating these
concentrations with 2014-2019 modeling results. Photochemical model predictions of wildfire
impacts on daily average PM2.5 carbon (organicand elemental) compared to rural monitorsin
California compared well for most years but tended to over-estimate wildfireimpacts for 2008 (2.0
pg/m3 bias)and 2013 (1.6 pug/m3 bias) while underestimating for2009(-2.1 ug/m3 bias). The
modeling system isolated wildfire and PM2.5 from other sources at monitoredand unmonitored
locations, which isimportant for understanding populationexposurein health studies. Further work
is needed torefine model predictions of wildland fireimpacts on air quality in order to increase
confidencein themodelforfuture assessments. Atmosphericmodeling can be a usefultoolto assess
broad geographicscale exposure for epidemiologic studies andto examine scenario-based health
impacts.
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Abstract: Climate-related changes to temperature and precipitation are associated withincreasesin
wildland fire prevalence and severity. This phenomenon combined with greater population
expansion into the wildland-urban interface mayresultin greaterrisks of populationexposure to
wildland fire smoke. Recent studies conclude that strong associations exist between exposure to
wildland fire smoke and all-cause mortality and respiratory morbidity. As therisk of recurring
wildland fires continues to grow, the publichealth community is increasingly faced with developing
evidence-based interventionsforreducing adverse health effects from wildland fire smoke exposure.
Communication activities, such as public service announcements, social media campaigns, and
emergency messaging, can actas public health interventions for wildland fire smoke. Here, we
define communicationinterventions as activities designed to reducerisk factors orincrease
protective factors associated with wildfire smoke exposure and its subsequent health effects. We
conducted ascoping review that classifies and evaluates existing evidence on health-related
communicationinterventionsfor wildland fire smoke. We searched seven (Medline, Embase,
Psycinfo, CAB Abstracts, CINAHL, Scopus, and Agricultural and Environmental Science Database)
applicable databases using search terms indicative of wildland fire, smoke exposure,and
communicationactivities ranging fromepisodic air quality alerts to multi-year social marketing
campaigns. Weincluded only those studies that contained evidence for changes to health behavior
and, orrespiratory morbidity and mortality as a result of a communications intervention. Preliminary
results suggested that publichealth communication strategies most often associated with desired
health protective actions were those developed with input from multiple stakeholders including the
public, public health officials, health care professionals and state officials. Moreover, we saw
evidence that hyperlocal communicationschannels (word of mouth, local health agencies) and
message consistency across channels (e.g., commonlanguage by public health and emergency
management officials) increased audience receptiveness and compliance. Compliance with response
strategies such as timely evacuation or staying indoors was increased when target audiences could
interact with and tailor risk information, using tools such as phone apps or online maps. Initial results
alsoindicated that health effects from communication interventions were understudied outcomes.
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Abstract: Exposure to wildfire smokeincreases therisk of hospitaladmissions for respiratoryillness,
cardiovascular disease, and asthma. Due to this health risk and the increased frequency andseverity
of wildfires, itis necessary to develop methods for estimatinga population’s exposure to air
pollution from wildfires. While air quality models and spatialinterpolations of observations are often
used forhuman exposure estimates, geostatistical methods can combine modeled concentrations
with surface observations andsatellite-based estimates to produce more accurate estimates of air
pollutant concentrationsacross space and time. Here we use geostatistical methods to estimate
daily PM2.5 concentrations across California during the October 2017 wildfires using surface monitor
observations, Community Multiscale Air Quality Modeling System (CMAQ)output, and satellite-
based PM2.5 estimates. The Constant Air Quality Model Performance (CAMP) Methodand the
Bayesian Maximum Entropy (BME) Framework are used to error-correct the CMAQ model and
satellite-based PM2.5 estimations, and fuse them with surface PM2.5 observations fromboth
permanentand temporary monitoring stations. Four different mapping methods using these three
datasources are evaluated foraccuracy, and the data fusion of the CAMP-corrected CMAQmodel
with the monitoring station observations provide the best PM2.5 estimates across California during
thefires. These daily PM2.5 concentration mapsare then used in arisk assessment, using wildfire-
specific concentration-response functions, to estimate the number of respiratory, cardiovascular,
and asthma hospital admissions attributable to the October 2017 wildfires. These numbers reveal the
magnitude and locations of expected acute health impacts across Californiafor the duration of the
fires.

Keywords: wildfire PM2.5, data fusion, populationsmoke exposure, acute health impact, respiratory
hospitaladmissions, cardiovascular hospitaladmissions
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Abstract: Wildfires have a significantimpact on United States (US) air quality. To understand the
health impacts of wildfire smoke, epidemiology studies rely on concentrations of particulate matter
(PM)as asmoketracer. These studies have shown exposure to wildfire PM can lead to severe acute
respiratory impacts, but many other potential health impacts (e.g., effects of long-term exposure)
remain uncertain. While PM is a major component of wildfire smoke, there are many other hazardous
air pollutants (HAPs)identified by the Environmental Protection Agency (EPA) thatare also present
in smoke plumes. Variability in HAPs between smoke plumes is currently unaccountedforin wildfire
smoke health studies. Further, there are significant uncertainties in how smoke age may contribute
to changesin the concentrations of differentpollutants and in turn,how these can impact health.
Using observations from the Western wildfire Experimentfor Cloud chemistry, Aerosolabsorption,
and Nitrogen (WE-CAN) aircraft-basedfield campaign, we identify relationships between HAPs, PM,
and smoke plumeage forusein future health studies. We use theserelationships, in conjunction
with interpolated surface PM observations, to identify the chronicrisk of HAPs in smoke from 2006-
2018 across the US.

Inthe summer of 2018, HAPs were measuredin wildfire smoke plumes during WE-CAN by the Trace
Organic Gas Analyzer and a Proton-Transfer-Reaction Mass Spectrometer. PM was measured by an
Aerosol Mass Spectrometer and Single Particle Soot Photometer. With these data, we identify HAPs
thatare elevated above health-relevant concentrations withinfresh and aged smoke. We show HAPs
with the largest associated health risk in smoke are correlated with PM and we calculate ratios of
HAPs to PM as a function of plume age. We use these ratios with smoke-specific PM surface
concentrations, estimated from satellite and surface observations, to calculate the chronicrisk of
HAPsin smokefrom 2006-2018. Theratios of HAPs to PM we present here have the potential to be
used in future, more comprehensive, health studies of smoke. Therelationship between HAPs, PM,
and plumeageis crucial in furthering our understanding of the health impacts of acuteand
prolonged smoke exposure.
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Abstract: Wildfire smoke episodes can create highly dynamicair quality conditions, with fine
particulate matter (PM2.5) concentrationshaving significant variation over small geographicareas,
modulated by local meteorologyand fire activity. During a wildfire smoke event, PM2.5sensor data
can supplement data from regulatory monitors (e.g., Federal Equivalent Methodsor FEMs) and
special-purpose monitors of near-FEM data quality by enhancing spatial coverage and temporal
resolution of observations. However, a critical challenge is providing consistent air quality
information using data with different spatialandtemporalresolution. In addition, air sensor data
and regulatory monitoring network data are currently shown on separate web applications with
differencesin how theinformation are presented. Theintegration of PM2.5 sensor data with
regulatory data willhelp members of the publicunderstand and reduce their exposure to wildfire
smoke.

To support thisintegration of information, the U.S.EPA and the U.S. Forest Service have been
working on approaches to present PM2.5 data from FEM monitors, special purpose near-FEM
monitors and sensors on the Fires: Current Conditions map on the AirNow website in a way that
provides the public with clear, consistentand up-to-dateinformationto help reduce smoke
exposure. This presentation will provide examples of the approaches under consideration for use on
AirNow during the 2020 fire season. It willalso show new video tools developed by EPA to quickly
understand different types of dataand howthe data can be used.
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Abstract: Bushfireis aninherent part of the Australian landscape. The State of the Climate 2018
report[1] showed thatthere has been along-termincreasein extreme fire weather, andin the
length of the fire season, across large parts of Australia. These trends indicate that the frequency
and extent of bushfires willincreasein the future and fire agencies anticipate anincreased focus on
achieving planned burntargets to help mitigate the bushfirerisk.

A2017report by the University of New South Wales [2]found that air pollution, including smoke
from planned burns andbushfires, causes about 3,000 premature deaths ayearin Australia. Due to
theincrease in fire activity, this number of deathsis also projected to increase.

Fire agenciesin Australia are underincreasing pressure to conduct fire operationsassociated with
planned burns and bushfiresas wellas managing theimpact of smoke on the community.
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The Australian Bureau of Meteorology partnered withthe Commonwealth Scientificand Industrial
Research Organisation (CSIRO) and the Department of Environment, Land, Water and Planningin
Victoria (DELWP)in 2013 to develop a quantitative smoke and air qualitymodeling system, AQFx. [3]

Themodel output, described by Martin Copein akeynote presentation at 1SS2, showswhere the
smoke from aburn willgo and whether air quality thresholdswill be exceeded on that day. Air
quality data from the Environmental Protection Authorityin each state are used to verify the
forecasts.

The AQFx system has been operationalin Victoria since mid-2018 and isintendedto becomea
national system. A working group with representativesfrom each jurisdictionhas been established
to supportthe system expansion.

DELWP have funded further work including alow-cost sensor projectin primary schoolsin regional
Victoria together with CSIRO, and a near real-time smoke observationand smoke forecast
visualisation system (AQVx) with the University of Tasmania.

This presentation willinclude:
e adescription of the AQFx system
e discussion of the challenges with extending the system nationally
e anintroductiontorelated workin Australiaincluding;
o engaging schools with low-cost air quality sensors
o near-real-time smoke monitoring

References:
1. http://www.bom.gov.au/state-of-the-climate/index.shtml
2. https://www.grandchallenges.unsw.edu.au/sites/default/files/2019-
o1/climate%20change%2C%20air%20pollution%20and%2 ohealth%20in%2 oaustralia. pdf
3. https://www.ffm.vic.gov.au/ __data/assets/pdf file/o027/420759/Final-Report_May 2019 v1.1-
1.pdf
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Abstract: The Health Portfolio of the Government of Canadamanages wildfire smoke and emergency
responses throughthe Chemicals Emergency Response and PreparednessAnnex. Under this Annex,
Health Canada plays akeyrolein wildfireresponses by providing federal coordinationsupport and an
air emergency monitoring capacity. Activationof the Emergency Air Health Monitoring Unit
(EahMU) during air emergencies triggers deployment of monitoring equipmentto support science-
based decision making throughthe provision of real-time outdoor and indoor air quality data. Dueto
geographicsize, transmission of airmonitoring datain real-time over cellular or Wi-Finetworks is not
always possiblein Canada. As part of a Canadian Department of National Defence exercise, Health
Canada partnered with the Yukon Amateur Radio Association (YARA) to test whether Amateur
(HAM)radio could providereal-time data transmission from monitorsin areas with no, or unreliable,
cellular or Wi-Fi coverage to areas that had the necessary coverage.

This presentation will describe theresults of this experiment, including modification to air
monitoring equipment to permit transmission of data over HAM Radio. Theresults of this work may
be applicable to HAM Radio networks across North America during emergencies in which cellular or
Wi-Fitransmission are not available due to geography or the nature of the emergency.

Keywords: Canada, emergency air health monitoring unit (EahMU), wildfire, smoke, HAM radio

Presenter Bio: Vanessa has worked for Health Canada since 2008. Sheis currently Head of the
Exposure Assessment Section, a multi-disciplinary team of scientists that conductsnational field
exposureresearchin the area of air pollution exposure,modeling,and epidemiology. In addition, she
is adesignated Level 1 Responder under the Chemicals Emergency Response and Preparedness Unit
of the Health Portfolio. Vanessa coordinates the Emergency Air Health Monitoring Unit (EahMU),a
rapid responsekit available during air emergencies. Vanessareceived a B.Sc.H in Biomedical
toxicology from the University of Guelph,and holds a M.Sc. in Respiratory toxicology fromthe
University of Saskatchewan.

41. Comparison of Ozone Measurement Methods in Biomass Burning Plumes
Presenter: Russell Long, Research Chemist, U.S. EPA,long.russell@epa.gov

Additional Author(s):

Matthew Landis, landis.Matthew @epa.gov
Andrew Whitehill, whitehill.andrew@epagov
Maribel Colon, colon.maribel@epa.gov
Andrew Habel, habel.bruce@epa.gov

Abstract: The most widely used method for measuring ozonein ambient airis based upon UV
photometry. Severalinstruments employing the UV photometricmethod have been designatedby



the U.S. EPA as Federal Equivalent Methods (FEM) and can be used for regulatorymonitoring
purposes. However,the UV photometricmethodis proneto interference from water vapor, VOCs
and other UV absorbing compoundsthat existin ambient airand that are commonly foundin
biomass burning plumes (smoke). Two newly introduced and recently designated ozone analyzers
havethe potentialto overcometheinterferenceissues associated with the widely used UV
photometricmethod. Thefirst utilizes NO-chemiluminescence (NO-CL) to measure ozonein the
atmosphere where thereaction between ambient ozoneandNO producelight proportional to the
ozone concentration. The NO-CL methodwas promulgated as the new Federal Reference Method
(FRM)forozonein2015. The secondrepresents a variation of the UV photometricmeth od, known
asthe “scrubberless” UV (UV-SL) method that specifies removal of ozone and only ozone from the
sampleair for the zero reference by a gas-phasereaction with NO rather than via a conventional
solid chemical scrubber. Both methods, either through measurement principle, or sample treatment
processes may effectively eliminateinterferences to aninsignificantlevel. The EPA has performed
research on methods for the measurement of ozonein both laboratoryand ambient settings
including evaluationin smoke. This presentationpresents the results of both laboratory and ambient
based evaluations of FRM and FEM analyzers for ozoneincludinginter-comparisonbetween the
different methods during prescribedfires at the Konza (March and November2017) and Tallgrass
(November2017) prairies in Kansas and at the Sycan Marsh (October2017) in Oregon andduring
controlled chamber burns atthe U.S. Forest Service’s Fire Sciences Laboratory in Missoula, MT (April-
May 2018 and April-May2019).
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Abstract: The agriculturally fertileregion of northwesternindiais knownas the “breadbasket” of the
country producing two-thirds of food grains, with wheat and rice as the principal crops grown under
the crop rotation system. Agricultural data from Indiaindicates a 25% increase in the post-monsoon
rice crop production in Punjab during 2002-2016. NASA’s A-trainsatellite sensors detect a consistent
increasein the vegetationindex (net17%) and post-harvest agricultural fire activity (net ~60%) leading
to nearly 60%increasein aerosolloading over the populous Indo-Gangetic Plain (IGP)in northern



India. The ground-level particulate matter (PM2.5) downwind over New Delhishows a concurrent
uptrend of net 60%. The effectiveness of arobust satellite-based relationship between vegetation
index—a proxy for crop amounts, and post-harvest fires—a precursor of extreme air pollution
events, has been further demonstratedin predicting the seasonal agricultural burning. Such
predictions can serve as a guideline for air quality related planning and preparedness. Rising levels of
crop fires and deteriorating air quality over IGP is a serious health concern demandingurgent
remediation policies, such as an efficient crop residue management system, towards eliminating
open field burning, thereby mitigating episodic hazardous air quality over northernIndia.
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Abstract: Thereis hardly amonth without wildfires in the continental U.S., yet pyrogenic emissions
remain a poorly characterized source of atmospheric trace gases and aerosols. Predicting pyrogenic
carbon emissions is a major challenge, in part due to the lack of measurement techniques to evaluate
these predictions comprehensively and quantitatively. Accurate massfluxes of smoke (trace gases
and aerosols) on the scale of actual wildfires haverecently become possible by means of the
University of Colorado airbome Solar Occultation Flux (CU SOF) instrument. CU SOF measures the
column absorptionof avariety of trace gases above the aircraft at mid-infraredwavelengthsalong
thedirect solarbeam, and quantifies carbonand aerosol massfluxes by mass balance. This
presentation discusses the first science deployment of CU SOF as part of the “Biomass burning of
trace gases and aerosol” (BB-FLUX) project to exploit remote-sensing and in-situ synergies to
quantify mass fluxes of CO2, CO,aerosols and other trace gases (e.g., NH3, NO2, HCHO, CHOCHO,
HONO, etc). BB-FLUX deployed CU SOF, upward looking DOAS andLidar, in-situ CO,C02,03, H20,
and aerosolvolume during 38 research flights,and sampled 125+ plumes, 60 + plume profiles from 18
different fires during the 2018 wildfire seasonin the northwestern United States. In collaboration
with NEON and the USFS the fuelamounts, fuel speciation, and aerial photographsof the Keithly,
Miriam, Tepee and Watson Creek fires were characterized. The science objectives of the BB-FLUX
project are to advance analytical means to better characterize emissions, evaluate plumeinjection
height, study secondary plume chemistry,and ecosystemimpacts fromwildfires. This presentation
focuses on new approaches that exploit synergies betweenremote-sensingand in-situdatato
inform two question:how muchfuel goes up in smoke? And what are the major uncertainties with
predicting pyrogenic carbonemissions to the atmosphere?
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Abstract: PurpleAir particulate matter (PM) sensorsareincreasingly usedin the United States and
other countries by a variety of individuals and organizations for continuous monitoring of ambient air
pollutant conditions, with additional sensors often deployed for monitoring during wildfire smoke
episodes. The performance of these sensors must be evaluated during smoke impacted times, and
nominally corrected for bias if necessary, to ensure accurate data arereported to inform appropriate
health protective actions. Here, we use data from PurpleAir sensors collocated with regulatory-grade
monitors across the United States to develop quality assurance checks and a multilinear correction



equation (including temperature and relative humidity) for PurpleAir PM2.5 data. A secondary data
set wasincluded to test the data correction scheme for wildland fire smoke conditions (including
wildfires and prescribed burns) - a series of research field deployments of PurpleAir sensors
collocated with temporary smoke monitors that are of near-regulatory grade quality (EBAMs and E-
Samplers). Results suggest that the PurpleAir raw PM2.5data overestimate PM2.5 by ~60%in most
states under various conditions. Hourly NowCast Air Quality Index (AQI) categories are calculated
using theraw and corrected PurpleAir PM2.5 concentrations, as well as for the collocated reference
monitor. For the national data set of sensors collocated with regulatory-grade monitors, results
show that PurpleAir sensors, when corrected, accuratelyreport NowCast AQI categories 90% of the
time as opposed to uncorrected PurpleAir data, which are accurate only 75% of the time. Testing the
correction schemefortheresearch data set of wildland fire smoke events revealed that the
corrected data compared closely with thereference monitors and produced similarNowCast AQI
categories.

Although this abstract was reviewed by EPA and approvedfor publication, it may not reflect official
Agency policy. Mention of trade names or commercial productsdoes not constitute endorsement or
recommendationforuse.
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Technology, and her Doctor of Philosophy degree from Duke University.
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Abstract: Ground-basedremote sensing observations in and around fires are not common in the
smokeresearch and dedicated fields campaigns, as deploying instrumentsin rude environments like
firesis notan easy task. Nevertheless, the smoke dispersion and smoke plumeriseinside wildfires is
important, especially for models. During FIREX-AQcampaign in 2019, two vehicles were equipped



with LIDAR and sun photometers, performing mobile measurementsin and aroundwildfiresin
Northwestern US. The two mobile systems were equipped with instruments from LOA (Laboratoire
d’Optique Atmosphérique) and CIMEL companyin France, partners of AERONET/NASA. Mobile
measurements of vertical distribution andtotal loading of smoke aerosols have been conducted with
two vehicles, both equipped with CIMEL micro-pulse LIDARs (emitting at 532 nm and 808 nm
wavelength)and mobile sunphotometers (with 3 or 8 spectral channels from UV to NIR). The
measurements withthe two mobile systems allowed mapping the spatial variability of smoke plumes
and exploring differentroutes to see the areasimpacted by smoke. The LIDAR profiles describe the
structure of the smoke plumes vertically, while the sun photometer measurements give information
on the totalaerosolloading (AOD) and the optical properties of particles. Seven wildfires in Idaho
(Shady, Nethker, Pinehurst), Oregon (Granite Gulch, 204 Cow)and Washington (William Flat,
Pipeline) wereinvestigated with the two mobile units, from25 July to 30 August 2019. This allowed
measuring the smoke plume extent, aerosolloading and regional transport. The acquired datais
valuable forthe evaluation of smoke dispersionmodels and atmospheric chemistry transport
models. LIDAR dataincludes plume height and aerosol concentration inside the plume, as well as
separation of fineand coarse particles vertically. Results from the ground-based remote sensing
mobile measurementsin and around wildfires during FIREX-AQ campaignin 2019 will be presented.

Keywords: smoke, mobile observations, LIDAR, vertical variability, spatial variability

Presenter Bio: The presenter obtained her PhD in Atmospheric Physicsin 2018, on the subject of
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46. Experiments to Measure Smoldering Behavior in Simulated Wildland Fuels
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Abstract: Accelerated tree mortality in the Sierra Nevada has led to the rapid accumulation of large
downed fuels ontheforest floor. The presence of these fuels represents a shiftin surface fuel layer
composition; fromthin fuels such as grasses anddebris which burnin the flaming regime, to large
downed trees with a high propensity to burn in the smoldering regime. Smoldering fires are
characterized by lower temperatures, heatrelease and spread rates than flaming fires and produce
greater concentrations of gas and particulate emissions. The latter suggests that smoldering fires are
highly pollutant wildfires. In addition,because smoldering fires require lower temperaturestoignite,
transition from smoldering to flaming is often considereda shortcut to flaming ignition. Although
smolder propagationrate has been measured for solids wooden fuels, little is known of the smolder
burnrate particularly under theinfluence of wind. Tofill this void, we aim to quantify smoldering
burnrateand smoldering to flamingtransition. Although our focusis on the Sierra Nevada, results
can be applicable to similar ecosystems enduring heightened tree mortality. In this talk, we will



presentresults from experiments designed to quantify smoldering fire behavior. Experiments were
conducted inabench scale wind tunnel where fuel beds were simulated using wooden cribs. We
examined smoldering burningrate and smoldering to flamingbehavior undervarious crib
configurations and windvelocities. Crib permeability was varied by changing stick distance and
thickness. Burningrate was calculated from measurements of mass loss rate, smoldering to flaming
transition was diagnosed in theinitial state of the study throughvisual diagnostic obtained from
experimentvideo. Fueltemperature is measured usingan infrared camera to understand ignition
and transition thresholds. We present planned measurements of particulate matter,CO and CO2
emissions and discuss implications of measured smolder fire behavior to theimproved
understanding of high pollutant yield smoldering wildfires.

Keywords: Wildfire, Smoldering, Burning Rate, Bench Scale, Experiments, Wind Tunnel
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Abstract: Severallarge wildfires burned across northern Californiaduring the summer of 2015, in
areas of localized topographicrelief. Persistent valley smoke hindered firefighting efforts, delayed
helicopter operations, and exposed communities to hazardous air quality.

In this study, we simulate fire progressionand emissions from5 concurrent fires to investigate the
impact of the fire-atmosphere coupling processes on the smoke dispersionand PM2.5
concentrations. Numerical experiments were performed using a modeling framework that couples
an atmospheric, chemical, and fire spread model (WRF-SFIRE-CHEM). Modeling results examined in
this study indicate that wildfire smoke reduced incoming solar radiation during the afternoon,
leading to significant surface cooling, strengtheninglocalinversions and inhibiting smoke ventilation.
Sensitivity analysis revealed a non-linear relationship between the emissions andin-valley surface
concentrations, associated with positive feedback processes. The smoke-induced surface cooling
proved to enhancelocalinversions, inhibit the growth of the planetary boundary layer,and reduce
surface winds, which resulted in smoke accumulation in valleys adjacent to wildfires, leading to even



stronger cooling due to the smoke shadingand higher smoke concentrations. As aresult of this
positive feedback, smoke from wildfires became trapped withinmountain valleys adjacent to active
wildfires leading to persistent low air-quality episodes associated with enhancedlocal inversions.

Keywords: Smoke dispersion,inversions, plume dynamics, radiative smoke impacts, WRF-SFIRE,
WREF-SFIRE-CHEM.
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Abstract: In this study, FLEXPART-WRF, a Lagrangian particle dispersion model, is employed to
examine the diagnosticvalue of the ventilation index (VI) for pollutant dispersionin complex terrain
in southwestern Colorado. TheVlisthe product of the mixing height and transport windspeed,
usually defined as the mean wind speed in the mixed layer. The VI, oftenin theform of a Ventilation
Adjective Rating (VAR),is a standard part of fire weather forecasts issued by National Weather
Service offices across the U.S., and the VAR is used by fire managers to assess the potential for
dispersion of smoke from prescribed fires. This evaluationof the Vlin southwestern Colorado builds
uponarecentstudy of the VI and particle dispersion in less complex terrain in eastern Pennsylvania.

Thefocus of this study is a prescribed fire conducted on 10 September 2018 in the Saul’s Creek area
of the San Juan National Forestin southwestern Colorado. A suite of observations were collected
during the Saul’s Creek firein order to characterize the background meteorological conditionsand
smoke plume evolution. In this study,smoke dispersionin the vicinity of the Saul’s Creek prescribed
fire is simulated using FLEXPART-WRF, driven by meteorological outputs from Advanced Regional
Prediction System (ARPS) simulations of the background (non-fire) conditions. Before proceedingto
the evaluation of VI, meteorological output from ARPS and smoke plume predictions from
FLEXPART-WRFare compared to observations collected during thefire. Following themodel



assessment, a dense cloud of particles are released across a portion of the FLEXPART-WRF domain,
and particle behavior and VI diagnostic value are evaluated in areas of the domain with differing
terrain characteristics (e.g., plains, mountaintop, valley; ~1 km elevation change across ~30 km
distance). Results from this studyare expected to help guide the application of the VIin complex
terrain, and possibly inform developmentof new metrics for dispersion potential.

Keywords: Ventilation Index, smoke dispersion, complex terrain, wildland fire, numerical model
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Abstract: Forjust under a decade, Environment and Climate Change Canada(ECCC) has workedin
collaboration with Natural Resources Canada (NRCan) to develop comprehensive forecast modelling
capability for wildland fire smoke. This effort was driven by ECCC’s responsibility to deliver timely and
reliable information on current and forecastedair quality and weather, support response to
environmental emergencies and provide scientific data on past and projected atmospheric pollution.
Areas of application for ECCC’s smoke modelling capacity include the provision of air quality
forecasts and warnings to the public through the Air Quality Health Index (AQHI) program, the
production of smoke forecast maps, fine scale smoke dispersionsimulations for emergency
response, event-based weatherreports, and a posterioriimpact studies.



This talk will presentan overview of ECCC’s activities and services related to wildland fire smoke
modelling and examine some of the challenges and desiredfeatures that provide direction for future
development of the modelling capacity. It will also provide a status on ECCC’s engagementinto
internationalinitiatives related to vegetation fire and smoke pollution.

Keywords: Modelling, Air Quality, Health, Forecast, data services

Presenter Bio: Didier Graduated with an M.Sc. in physics at University of Montreal, with a post-
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51. Evaluation of biomass burning smoke forecasts over the Western U.S. during the FIREX-
AQ 2019 field campaign

Presenter: Pablo Saide, Assistant Professor, UCLA, saide@atmos.ucla.edu

Abstract: Biomass burningis one of the majorair pollutant sources with significant global, regional
andlocal impacts on air quality, public health, and climate. Reducing the uncertainty of biomass
burning emissions predictions is critical to improve air quality forecasts and assessments of their
various impacts. This work will show the development and application of a system to forecast smoke
applied experimentally during the NOAA/NASAFIREX-AQ(Fire Influence on Regional to Global
Environments and Air Quality) field campaign during summer 2019. A unique feature of the system is
that biomass burning emissions are constrained usinginverse modeling techniques and near-real
time satellite observations. This systemwas part of an ensemble of national and international air
quality models which were compiled during the deployment. The forecasts willbe compared to each
otherand evaluated against satellite, ground-based and airborne observations. This work will
facilitate near-real-time quantification of fire emissions and is expected to provide guidelines on how
to improve smoke predictions.

Presenter Bio: Pablo Saideis an Assistant Professorin the Department of Atmosphericand Oceanic
Sciences and in the Institute of the Environment and Sustainabilityat UCLA. He obtained his Ph.D.
degreein Civil and Environmental Engineering at the University of lowa and before joining UCLA he
was an Advance Study Program (ASP) postdoctoral fellow and a project scientist at NCAR. His field of
study isatmosphericsciences and chemistry, with afocus on regional weather and air quality
modeling, aerosol-cloud-radiation interactions, satellite remote sensing and data assimilation.



52. Air quality and aerosol predictions at NOAA/National Weather Service and their
applications

Presenter: lvanka Stajner, Deputy Director, NOAA/NWS/NCEP/ EMC, NOAA/National Weather Service,
ivanka.stajner@noaa.gov

Abstract: Operational air quality predictionsproducedby NOAA/National Weather Serviceinclude
predictions of ozone, fine particulate matter (PM2.5) and wildfire smoke for the United States and
predictions of windblowndust for the contiguous 48states. Predictionmaps are distributed at
https://airquality.weather.gov/and as aweb service at
https://idpgis.ncep.noaa.gov/arcgis/rest/services/NWS_Forecasts_Guidance_Warnings. The
Community Multiscale Air Quality (CMAQ)modeling systemused for ozone and PM2.5 predictions
was mostrecently updated in December 2018, whena unified bias-correction procedure was
introduced for these two pollutants. Wildfire smoke dispersionis operationally predicted usingthe
Hybrid Single Particle Lagrangian Integrated Trajectory Model (HYSPLIT). Wildfire smoke dispersion
is included in version 4 of the Eulerian High Resolution Rapid Refresh (HRRR) model thatis being
evaluated for operationalimplementation. One of the largest uncertainties for prediction of air
quality overthe U.S. involves specification of wildfire smoke emissions. Different smoke emission
approaches used in these systems willbe discussed.

In the spirit of integration of various operational predictionapplications into the Unified Forecast
System (https://ufscommunity.org/), NOAAis testing CMAQ predictions driven by the operational
version of the Global Forecast System (GFS) that includes the Finite-Volume Cubed-Sphere (FV3)
dynamical core since June2019. This testing is allowing us to extend ozoneand PM2.5 predictions to
72 hours (from 48 hours that operational predictions currently cover). As an additional unification
effort, globalaerosol predictions, whichinclude biomass burningaerosols, are being tested for
inclusion in one member of the Global Ensemble Forecast System (GEFS) to replace the current
standalone global aerosol prediction system. An overview of this testing will be presented.

NOAA'’s operational air quality predictions contribute to protection of lives and health in the United
States. These predictions are used by state and local air quality forecasters to issue official air quality
forecastsfortheirrespectiveareas. General publicaccesses NOAA’s hourly predictionsdirectly at
https://airquality.weather.gov/. These predictions are also used in the applications about wildfire and
health as well as in smoke vulnerability assessments led by our partners at the EPA and CDC.

Keywords: operational air quality prediction,smoke
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53. Superfog-Related Traffic Accidents in Oregon
Presenter: Rick Graw, Air Qualtiy Program Manager, USDA Forest Service, rick.graw(@usda.gov

Abstract: In thelast two years, there have been at three documented cases of smoke-related traffic
accidentsin Oregon in which visibility was reported to be less than 10 feet and superfog was
suspected as a contributing factor. Theseaccidents havealloccurredin Octoberandinthehour
preceding sunrise. Investigationsof these events documented that allthree were associated with
prescribed burns within seven miles of the accident site, with smolderingfuels overnight. Although
theaccidents varied in location from western, central, and southernOregon, allhad localized sources
of moisture, two of which were notrepresented by the spot weatherforecast. Thehourly weather
observations nearest the accident site allmet superfog criteria developed by researchers Gary
Achtemeier and Gary Curcio. PB-Piedmont was run with archivedmeteorological dataand did an
excellent jobin identifying fine-scale transport pathways of smoke and placing superfog at the
accidentsite. As such, thesuperfog meteorological criteriaand the use of PB-Piedmontcan be used
to (1) increase situationalawareness by burners,and (2) used to determine what type of traffic
controlis appropriate to protect public safety.

Keywords: superfog,smoke-related trafficaccidents, PB-Piedmont

Presenter Bio: Rick has been the air quality programmanager for the Pacific Northwest region of the
USDA Forest Service forthe past 11 years. Priorto thathewasan air quality consultantin the private
sectorfor 20 yearsbasedin Colorado and Oregon. Hehas amaster's degreein atmospheric science
from Colorado State University and abachelors degreein geography fromthe University of
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Abstract: Persistent heat anomalies, suchas those from energy extraction and industrial sites,
produce confusion in satellite fire detection data. These misidentified fires can skew estimations of
atmosphericpollutantsand complicate source attribution. Accurate informationabout fire emissions
is critical for assessing theimpacts of air pollution on the rapidly changing Arctic. In this
presentation, we explore multiple methods for the identification of non-biomass buming detections
from 375 m Visible Infrared Imaging Radiometer Suite (VIIRS) VNP14IMGTDL_NRT active fire product
satellite data from NASA's Fire Information for Resource Management System (FIRMS) and evaluate
theimpact of these non-vegetatedthermal sources on fire emission calculationsin high northern
latitudes with a particular emphasis on short-lived climate forcers.
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Abstract: Wildfires are an ongoing threatin California as they can adversely affect air quality and lead
to loss of property and life. Many of the intense wildfires in Northern California, such as the Oakland
Hills fire in 1991, the Wine Country firein 2017, and the Campfirein 2018, have been linked to the
occurrences of Diablo Winds (DWs). Ourrecent study (Liu et al. 2019, in submission) finds an
increasing long-termtrend in occurrences of DWs and extreme DWs over the past four decades, with
a greaterincreasesince 1995. In addition, the onset of extreme DWs has shifted from November to
Octobersince 1995. This study is an extension of Liu et al. (2019) with the following objectives: 1)
investigate whether theincreasing long-termtrend andearlier occurrence of DWs are attributed to
anthropogenic climate change or to natural variability,and 2) project future DWs under different
climate change scenarios. Thefirst objective will be achieved by comparing the climate simulations
between the actual historical (anthropogenic + natural) and natural (pre-industrial) conditions from
1996 to 2015. The second objective willbe conducted by observing future scenarios assuming global
temperatureincreases of 1.5 Coand 2.0 Co, respectively. Data used in this study are obtained from
the Climate of the 20th Century Plus Detection and Attribution project (C20C + D&A).

Presenter Bio: Dr. Yi-Chin Liu is an air pollution specialist at California Air Resources Board. Her work
includes conducting regional air quality and toxics modeling for useinidentifyingimpact on
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Abstract: Climate experts and natural resource managers generally agree wildfires will occur with
greater frequency and intensityin California and pose significant risks for many of the state’s
winegrowingregions.Oneriskis the potential for persistent exposure to smoke to compromise the
quality and value of winegrapes andadversely affect wines made from smoke exposed grapes. A
wineis seen as smokeimpacted or tainted when thereis an overpowering smoky, medicinal,
chemical, burnt or ashy aroma on thenose and a distinctiveretronasal ash tray-like characterin the
mouth. Several solutionsfor smoke taint have been promoted such as treatment with enzymatic
enzymes, fining, reverse-osmosis andspinning cone treatments. In this study the different
amelioration techniqueswere investigated using smoke impacted wines made from Cabernet
Sauvignon grapes from Napa and Lake Counties (UC DavisTeaching and Research Winery). The
impact on wine composition (smoke taint marker compounds as well as other key volatileand non-
volatile compoundsimportant for wine quality) andits sensorial characteristics were evaluated to
determineits effectiveness. Additionally, the impact of the wine matrix on smoke taint expression
were studied. Results indicated that althoughmost ameliorationtechniques removedsome smoke
taint markers and decreased smoke taint perception, it lacked specificity and impacted the overall
quality of the wine. Itis also difficult to predict smoke taint characteristics from smoke taint markers
alone dueto thesignificantimpact of the wine matrix. In conclusion, amelioration techniquesare not
100% fixes of smoke taint but can significantly decrease smoke taint perception and withfurther
research recommendationcan potentially be made to the feasibility of treatment success based on
the wine matrix so that winemakers can make informed decisions.
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Abstract: The number of extreme fires and air quality associated with fires near sourceand
downwind regions has been on therisein therecent years dueto favorable conditions such as
drought, especially in the western United States (U.S.). Whilefireskillpeopleand destroy property,
smoke from fires is very harmful to humanhealth exacerbating common cardiovascular/respiratory



diseases such asasthma. Thereisalongrecord of fire and smoke observationsfrom satellites
including the new next generation satellite Suomi National Polar Partnership Program (SNPP)
satellite jointly launched by NASA and NOAA in November 2011. The Visible Infrared Imaging
Radiometer Suite (VIIRS) on SNPP observes fires at two different high resolutions(375mand 750m)
and smoke aerosolat 7som resolution. For this study,we used 750mresolutionfireand smoke
aerosol products. Seven years of VIIRS fire data were analyzed to identify inter-annual variations and
rise in fire activity. Intandem to fire data, seven years of VIIRS smoke maskand surface PM2.5
(particulate matter for particles < 2.5 um median diameter)were also analyzed. Analysis shows that
significantinter-annual variability in fire intensity/countsoccurs with peak fire activity being in July
and August each year; certain years (2013and 2014) showed low fire activity. Trendsin surface
PM2.5 datain areas such as California show similar trend as that of fire activity. This analysisshows
that, as EPA has combated and reduced urban/industrial pollution over thelast two decades,
pollution due to smoke from fires violates PM2.5 standard. Measuresto combat poor air quality due
to smoke from fires does not exist. Currently,the mostviable precautionaryoptionistowarnthe
publicto stay indoors when smoke from fires reaches populated rural, exo-urban, suburban, and
urbanregions.
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Abstract: The significantincreasing trend in frequency andseverity of wildfires in the western U.S.
has created serious concerns for human health andclimate change. Recent extensivefires (e.g., the
Camp Fireand the Woolsey Fire) have exposed millions of Californians to high levels of air pollution.
Increasing evidence documents exacerbations of asthma and chronic obstructive pulmonary disease
from such exposures. Epidemiological research has foundthat the dramaticallyincreased ambient
levels of wildfire-induced air pollution (WIAP) are associated with increased respiratoryand
cardiovascularrisks, as wellas mortality, in populations living near or downwind of wildfires,
particularly in disadvantaged communities. The health outcomes potentiallyinduced by wildfire
smoke exposure can lead to substantial economic costs. Each yearin California alone, costs
associated with fire suppression exceed $0.5 billion, insurance costs associated with wildfires
approach $1billion, health-related costs exceed $1billion, and potential economic costs from existing
social-cost-of-CO2 estimates exceed $0.5 billion. These costs have beenincreasing in thelast 30 years
and areboundto surge even more dueto climate change. Wildfires are becoming an existential
threat to the well-being of the U.S. population, with WIAP as one of the most severe contributorsto



economicand lifelosses. Therefore, additional research to assess and mitigate WIAP effects on
human health is vital.

This paper briefly presents the research plan of a multi-/interdisciplinary project recently awardedby
the UC Office of the President through the UC Laboratory Fees Research Program to develop a state-
of-the-art scalable framework for assessment and mitigation of WIAP under changing climate
conditions. This project willintegrate and advance five different wildfire-relatedresearch areas: (1)
modeling and forecasting wildfire risk underclimate change; (2) wildfire emissionand air quality
prediction; (3) wildfire smoke health effects assessment; (4) development of wildfire mitigation
strategies; and (5) scientific visualization of WIAP data. This collaborative project willinvolve
researchers at UC Davis, UC Merced, UCIrvine, UC Los Angeles, UCBerkeley, Lawrence Livermore
National Lab, and Los Alamos National Lab, as well as external collaborators at EPRI, USFS, and
NASA.
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Abstract: The Fire and Smoke Model Evaluation Experiment (FASMEE) is a large-scale multi-agency
effort to identify and collect critical measurements that will be used to advance wildland fire science
and fire/smoke modeling capabilities allowing managers to increase the use of managed fire
(https://sites.google.com/firenet.gov/fasmee/). FASMEE is partitioned into three phases: 1) analysis
and planning process, 2) implementation of data collection during 3 campaignsincludingthe westem
wildfire campaign, southwest, and southeast campaign, and 3) analysis and future improvements.



FASMEE leverages several agency resources including Joint Fire Science Program and USDA Forest
Service funds, and ongoing projects including the Nationaland Oceanicand Atmospheric
Administration(NOAA) and National Aeronautics and Space Administration (NASA) FIREX-AQeffort,
National Science Foundation (NSF) WE-CAN and BB-FLUX study, and the Rx Fire Science Consortium,
and Department of Defense Strategic Environmental Research and Development Program. This
collaborative effort will facilitate integration of datasets across the entire fireand smoke
management continuumfrom fuels, fire behavior, plume dynamics, smoke production, smoke
transport/chemistry, and fire effects. FASMEE is aimed at advancing operational modeling systems in
usetoday as well as the next generation of modeling systems expected to become operationally
usefulin the next 5to 10 years. This special session will provide an overview of the Project with 8-10
presentations that cover thelatest data collected during the Western Wildfireand Southwest data
collection campaigns.

Keywords: Smoke, fuel, fuel consumption, fire behavior, plume, wildfire source characterization, fire
models, FASMEE

Presenter Bio: Roger Ottmaris a Research Forester with the Fireand Environmental Research
Applications Team, Pacific Northwest Research Stationat the Pacific Wildland Fire Sciences
Laboratory located in Seattle, Washington. During his career he has been involved with fuel, fire, and
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62. Fire And Smoke Model Evaluation Experiment(FASMEE)--Overview of the Project

Presenter: Roger Ottmar, Research Forester, USDA Forest Service, PNW Research Station,
roger.ottmar@usda.gov

Abstract: This presentation is part of a special session entitled “The Fire and Smoke Model Evaluation
Experiment (FASMEE)”. The Fireand Smoke Model Evaluation Experiment (FASMEE) s a large-scale
multi-agency effort to identify and collect criticalmeasurements that willbe used to advance
wildland fire science and smoke modeling capabilities allowingmanagersto increase the use of
managed fire. FASMEE is partitioned into three phases including 1) analysis and planning process, 2)
implementation of data collection during 3 campaigns including the western wildfire campaign,
southwest, and southeast campaign, and 3) analysisand futureimprovements. FASMEE leverages
severalagency resources and Joint Fire Science Program (JFSP) and USDA Forest Service funds, and
ongoing projects including the Nationaland Oceanicand Atmospheric Administration (NOAA) and
National Aeronautics and Space Administration (NASA) FIREX-AQeffort, National Science
Foundation (NSF) WE-CAN study, Prescribed Fire Science Consortium, and Department of Defense
Strategic Environmental Researchand Development Program (SERDP). This collaborative effort,
with over 70 scientists participating and a planning and logistic team broughtin from Tall Timbers
Research Station, will facilitate integration of data across the entire smoke management continuum
from fuels, fire behavior, plume dynamics, smoke production, smoke transport/chemistry, and fire
effects. All data willbe made available to scientists and managers froman open datarepository.
FASMEEis aimed at advancing operational modeling systems in use today as well as the next
generation of modeling systemsexpected to become operationally usefulin the next 5 to 10 years.
This presentation will provide an overview of FASMEE that willinclude how we got started,
collaborators, analysis and planning, data collection, and future direction.



Keywords: Smoke, fuel, fuel consumption, fire behavior, fire energy, plume, wildland fire source
characterization, fire models, FASMEE

Presenter Bio: Roger Ottmaris a Research Forester with the Fire and Environmental Research
Applications Team, Pacific Northwest Research Stationat the Pacific Wildland Fire Sciences
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Abstract: The JFSP-funded Western Wildfire Campaign (WWC) of the Fire And Smoke Modeling
Evaluation Experiment (FASMEE) s characterizing source fuels burned on 2018 and 2019 western
wildfires, selected for airborne emissions sampling by two NSF-funded projects (WE-CAN and BB-
FLUX)in 2018 and by the NOAA/NASA-funded FIREX-AQprojectin 2019. Emissionswere sampled by
airborneinstruments mountedon the C-130 (WE-CAN), King Air (BB-FLUX), and DC-8 (FIREX-AQ)
aircrafts that flew through the smoke plumes. Our objective was to predict fuelloads by fuel type
both pre-and post-fire and to estimate consumptionto reduce these largest sources of uncertainty
in emissions. We test three approaches for estimating fuel consumption: 1) amodel-based approach
based on moderate-resolution (30 m) satelliteimage-derived LANDFIRE maps of fuelbeds, as defined
in the Fuel Characteristic Classification System (FCCS),and burned with CONSUME;2) ground-based
fuelbed measurements, sampled inside and outside the fire perimeter to represent post-fire and pre-
fire conditions, respectively, withinthe major FCCS types that burned; 3) maps of pre-and post-fire
fuelloads predicted empirically from pre- and post-fire airbomellidar, using as the response variable
the plot-based observations of burnedand unburned fuels. To date, we have complete datasets
from three wildfiresin 2018 (n=2) and 2019 (n=1). Preliminaryresults indicate that repeat lidar
collections are best suited for refined estimates of overstory canopy consumption, with declining
sensitivity to consumption of understory, surface, andground fuels (in that order). Field
measurements of all fuel components, especially of duff, will remain critical for calibrating and
validating model-based estimates either with or without the fine-scale fuel structure information
captured with lidar. Fireradiative energy estimates derived fromactive fire thermalimagery provide



an alternative, independent methodto estimate consumption, which we explore on the 2019
Williams Flats Fire sampled by FIREX-AQ.

Keywords: Emissions, fuel,fuel consumption, fuel sampling, lidar, wildfire source characterization

Presenter Bio: Andrew Hudak got his B.S. and Ph.D.degrees in Ecology from the University of
Minnesota and the University of Colorado, respectively. He began work forthe U.S. Forest Service as
a postdoctoral Research Ecologist with the Pacific Northwest Research Station and since 2001 works
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relationships between field and remotely sensed data collected at landscape to regional scales,
including predicting aboveground biomass carbonfrom lidar and Landsat time series, predicting
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effects.
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Abstract: Time-resolved radiation, convection heat fluxand near groundflow data sets were
collected in full scale managementignited crown fires. Comparing3 s averaged totaland radiant
heat fluxes at sensorlocations suggeststhat radiant energy decays more slowly than convective
heating with distance from the flamefront. Generally, 3 s averaged total fluxesincident on sensor
vary from 130 60 kW/m”2. Measured fireradiant heat fluxes varyfrom 80 to 30 kW/m#2. Convective
energy fluxes can beroughly estimate from difference between total and radiant heatingand varied
from 160 to 15 kW/m”2. This fire was subject to very strong winds andthe dataindicate that
convective heating dominated the energy transport. Flameresidence times were on the order of 30-
50s. Vertical flow velocities in the flames reached 42 m/s with proportional downwardflow of 45
m/s. Horizontal flow in the flames in the direction of flame travelreached 42 m/s with reverse flow
ashighas2om/s.

Keywords: Direct measurement of fire intensity
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65. Wildland fire emissions and atmospheric measurements from unmanned aircraft
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Abstract: FASMEE represents the first coordinated, multidiscipline prescribedforest burn to feature
atmosphericmeasurements and emission sampling usingunmanned aircraft systems(UAS). These
UAS platforms provide logistical flexibility, safety,and the ability to collect data from previously
inaccessiblelocations above and around wildland fires. These capabilities provided investigators with
the opportunity to measure smoke plume emissionsand airborne weather. We will describe UAS
operations for FASMEE and provide some early results from emissionssampling and the analysis of
viable airborne microbes observed in the 2019 campaign. We also will describe future plans and some
of the ways these measurements willinfluence future airborne wildland fire campaigns.

Keywords: unmanned aircraft,drone,airborne measurement, smoke, FASMEE

Presenter Bio: Dr. Adam Watts leads DRI’s node of the Nevada UAS Test Site, and also is the UAS
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Ecologist and Certified Wildland Practitioner, and he has previously served on the Board of Directors
and as Treasurer for the Association for Fire Ecology. His recent research and project work has
included interactions between fire and hydrology, climate and human-health impacts of emissions
from wildfires in the Western USA and in tropical and boreal peatlands, UAS program designfor
publicagencies and private-sector organizations, andthe development of UAS-mountedsensors for
real-timeair-quality measurementsand gas sample collection and chemical analysis.

66. Microbial Emissions affect Biodiversity and Ice Nucleation Potential in FASMEE Smoke
Plumes

Presenter: Leda Kobziar, Associate Clinical Professor, University of Idaho, Ikobziar@uidaho.edu

Additional Author(s):

David Vuono, Research Assistant Professorin the Colorado School of Mines, dvuono@gmail.com
Rachel Moore, PhD Candidate, University of Florida, rkohn2 @ufl.edu

Brent Christner, Associate Professor, University of Florida, xner@ufl.edu

Adam Watts, Associate Research Professor, adam.watts@dri.edu



Brian Gullet, Senior Research Engineer, Gullett.brian@epa.gov

Johanna Aurell, Senior Environmental Research Scientist, Aurell.johanna@epa.gov
Adam Kochanski (Univ. Utah)

Doris Betancourt (EPA)

Timothy Dean (EPA)

Abstract: Smoke from biomass burning has been extensivelyresearched to determineits chemical
and physical properties, while the biological component of smoke has largely been overlooked. We
conducted a series of studies across ecosystems,in acombustionlaboratory, andduringarecent
high-intensity experimental crown fire as part of the Fireand Smoke Model Evaluation Experiment
(FASMEE). Ourresearch reveals that unique assemblages and high concentrations of
microorganisms fromsoils, plant surfaces, and withinboth livingand dead vegetation are
aerosolized during both low- and high-intensity wildland fires, with 70-80% of cells viable. This
represents a newly identified mechanismfor microorganism emissions and transport with global
implications for biodiversity. In addition, ice nucleation activity in smoke, predominantly associated
with these bioaerosols, is 2- to 6-fold that of air without smoke, suggestinga potential rolein
pyrocumulonimbus cloud formationand weather. This discoveryalso implies that research on
biomass smoke-relatedhumanhealth impacts should consider theliving, disease-causing organisms
thatare concentrated in the smoke. We will discuss both theresults and the variety of implications
of this new line of research.

Keywords: pyroaerobiology, smoke emissions, microbes, ice nucleation
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Abstract: The 2019 Williams Flats Fire wasimaged by instrumentson the NASA DC-8 and ER-2 sensing
platforms for the NOAA-NASA FIREX-AQ campaignand the JFSP-funded Western Wildfire Campaign
(WWCQ) of the Fire and Smoke Modeling Evaluation Experiment (FASMEE). These platforms, along
with satellites, collected a range of data on three daysin early August, 2019 (August 6, 7,and 8)
during the active flaming stage of theincident. On-board the NASA DC-8 was MASTER, while the
NASA ER-2 housed eMAS, HyTES, and AVIRIS-C, and other relevant instruments each of which
collected dataforstudying the thermal properties of fire and the surroundinglandscape. Relevant
satellite data collected during this 3-daywindowwere VIIRS, MODIS, and ECOSTRESS. These data are
valuable for studying the thermal properties of this fire event, and can be used to assess both active
fire and a variety of fire effects. Our objectives for this study is to review the available data and
assess the utility of this airborne and spaceborne thermal sensing data for describingactive fireand
predicting fire effects. Applications to be studied include: (1) fire location and timing, which can be
used in coordination with the fuels data to pinpoint the type and status of fuels burned; (2) fire
powerand energy, which can provide informationon fireintensity, fuel consumption,and soil
heating; and (3) flaming vs. smoldering mapping, a characteristics of wildland fires which is normally
elusive to map, butmay be achieved with the wealth of data collected over this site. The
presentation willreview the data used, the value of these data, and some preliminary analysis
results.

Keywords: Remote sensing,active fire thermal sensing, fire radiative energy (FRE), fire effects
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Abstract: The growing air quality, health,and safety concerns associated with wildland fire emissions
generate anincreasing need for modeling tools that could assistin the assessment of air quality
impacts of prescribed burns and wildfires. In the attempt to provide critical data needed forrigorous
evaluation of the currently used models as well as the development and validation of the next-
generation models, a set of experimental burns hasbeen conducted as a part of the Fireand Smoke
Evaluation Experiment. In this paper, we present modeling activities utilizing the coupled fire-
atmosphere model WRF-SFIRE performed to help with the experimental planningand the execution
of the actualburns.

The planning support consisted of an objective analysis of the historical weather observations, that
allowed to identify the most typical historical days meeting the burn criteria. In the next step
numerical simulations of the prescribed burns were conducted for these days, to assess the
effectiveness of sensor placementin the context of most likely weather conditions and smoke
dispersion.

Operational support encompassed two aspects. Targeted high-resolution numerical weather
forecasts forthe burn units, run daily to support go-no-go decisions and, the coupled fire-
atmosphere-smoke forecasts executed right before the burn.

In this presentation, we describe the method including the prototype of the automated coupled fire-
atmosphere-smoke forecasting framework wrfxpy and present the results of the simulations
performed in support of the experimental burns conducted in the Fishlake National Forestin Spring
and Fall2019.

Keywords: FASMEE, smoke modeling, WRF-SFIRE, WRF-SFIRE-CHEM, wrfxpy, plume dynamics,
plumerise
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Abstract: This proposed "Special Session" willinclude multiple presentations from fire and air quality
representatives, who are partnering with the North Carolina Prescribed Fire Council to showcase the
successful collaboration among stakeholdersin the southeast for dealing withsmoke. Oneof the
primary goals of this session is highlight the successful southeast regional approach, in the hopes
thatit can expand nationally and eveninternationally. In 2013, the U.S. EPA partnered with the Jones
Centerat Ichauway to bring together State Fire/Forestryand Air Quality representativesfrom eight
southeast states ata“Southeast Fire and Air Quality Summit.” Thefocus of this summit was to
enhance collaboration and communicationbetween the fire and air quality communitiesfor
addressing smoke managementissues. Three additional Summits have been heldin 2015,2017 and
2019. Thepartnershipsthathave developed out of these Summits have improvedsmoke
management and have continued to foster theincreased use of prescribed fire that is critical in
combating theloss of species diversity and the growing threat of wildfires. An excellent example of
the outcomes from the Southeast Summitsis the enhanced collaboration between state forestry and
air quality personnelin North Carolina whichresulted in significantimprovements to their State
Smoke Management Program. The session will highlight how State Smoke Management Programs
can be the solution toincreasing the use of prescribed fire as aresource managementtool.

Keywords: Smoke Management, Prescribed Fire, Air Quality, Collaboration

Presenter Bio: Rick Gillam is an environmental engineer working with the U.S. EPA in Atlanta,
Georgia. Hehasbeen with EPAfor27 years, including 19 years of experiencein air quality modeling.
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70. Confronting the Issues Air Quality and Wildland Smoke In South Carolina

Presenter: Darryl Jones, Forest Protection Chief, South CarolinaForestry Commission,
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Abstract: Prescribed fireis a very common across the southeast, especially during early spring. In
South Carolina, smoke from more than350 prescribed fires and wildfires per day is not uncommon,
and air quality concerns frequently arise. Beginningin 2009, the SC Forestry Commissionand SC
Department of Health & Environmental Control, who jointlyadminister the state Smoke
Management Guidelines, began providing cross-training to ensure that staff in both agencies were



aware of prescribed fire methods, air quality monitoring, regulations, and smoke management plans
in the state. Thetwo agencies worked together to develop educational materials, guidance for
agency staff, and to provide opportunities for air quality personnel to view and participatein
prescribed burns. In2013,the SCFCand the SC DHEC convened a group of burning practitioners, air
quality specialists, homeownersthat live adjacent to landscapes managed, by fire, and citizens with
respiratory issues that had concerns about smoke impacts. The South Carolina PrescribedFire & Air
Quality Working Group began meeting, creating amoderated forumwhere prescribed fire managers,
local citizens, local governmentrepresentatives, and state agencies could discuss air quality impacts,
smoke management practices, and public notificationmethods. The work of this group, and similar
effortsin nearby southeasternstates, has greatlyimproved the understanding of the natural role of
fire onthelandscape.
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Abstract: Many surveys haveidentified challenges that fire managers and landowners facerelated to
prescribed fireusein the United States. Althoughinformative, these surveys do notaddress the
challenges state agencies navigate in managingfire programs. In particular, it is often overlooked
thatthe states are actually responsible for administering prescribedfire use. States operate
independently to develop policy and regulationsthat work for their own interests; as aresult,
prescribed fire programs differ greatly by stateand region. In 2013, state forestry and environmental
protection agencies from eight southernstates, as well as the U.S. Environmental Protection Agency,
convened afirst of its kind forum to discussissues and concernsrelated to prescribed fire, smoke
management, and air quality. The result was the identification of prescribed fire coordination needs,
at amulti-state scale, that benefit both the southeast regionand individual states. The outgrowth of
theinaugural meeting has been the development of the “Southeast Prescribed Fire and Air Quality
Workgroup.” The workgroup’sprimary goalis to foster collaborative efforts to support andincrease
theappropriate use of prescribed fire as a naturalresource management tool to enhance forest
health and publichealth and safety.
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Abstract: Fire has been an important processin North Carolina’s forests for millennia. Inthelatter
half of the 20th century, forestry professionals beganto realize that burning of the forestsin a
controlled manner producedmanybenefits. Land clearing operationsand other controlled burning
impacted populated areas for extended periods. Concerns aboutsmoke effect on health and
roadway visibility became evident, and voluntary smoke management guidelines basedon the
conservative Ventilation Index System (VIS) wereimplemented. By the 90s, the populationof the
state was increasing dramatically, especially in the Wildland Urban Interface (WUI). Lawsuits and
tort claims against prescribed burners threatenedto severely curtail the practice. The NC Legislature
passed the Prescribed Burning Actin 1999 to give liability relief for off-site smoke effects to Certified
Burners who followed the guidelines. Atthe same time, computerized smoke models werebeing
refined. Severalresearch burns were conducted usingsmoke modeling, demonstrating that smoke
could be properly managedfrom some burnsthat would not have been allowed under VIS.
Therefore, Atmospheric Dispersion Modeling (ADM) along with VIS,are now part of a
comprehensive Smoke Management Program (SMP). The use of ADM within the SMP has increased
the number of allowable burning days, increased treated acreage and maintained the liability
protection forall burners within the NC Prescribed Burning Act.
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73. Collaboration Between Agencies for Protection of Air Quality in North Carolina
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Abstract: Air pollution associated with open burningin North Carolinais regulated by the
Department of Environmental Quality/Division of Air Quality (NCDAQ) under its open burningrule
(Title 15a North Carolina Administrative Code (NCAC) 2D .1900). Therule provides for prescribed
burning of forest and agricultural lands to be conducted without an air quality permit. The state
relies on the North Carolina Department of Agriculture and Consumer Services (NCDA&CS) and
North Carolina Forest Service (NCFS) to manage theimpacts of smoke from prescribed buming on
air quality. To enhance and reaffirmunderstanding and advance agency goals, the agencies jointly
developed amemorandum of understanding (MOU)in 2009 which was updatedin 2017. Theintent
of the MOU is to reduce air pollution resulting from the open burning of combustible materials, but
not affect the authority of the NCDA&CS and NCFS to use open burning as an acceptable agricultural
or apicultural practice for disease and pest control or an acceptable land management practice. The
MOU sets forth the principles of the working relationship between the agencies by definingroles
andresponsibilities for enforcement, cross-training, and communication and outreach to the public.
This modelhas worked well for the agencies and provides aframeworkforon-goingsuccessin
supporting the goals of each agency.
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Abstract: Recentadvancesin the science of prescribed fire have resulted in enhanced fire behavior
modeling, smoke modeling, andimproved understanding of fire-atmosphericinteractions that will



collectively advance the safe and effective application of prescribed fire. Inanincreasingly complex
landscape, being able to apply these advances to predict both fire behavior and smoke dispersion
are critical for sustaining the use of prescribed burning in rapidly urbanizing areas. This presentation
demonstrates the application of two models, FIRETEC and QUIC-Fire, to predict prescribed fire
behaviorand smoke outcomes from differentignition patterns. Both tools apply 1-5 m 3D depictions
of vegetation that allow for the coupling of fire-atmospheric feedbacks. These feedbacksare critical
to model projections of fire behavior and resulting near-field plumerise. Applying these advances to
management has leveraged a novel partnership called the Prescribed Fire Science Consortium. This
collaborationis an effort to link researchers and managersthrougha process of co-production.
Managers throughout the countryhave been engaged fromthe outset of tool development,
resulting in training products, new research ventures, and effective beta-testing of model
performance.
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Abstract: On 12 August 2017a cluster of pyrocumulonimbus (pyroCb) stormserupted in Washington
state (USA) and British Columbia (Canada). It has already been established that the resultant
stratospheric smoke plume was unprecedented in the satellite era (since 1979). However, to date,
this Pacific Northwest pyroCb event (PNPE) has not been thoroughly quantified in amanner that
establishesits sourceterminrelation to otherbig pyroCb events. We use an assortment of space-
and ground-basedremote sensingto characterize the number of pyroCbs, eruptiontimeline, initial
stratospheric perturbation, plume height and transportin the first five days after the eruption event.
We also compare the metrics we establish for the PNPE with other notable pyroCb events, such as
Norman Wells (Northwest Territories Canada, August 1998), Chisholm (Alberta Canada, May 2001),
Canberra (Australian Capital Territory, January 2003), Great Divide (Victoria Australia, December
2006), Black Saturday (Victoria Australia, February 2009),and Great Slave Lake (Northwest



Territories, Canada, August 2014). We find that with respect to UV absorbing aerosolindex--a
trustworthy signal of optically dense and high-altitude smoke and ash plumes-the PNPE stood out
strongly from all other pyroCb events, even though plume height and optical depth were not
unusual. Wealso report that, like the other pyroCb cases listed, the pyroconvective pathway fully
explains the source term forthe noteworthy andunprecedented plume observedaroundthe
Northern Hemisphere stratosphere for several months.
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Abstract: Biomass burning emissions are a complex mixture of gases and particles that can vary
rapidly over short spatial and temporal scales, and this variability can be difficult to capture using in
situ measurements. Columnmeasurements alongthe direct solar beam integrate over the vertical
variability, and when made from an airborne platform can be used to determine mass fluxes on the
scale of a wildfire. Additionally, column enhancement ratios for many chemically important trace
gases can be calculated and compared to in situ enhancement ratios to assess plume
inhomogeneities and calibrationfactors. In this work we present measurements fromthe Biomass
Burning Flux Measurements of Trace Gases and Aerosols (BB-FLUX) campaignthat was conductedin
the northwest United States during the summer of 2018. The University of Colorado Solar
Occultation Flux (CU SOF) instrument was used to quantify vertical column densities, emissionfluxes
and enhancementratios of infrared absorbing trace gases from wildfires including but not limited to
CO, NH3, C2H4, C2H6,HCN, PAN, and HCHO, while the CU Zenith Sky Differential Optical Absorption
Spectroscopy instrument measured slant column densities of several relevant species not easily
accessible inthe IR such as HONO and NO2. Measurementsof fluxes from fire with a variety of fuel
types, locations, and fire intensities will be presented, along with comparisons to in situ emission
ratios measured duringthe 2018 WE-CAN project.
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Abstract: Wildfires are a significant source of fine particulate matter (PM2.5, particles with an
aerodynamicdiametersmaller than 2.5 pm)in North America. Exposure to smoke PM2.5 is
associated with many negative health impacts; thus, itisimportant for communitiesand individuals
to know what their exposurelevels are during wildfire smoke events. However, wildfire smoke often
occursin regions with sparse surface monitoring. Thus, there s great potential for using lower-cost
sensors to fill monitoring gaps in these regions.



Theaerosolmass and optical depth (AMOD) device was developed in order to be deployed by citizen
scientists to measure both PM2.5and aerosol optical depth. These lower-cost, portableinstruments
havebeen deployed by citizen scientists in Denverand northern Colorado to measure local air
quality, and several smoke events were captured by our AMODs in 2018 and2019.

In this presentation, | will discuss the design of the AMOD and show measurement results from
several of these smoke events. In addition, | will discuss the development of (1) our mobile
application that allows citizen scientists to easily interact with the AMOD and (2) our website, which
allows for real-time viewing of measurement data. Both components are crucial for a successful
citizen-based monitoring network. Finally, [ willdiscuss our plans to deploy these instrumentsin
other smoke-impactedregions.
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Abstract: NOAA/NASA FIREX-AQ(Fire Influence on Regional and Global Environment Experiment)
broughttogether hundreds of scientists fromaroundthe world to obtain detailed measurements of
trace gas and aerosol emissions from wildfires and prescribed fires fromaircraft, satellites and
ground-based instruments. The goal was to understand howfuel and fire conditions at the point of
ignition influence the chemistry of smoke, whatconditions control therise of smoke plumes, what
happenstosmokeasitis distributed in theatmosphere,and how does the chemical transformation
of smokeimpactair quality, and to alesser degree weather, downwind. Finally, lessonslearned from
FIREX-AQwillbe used to assess and improve the effectiveness of satellites for estimating the
emissions from wildfires and prescribed burns. (http://www.esrl.noaa.gov/csd/projects/firex/)

In this presentation we will present an overview and first results from the wildfire portion of the
FIREX-AQresearch effort. The measurements were centered in Boise, ID and included the NASA DC-
8, the NASA ER-2, two NOAA Twin Otter aircraft, two mobile laboratories, and ground site
measurements, together with modeling forecasts andanalysis for fire, fuels and air quality.



The NASA DC-8 flew 14 different wildfires with remote and in-situ data collection; some fires were
sampled on multiple days. In addition, the DC-8 sampleda PyroCb, encountered nighttime smoke,
oneday old smoke, and smoke from different fuels such as grass and timber. The various FIREX-AQ
aircraftand mobile laboratories coordinated on several flights. The flightswere designed to be able
to measure the emissions of trace gases and aerosols with multiple close in transects and capture
the chemical transformation of these emissions in downwind transect. The emissions are linked to
thefuels consumed and fireradiative power by overflights of the fire and smoke plume using remote
sensing instrumentation. First results on all these topics will be presented.

Keywords: Smoke measurements during FIREX-AQ
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Abstract: The Fire Influence on Regional to Global Environments and Air Quality (FIREX-AQ) was a
comprehensive investigationon theimpact of wildfire and biomass smoke on air quality and weather
in the continental United States. Itinvolved scientists from NOAA, NASA and more than 40 partners
to explorethe chemistry and fate of trace gases and aerosols in smoke with instrumentedairplanes,
satellites, UAVs and ground-based instrumentationin the northwesternand southeasternU.S. during
the summer of 2019. One measurement platform, the NOAA-CHEM Twin Otter, was deployed to
Boise, ID and Cedar City, UTin August and early September for detailed emissions, near-field
photochemistryand nighttime chemistryin coordination with ground-based and other mobile
research platforms. The NOAA-CHEM Twin Otter focused on the variability of the emissions
measured close to several wildfires for extended time periods, the fast evolution of smokein the
first few hours after emission, and the vertical distributionin the concentration,compositionand
optical properties of smokeinimpacted western areas. Here we provide an overview of the scientific
goals, instrumentation, measurement strategy, and initial results fromthis aircraft.
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Presenter Bio: Dr. Middlebrookis a Research Chemistat NOAA's Earth System Research Laboratory
(ESRL)in Boulder, Colorado. Her principle research interest is the chemical measurement of
atmosphericaerosols to advance the understanding of their formation, chemical transformations
andtransportin theatmosphere,and theimpact of these aerosols on air quality and climate. She has
participated in several NOAA ground-based and airborne field programs and was part of the NOAA
CHEM Twin Otter team forthe 2019 FIREX-AQ study.



81. Ceilometers and other tools for determining vertical distributions of smoke

Presenter: Phil Swartzendruber, Air Resource Specialist, Puget Sound Clean Air Agency,
phils@pscleanair.gov

Additional Author(s):
Joel Creswell, Air Resource Specialist, Puget Sound Clean Air Agency,
Erik Sagani¢, eriks@pscleanair.gov

Abstract: Wildfire smoke forecasting remainsa challenge. Development of smoke modelsis still in
its early stages and is often highly inaccurate. Air quality monitors provide surface concentrations,
only describing avery small percentage of the overall smoke depth. Satellites can track smoke
plumes, but mostly provide vertically integratedmeasurements, telling us little about how smokeis
distributed throughout the air column.

The Puget Sound Clean Air Agency uses a ceilometer and vertical profile modeling to measure and
predict the vertical distribution of smoke within its jurisdiction (in western Washington State). These
three-dimensional tools, in addition to air quality monitoring and satellite observations, enable us to
better predict plume height, smoke exposure,and plume transport. These tools arealso more
suitable for further smoke model development andverification. We propose a network of
ceilometers throughout the western U.S. for smoke tracking. Such a network could potentially be
achievable using currently-deployed ceilometers operating at hundreds of ASOS airport weather
stations across the country, if they were to be configured to release a data stream tailored to smoke
monitoring.
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Abstract: During the summer andfall of 2013, the Department of Energy’s Atmospheric Radiation
Measurement (ARM) program sponsoredan aircraft study to investigate the near source evolution



(< 5 hrs) of BB aerosol particles. This field campaign, known as BBOP (Biomass Burning Observation
Project), represented the first time that near source evolution of BB aerosol particles was exclusively
targeted with research aircraft. This campaign is providing new insightsinto this under-investigated
subject. Forinstance, modeling calculations, used to explore the impacts of these events, are often
based on BB emission inventories derivedfrom laboratory experiments due to the severe paucity of
field measurements and the complexity of the emissions.However, results from BBOP indicate that
BB aerosolsundergo very rapid changes in their chemical, microphysical, and optical properties near
the sourceand these changes may not be fully capturedinlaboratory studies. | will present findings
on the formation and near source evolution of changes in BB aerosol chemical, microphysical, and
optical properties.
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Abstract: Remote sensing playsa vitalrolein monitoring fire activity and smoke trajectories. Smoke
is frequently detected by weatherradarand geostationary satellites. The newest satellites, including
Himawari-8, GOES-16,and GOES-17,even offer data productsto detect and characterize fire and
smoke, helping first responders rapidly react to fire events. The addition of lightning data provides
additional benefits to thoseresponding to fire events. Lightningis a significant threat to firefighting
efforts, with the potential to injure orkill first responders and start new fires. We review two
pyrogeneticlightning events torevealhow regional and global lightning detectionnetworkscan be
used to monitor the behavior of smoke plumes.

The Mallard Fire was triggered by lightning on 8 May 2018. Extreme fire behavior on 11 May 2018
resultedinlightning in the smoke plume and triggered additional small fires. A severe thunderstorm
eventually developed from the pyrocumulonimbus and produced large hail. The National Lightning
Detection Network detected nearly 6000 lightning eventsin the smoke plumeand severe
thunderstorm.

Australia has seen a spate of extreme fire behaviorinrecent years, frequently resultingin
pyrocumulonimbus and pyrogenetic lightning. The January 2013 Wambelong firein New South
Wales, Australia, was theimpetus forincreased monitoring of these type of events. The Global
Lightning Dataset GLD360 is used to examine the lightning froman Australian pyrocumulonimbus
eventto illustrate the capability of a globallightning detectionnetwork to detect pyrogenetic
lightning.

Incorporating lightning data into smoke monitoring strategies helps protect first responders,
improves understanding of fire behavior, and identifies regions for potential new fire starts.
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Abstract: Landscape fires produce smoke containing a very wide variety of chemical species, both
gasesand aerosols. Forlarger, moreintensefires that produce the greatestamounts of emissions
per unit time, the smoke tends initially to be transported vertically or semi-vertically close by the
sourceregion, driven by theintense heat and convective energyreleased by the burning vegetation.
The column of hot smoke rapidly entrains coolerambient air, forming arising plume withinwhich the
fire emissions are transported. The characteristics of this plume,and in particular the height to which
it rises beforereleasing the majority of the smoke burdeninto the wider atmosphere, areimportant
in terms of how the fire emissions are ultimately transported, since for example windsat different
altitudes may be quite different. This difference in atmospheric transport then mayalso affect the
longevity, chemical conversion, and fate of the plumes chemical constituents, with for example very
high plumeinjection heights being associated withextremelong-range atmospheric transport. Here
we review how such landscape-scale fire smoke plume injection heights arerepresentedin larger
scale atmospherictransport models aiming to represent theimpacts of wildfire emissions on
component of the Earth system. In particular we detail (i) satellite Earth observation data sets
capable of being used to remotely assess wildfire plume height distributions and (ii) the driving
characteristics of the causal fires. We also discuss both the physical mechanisms and dynamics taking
place in fire plumes and investigate the efficiency andlimitations of currently available injection
height parameterizations. Finally, we conclude by suggesting some future parameterization
developments andideas on Earth observation data selection that mayberelevant to theinstigation
of enhanced methodologies aimed at injection height representation.

Keywords: plumerise, air quality modeling, plumeinjection height, fire smoke
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Abstract: Wildfires are a major source of fine particulate matter pollution (PM2.5). In the US and
Canada, wildfires arearecurring, episodic source of air pollution that can be a major threat to public
health. Limiting exposureis the principal measure available to mitigate health impacts duringsmoke
episodes. Stateandlocalagenciesrely on smoke air quality forecasts to minimize exposurerisk. This
includes issuing air quality advisories/warnings and initiating mitigation options, suchas voluntary
and mandatoryactions to reduce pollutant emissions andopening clean air shelters. Improved
forecasting of acute or extended duration smoke eventswould enable air quality managers and
publichealth officials to implement mitigation efforts and improve publicresponse more effectively.

The ability of plume models to accurately simulate the vertical distribution of smoke at the source
remains a major uncertainty in forecasting smokeimpacts. In order toimprove smoke forecasts, we
evaluate the performance of a widely used plumerise model and its sensitivity to driving variables:
temporalfire activity, biomass consumption, and heatrelease. The summer of 2017 saw significant
wildfire activity across the western US and Canada, with communities experiencing severe pollution
episodes, somelasting weeks, due to a combination of smoke fromlocal and regional wildfires. Our
study focuses on the fires thatimpacted western Montanain August-September,2017. We combine
air quality monitor data, meteorological observations, andremote sensing data frommultiple
platforms to assess the performance of wildlandfire emission and plume rise models. Validation data
fortemporalfire activity is based on sub-hourly GOES-16 fire detections and dailyinfrared fire
perimeters from fire management teams. Fire radiative power from MODIS and VIIRS satellite
sensors and post-fire LANDSAT burnseverity assessments provide constraintson biomass
consumptionand fire heat release. Simulated plumeriseis evaluated against NEXRAD radar
observations.
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Abstract: As drought becomes the new normalin many westernstates, wildfireshave exerted
increasing effects on air quality and humanhealth and welfarein the United States, examplified by
the 2018 Camp Firesin California. Fire emissionsare essential to accurate prediction of fire/smoke
dispersion and trasnsformationand subsequentimpacts on air qualityand humanhealth. This study
uses the HYSPLITand CMAQ models and a suite of in-situ and remotely sensed observations to
assess the accuracy of five fire emission products derived fromsatellites, the only type of products
enabling timely emission updates to drive fire/lsmoke forecasts. These productsinclude four top-
down emission datasets (GBBEPx from NOAA, FLABME from Naval Research Lab, FEER from NASA,
and GFAS from ECWMF) and one bottom-up emission dataset (BlueSky from US Forestry Service).
Comparisonsof fire emisisons showlarge variationsof PM2.5 estimates by these datatsets, caused
by both emission algorithms and fire detection capability of different satellite sensors. We conducted
84 modelsimulations to investigate the sensitivity of plumeinjections to different meteorology
inputs (GDAS, NAM12,NARR,and WRF), planetaryboundary layer (PBL) conditions, plumerise
schemes (Briggs 1969, and Sofiev 2012). Results show that the simulated injection height is highly
dependenton the PBL heightand that theinjection height calculated using the Sofiev 2012 schemeis
higher than using the Briggs 1969 scheme. Finally, we showed theresults of evaluations of the 84
simulations against the MISR and CALIPSO observed plume heights,as wellas the ground PM2.5
concentration observationfrom the EPA Air Quality Systemnetwork.
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Abstract: Carbon and aerosols are cycled between terrestrialand atmosphere environments during
fire events, and these emissions have strong feedbacks to near-field weather, air qualityand health,
and longer-term climate systems. Fuels (e.g.,mass,structure), fire severity and burned areaare
largely under the control of weatherand climate, and fire emissions have the potential to alter
numerous land andatmospheric processes that,in turn, feedbackto and interact with climate
systems (e.g., changesin patterns of precipitation, black/brown carbon depositionon ice/snow,
species composition, alteration in landscape and atmospheric/cloudalbedo). When modeled smoke
plume detrainment heights areincorrect, then the simulatedtransport and deposition of those
emissions willalso beincorrect.

The heights to which smokeis injected and detrained governs short-orlong-range transport, which
influences surface pollution, cloud interaction (altered albedo), and modifies patterns of
precipitation (cloud condensation nuclei). We are working with the Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation (CALIPSO) team and stakeholdersto generate a biomass burning
(BB) plume height database using multiple platforms, sensors andmodels (CALIOP, MODIS,NOAA
HMS, Langley Trajectory Model). These datahave the potential to provide enhancedsmoke plume
injection height parameterizationin regional, national and international climate and air quality
models.

Statistics that link fireand weather to plumerise are crucial for verifying and enhancing plumerise
parameterizationin local-, regional-and global-scale air quality, chemical transport, and climate
models. Specifically, we will present: (1) amethodology that links BB height and CALIOP air parcels
to specificfires; (2) the daily evolution of smoke plumes for specific fires; (3) compare CALIOP-
derived smoke plumeinjection to CMAQ modeled smoke plume injection; and(4) provide statistics
from numerousfires burning in multiple ecosystems (e.g., Tripod, Santa Rosa, Rim, Sabine CAN,
Charleston, Juniper, Columbia Complex, Pine Ridge, Millard, Black Pulaski, Mendocino, Carr,
agriculturalfires). Theseresults have the potential to provide value to local, national, and
international modeling communities and to publicland, fire science, and air quality management and
rules and regulatory communities.
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Abstract: Intense heating by wildfires can generate deep, smoke-infusedthunderstorms, knownas
pyrocumulonimbus (pyroCb), which canrelease a large quantity of smokeinto the upper
troposphere and lower stratosphere. Recent work has shownthatan extreme pyroCb event can
significantly influence the lower-stratospherein a manner similar to amoderate volcanic eruption.
However, the seasonalimpact of pyroCb activity on stratosphericaerosolloading remains almost
completely unconstrained. This study quantifies the total aerosol particle massinjected into the
lower stratosphere during active fire seasons in North America. The particle mass originating from a
wide variety of individual pyroCb eventsis examined, as well as an accumulated fire season total. A
systematicinventory of intense fire activity and ensuing pyroCb events is constructedto confirm the
source of these plumes. PyroCb smoke plume properties are analyzed using the combination of lidar
and ultraviolet aerosolindex observations. This analysis also employs the first compreh ensive in situ
dataset from pyroCb outflow obtained during the 2019 FIREX-AQfield experiment. Results highlight
the spatialand temporal variation in the pyroCb source,and its correlation with total wildfire activity.
Theseresultsindicate that pyroCb activity, occurringas eitherlarge singular events or smaller events
accumulated over afire season, can significantly influence the composition of the lower-
stratosphere. Integration withmeteorological data suggests that stratosphericinjection of smoke
particles can be expected every fire seasonin favored regions of the Northern Hemisphere. This
work sets a foundation for understanding the relative contribution of pyroCbactivity to seasonal and
inter-annual variation in stratospheric composition, andtheir corresponding effects on circulation
andradiative forcing.
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Abstract: Climate change hasincreased the frequency of droughtsin recent decades and
consequently, the occurrence and severity of wildfires have amplified, especially in the western U.S.
Wildfires are important to maintain the ecological equilibrium of the landscape but smoke emissions
representa global publichealth problem impacting vulnerable populations and the economy. Near
extremefire events, satellite characterization of thermalanomalies is desired because it can capture
the horizontal extent of the smoke plume. However, air quality (AQ) models based on satellite
retrievals have been challenged during fire periods due to the limitations in detecting smallfires,
high-altitude injection smoke (e.g. smoke-produced pyrocumulus clouds), and the underestimation
of aerosolloading dueto very rigorous firefilters in the satellite algorithm. Satellite fire radiative
power provide daily burningareas but the informationis very localized and not designed to estimate
thetransport of the plumes to other areas away from the source. With these limitations in mind, this
research presents an AQfireratio (AQFR) which can distinguish the vertical distribution of aerosols
asthe smoke plumes were transported downwind, and if the smoke was able to reach the surface or
penetrate the free troposphere usinga combinationof numerical weather prediction model outputs
and anovel plumeinjection height algorithm from NASA ASHE VIIRS during the fire seasons of 2013-
2014 inthe U.S. Preliminary resultsin the western U.S. usingthe MODIS version of the ASHE
algorithm have shownthat differences in meteorological conditions affecting the planetary
boundary layer (PBL) physics during the day can impact the percentage of confinement of the fire
plumes within the PBL. The use of thisnovel AQFR will aid in quantifying the health effects and can
improve AQ forecasting models due to wildfire smoke.
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Abstract: An accurate estimation of biomass buming emissionsis partially limited by the lack of
knowledge of fire burning phase (smolderingvs. flaming). In recent years, several fire detection
products have been developed to provide information of fire radiative power (FRP), location, size,
and temperature of fire pixels, but noinformationregarding fire burning phaseis retrieved. Here we
presentanovelmethod to derivevisible energy fraction (VEF) for night time fires at the satellite
pixel level from space. VEF is defined as the visible light power (VLP) to FRP for each fire pixel
retrieved from the VIIRS 750 m active fire product. A global distribution of VEF values, andthereby
thefire combustion efficiency, is quantitatively obtained, showing smaller VEF values in regions with
mostly smoldering wildfires, such as peatland fires in Indonesia, larger VEF values in regionswith
flaming wildfires over grasslands andsavannas in the sub-Sahelianregion,and the largest VEF values
associated with gas flaring in the Middle East. We also present a case study showing how the air
temperature, relative humidity,and wind speed affect the Camp fires. Finally, we willillustrate the
potential of using multiple satellite sensors to characterize smoke plumerise.
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Abstract: Smoke from wildland fireat high levels pose arisk to fire fighters and the public alike.
Whether through reduced visibility due to wildland fire smoke on roads or through publichealth
effects of at-risk members of the public, thereareanumber of strategies to mitigate smoke impacts.
Preparation for smoke impactsis absolutely critical for personneland the public. The Forest Service
has been working with many partners to develop tools and approaches which will allow greater
planning for smoke and subsequentimplementation of smoke impact mitigation strategies.
Organizationally,land and fire managerswillneed to be aware of therisks posed by smoke, how
they can be planned for and how they can be mitigated if utilization of fireis to play akey role in
creating and maintaining forestresilience. Froma wildland fire fighter exposure viewpoint, howis
this community trainedand preparedfor therisks posed by smoke? Asland management agencies
strive to manage wildfires and utilize prescribed fire, understanding howto quantify risks of smoke
for different communitiesis becoming moreimportant for decisions and strategies. Identification of
smokerisks and their magnitude, recent approaches such as Smoke-Ready Communities, can helpin
the mitigation of smokeimpacts. Theseapproaches allow for better risk management when
wildland fire strategic and tactical decisions are being made.

Keywords: smoke, exposure, risk

Presenter Bio: Pete Lahm is the Air Resource Specialist for the USDA Forest Service, State and
Private Forestry, Fire and Aviation Management, in Washington, DC. He leads the Wildland Fire Air
Quality Response Program which provides personnel, technical specialists called Air Resource
Advisors, smoke modelingand monitoring capabilitiesto develop forecasts for areas adversely
affected by smoke. Starting in 2004, Pete has led the Forest Service’s national smoke management
efforts developing technical approaches and policies related to smoke impacts from prescribedfire
and wildfires. Since 2006 he has chaired the National Wildfire Coordinating Group’sSmoke
Committee.

93. Smoke Management: The Risk Factor

Presenter: Ann Hobbs, Associate Planner, Placer County Air Pollution Control District,
ahobbs@placer.ca.gov

Abstract: Each year, air district staff work with land managers on prescribed fire operations,
essentially making “go/no go” burn decisions for air quality. Thereis always risk however, and
measures areincluded, as part the approved smoke management plan, to ensure that theburns go
according to plan with minimal smoke impacts.

Furthermore, making the burn approval decision, "thego”, in the Lake Tahoe area, provides its own
challenge. As this a large geographicbasin surrounded by a huge cold-water lake, there are always
concerns, especially with how much smoke could settle during the overnight hours. Thisis an
overview, a story if you will, about the Placer County Air Pollution Control District staff’sfall2019
decision-making on an approved underburn, the ensuing smoke issues, the decision making
considered, and aboveallthelessonslearned.
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Abstract: Therecent launches of the GOES-16 and GOES-17 satellites have dramatically increased
capabilities for detecting wildfires viaremote sensing. In particular, the high time resolution allows
forimproved fire activity estimation that can be used in both operational smoke prediction and
retrospective fire emissionsinventorymodeling. However, the new products require new methods
to process and understand. We examine the new GOES fire products and their usein developing fire
activity, emissions,and plumeinjectionheights. The methods have been applied for large wildfiresin
Northern Californiain 2017 and 2018 for use in several wildfire smoke health studies.
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Abstract: Moreand more peoplein the United States, as well as around the world, have been
affected by wildfire smokeinrecentyears. This hasled to growing interestin understandingsmoke
dynamics and socialimpactsin order toimprove and betterinform smoke management. The U.S.
Forest Service is working with other agencies and organizationsto develop a scientificassessment
forwildland fire smoke. This documentwill review and evaluate the current science of wildland fire



smoke, identify knowledge gaps, andassess tools and technologies forimproving smoke science and
management. Asafirststep, atwo-day workshop was held in June 2019 in which panels of scientists
and resource managers provided and discussed brief summaries of the existing scientificknowledge
and research needs for specifictopics. Abookis in preparation with afocus onthe state of science
and managementimplications for six components of smoke science: fuelsand consumption; fire
behavior; plume dynamics, transport and emissions; smoke chemistry; and socialimpacts. This
presentation will provide an overview of the assessment andkey points identified for each of the six
topicareas.
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Abstract: Wildland fires can emit substantialamounts of air pollution that may pose arisk to thosein
close proximity (e.g., first responders, nearby residents) as wellas downwind populations. Quickly
deploying multi-pollutant airmeasurement capabilities in response to incidents to provide actionable
information to incident management teams and public health officials has been limited to date by
the cost, complexity of implementation,and measurement accuracy. Emerging technologies
including miniaturized direct-reading sensors, compact microprocessors,and wireless data
communications provide new opportunitiesto detect and quantify air pollutionin real time. USEPA
and USFSshare the desire to advance wildland fire airmeasurement technologyto be easier to
deploy, suitable to usefor high concentrationevents, durable to withstand difficult field conditions,
with the ability to report accurate high-time resolution data continuously and wirelessly. Several
commercially available sensor pods along with multiple sensorprototypes capable of measuring
PM2.5, CO, CO2, NO2,and O3 during wildfire episodes were evaluated over a large dynamicrange of
smoke concentrations. Evaluations were conductedin the USFS Missoula Fire Sciences Laboratory
combustion chamber and during response operations on the MP-97 (Oregon) and Williams Flats
(Washington) wildfire eventsin 2019. Sensor performance characteristics including accuracy,
precision, linearity, operability, and data telemetry will be presented and discussed.



Disclaimer: Althoughthis work was reviewed by EPA and ap proved for publication, it may not
necessarily reflect official Agency policy.
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Abstract: Although the application of prescribed fires can achieve multiple beneficial land
management objectives, problems with air qualityand smoke oftenimpedeits practice in the United
States. Despite a number of measures that can reduce theimpacts of prescribed fire to the air
quality, land manager preferences can be hindered by potential smoke impacts. Unfavorable wind
directions can blow smoke into sensitive areas, stifling the size and frequency of plannedprescribed
fire treatments. Near densely populatedareas - where a slight deviation in acceptable burning
conditions canresultin large human impacts —the constraints to prescribed fire are likely worse.
Giventheincreased potential of smokeimpacts, itis prudent that proposed increasesin prescribed
fire activity develop plans for mitigating the increased risk. Climate models may be helpful tool to this
end, as climate models may inform of theimpacts and feasibility of future prescribed fire ap plication.
In this presentation, we willapply climate model output to areal-world problem of scheduling for
increased prescribed firein the Lake Chelan area of Washington state. Linear programming
techniques willidentify a feasible schedule of when and where to ignite prescribed fires to achieve
treatment objectivesin amannerthat minimizes smoke impacts. These schedules willbe based upon
climate model output, as well as historical patterns of prescribed fire activity. The sensitivity of these
solutions to structural uncertaintiesin the climate models are also explored. Robust patternsin the
optimal scheduling solutions will be identified and the implications for planning of future prescribed
fire in the Lake Chelan area will be discussed.
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Abstract: Sugarcanefires areahighly visible source of airborne particulate matterin South Florida.
Each year, from October to March, canefields areburned before the harvest. Fire permits from the
state of Florida show that 9,900 of these fires burn about 1.6 x105 ha (395,000 acres) annually,
which we estimate produces 4.9 x106 kg of primary PM2.5. These fires are tightly clustered around
the south shore of Lake Okeechobee, surrounding the cities of Belle Glade and Clewiston, and 10-40
km from the densely populated coastal cities of South Florida, which ishometo over 6 million
people. Residents in this area complain of frequent ash falland smoke during the burning seasonand
some havelaunched lawsuits to stop the burning. Two sugarcane processing plantsin the same area
emitup to 2.9 x106 kg of primary PM2.5 peryearalso degrading the local air quality.

We quantify theimpacts of these fires and processing plantson regional air quality and health using
satellite and ground-based aerosol measurements, the HYSPLIT atmospheric dispersionmodel, and
health data. In the southeast United States, PM2.5 concentrations are typically greatestin the
summer months, andlower in the winter. Satellite data show that this pattern for PM2.5 holds true
over Florida, except for the region where sugarcane fields are present; this area experiences the
greatest PM2.5 concentrations during the winter, which coincides with the sugarcane harvest
season. This patternis also confirmed using ground-based Environmental Protection Agency (EPA)
PM2.5 monitors.

We use Florida Forest Service (FFS) burn authorizationsand regional fuel-specific crop and emission
factors to simulate the PM2.5 concentrationsthat can be attributed to sugarcane fires and sugar
mills using the HYSPLIT atmospheric dispersion model. For the sugarcane fires, we examine the
sensitivity of simulated PM2.5 contributions to plumerise using several approaches: satellite-derived
plume heights, surfacerelease, Brigg’s plumerise theory, anduniform distribution in the mixed layer.
We evaluate theresulting model against EPA surface monitoring sites and satellite dataand use the
results to inferthe impact of the smoke on regional mortality and public health.
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Abstract: PB-Piedmontis an underutilized but a highlyaccurate ground level (< 6 feet) dispersion
modelthatidentifies the geographictrack of wildland smoke associated with prescribedfire and
wildfire. It excels under stagnant to light wind conditions (<5 mph). In post analysis it has performed
excellently in verifying Superfog Events and location of accident sites. PB-Piedmont needs to be used
asa preplanning, preemptive decisionsupport tool. Itis an integral part of the Roadway Smoke Risk
Assessment Process. Itidentifies where and when smoke willimpact roadway visibility. Theimpact
can be caused by smoke, fog, smokeinduced fog, and/or Superfog. PB-Piedmontis availableinarare
PCversion or thereadily accessible web-based version. This later version is provided and supported
by Dessert Research Institute (DRI) Programfor Climate, Ecosystem and Fire Applications (CEFA). PB-
Piedmont has been used in many after action reviews concerning roadway smoke accidents. The
most complexmodeled incident was the HeHe Burn, October 13th, 2018, in central Oregon. The
Superfog plume was modeled to travel 7 to 8 miles beforeit reached the accident siteat 8:01AM.
This was the second time Superfog reached and crossed Hwy 26.The accident occurred at 8:11 AM.
PB-Piedmonthasrecently been augmented with theincorporation of the Superfog Potential Index.
This provides amore clear interpretation of the surface plume. Outputsare displayed in three colors
(Yellow =smoke, Red =smoke and fog or smokeinduced fog,and Blue = Superfog). This greatly aids
userinterpretation and moreimportantly the ability to mitigate reduced visibility impacts before
they occur. With the advances madein predicting and averting wildland smoke reducing roadway
visibility incidents, smoldering smokeis still viewed by other fire disciplines (weather, behavior,
danger, emission, occurrence and training)as solely asmoke community issue whenit s truly an
interdisciplinary. PB-Piedmont providesan opportunity, a breakthrough, for other fire disciplines to
recognize theneed to cooperate and to coordinate on this interdisciplinary national dilemma.
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Abstract: At 1SS2, the US Forest Service (USFS) presented a concept of how to more fully integrate
smoke model system components(meteorological, fire behavior, andair quality) currently used in
the current operational smoke modeling frameworkutilized by the US Forest Service. In this
presentation, we provide an update on work that the USFS has completed on the Lagrangian partide
dispersion models which comprise the core of dispersion modelingtechnology for the USFS smoke
modeling framework, which includes changes in source characterization which facilitate more
seamless coupling with fire behavior models, and also dynamic plumerise, which does not specify
particle injection heights a priorito the execution of the dispersion model (the current modeling
paradigm), butratheris determined from the heat of the fire and the micrometeorology near the
active area of the fire. Inthis manner, particle trajectory evolutionis able toreact to thelocal
meteorological environment thatis influenced by the topographyand fire feedback, whichshould
resultin amorerealistic smoke dispersion simulation.

Keywords: Plumerise, source characterization, fire behavior, Lagrangian Particle Dispersion Model
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Abstract: Air quality forecasts using regional chemical models provide key information for affected
communities and smoke management efforts, yet many models fail to accurately predict ozone (03)
and particulate matterlevels during fire events. The satellite-based emissions andplumeriseare
large sources of modeluncertainty. Toimprove emissions and plume rise parameterizations, we
utilize aircraftand ground-based data from recent field campaigns, such as the 2018 NSF/CU Biomass
Burning Fluxes of Trace Gases and Aerosols using SOF on the Wyoming King Air (BB-FLUX) and
NSF/CSU Western wildfire Experiment for Cloud chemistry, Aerosol absorptionand Nitrogen (WE-
CAN)field campaigns,and the 2019 NOAA/NASAFire Influence on Regional and Global Environments
Experiment — Air Quality (FIREX-AQ)field campaign. Hourly fire emissionsbased on Geostationary
Operational Environmental Satellite (GOES)-16/17 fire radiative power areimplementedin WRF-Chem
and compared with estimates based on field measurements and satellite data. Emissionfactors (EFs)
are updated from estimatesfrom FIREX Fire Lab and BB-FLUX/WE-CAN/FIREX-AQ field observations,
and separate EFs are implemented for flamingand smoldering combustion. Uncertainties in
emissions and plumeinjection heights in the model are quantifiedby comparison withaircraft-and
satellite-based estimates. WRF-Chem simulations are also compared with satellite retrievals of trace
gasesand aerosols, and are used to quantify fire air quality impactsand examine formation/aging
mechanisms for O3 and SOA.
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Fluid Mechanics and Hydrology from Stanford University. She then worked in Brazil as a Fulbright
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Colorado. In2016,shejoined NOAA ESRL GSD as an NRC Postdoctoral Fellow, and since2017has
worked as a Research Scientist with the Cooperative Institute for Researchin Environmental
Sciences (CIRES) University of Colorado / NOAA ESRL CSD.
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Abstract: ional Air Quality Forecasting Capability (NAQFC). NAQFC provides nationwide operational
predictions of ozone and particulate matter. Predictionsare produced twice per day (at 06 and 12
UTC cycles) at 12 kmresolution and 1 hour timeintervals through 48 hours and distributed at
http://airquality.weather.gov. The NOAA National Centers for Environmental Prediction (NCEP)
operational North American Multi-scale (NAM) 12 km weather predictionis used to drive the
Community Multiscale Air Quality (CMAQ)model. Recently, NCEP with other NOAA labs and
research communities has developedthe Next Generation Global Prediction System (NGGPS) based



on the Finite Volume Cubed Cubed-Sphere dynamic core (FV3) asits Unified Forecasting System
(UFS). Thelatestimplementation of NOAA’s Global Forecast System (GFSv15) uses the FV3 dynamic
core and isrun at similarresolutions (13 km) to the NAM while mainly using the with relatively minor
upgrades to the GFS physics suite. The transition to FV3 shouldallow for unification of regional and
globalatmospheric composition predictions models. This study will evaluatethe use of NAM,
GFSv1s, and an experimental highresolution Stand Alone Regional (SAR) configuration with 3km
grid spacing to drive plumerisein the HYSPLIT transport and dispersion model. The evaluationwill
take place during the Summer 2019 FIRE-Xfield experiment.

Theboundary layer mixing schemes used by NAM and GFS employvery differentmechanisms(eg:
local vs non-local vertical mixing) that could have importantimpacts on plumerise. This presentation
will also evaluate the ability of the GFSand SAR for capturing boundary layer processesimportant
during FIRE-Xas comparedto the operational NAM. The weather models willbe evaluated with
emphasis on the performance of meteorological fields important to plumerise prediction (eg: near
surface winds, temperatures, moisture and boundary layer heights, cloud cover).

Keywords: Air Quality, Smoke, Plumerise, FV3, GFS,boundarylayer, NWP, NCEP
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Abstract: One of the critical goals of the NASA Health and Air Quality Applied Science Team
(HAQAST)is to assess the effects of wildfire smoke on air quality and human healthburden. Using
the October 2017 Northern California wildfiresas an example, we studied the sensitivity of plume
injection heights using a combination of satellite data, air quality modeling, and healthrisk



information. Smoke impact estimates were highlyinfluencedby the various plume injection heights
utilized. Therecurrence of wildfiresin California and other fire prone areas makeit vitally important
to develop a system that can accurately estimate theimpacts of wildfire smoke. Particularly, a
system that can not only estimateimpactsin terms of production of fine particulate matter (PM2.5),
butonethat can also gauge short-termexposure-response relationships, will be useful to emergency
response planning for the protection of publichealth. Here, we present a novel approach that uses
areaplumetops from two different algorithms and three outputs to infer model sensitivities to
plumerise. We test algorithms in themodeling systemto determine optimal results for the wildfire
eventin October2017. In addition, we run sensitivity studies with the CMAQ modellooking at various
modelinputs and configurations. Lastly, we compare CMAQ model results with satellite-derived
aerosoland plume heightretrievals.

Keywords: Plumerise, CMAQ, wildfire
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Abstract: Prescribed burningis animportantland management practice used across the U.S. by
privateand publiclandowners alike. While this technique is beneficial for fuelmanagement and
ecological purposes, smoke managementis perceived as a significant barrier toits use. There are
severalmodeling tools available for use by land managersto estimate smoke transportfroma
prescribed burn. These vary in scientificcomplexity, data requirements, and ease of use, which may
impact smoke plume predictions and likelihood of adoptionby users not familiar with air quality
modeling. However, there are few systematic comparisons andanalysesof these tools. Here,
commonly used smoke modeling tools are evaluated for the purpose of estimating prescribed fire
smokeimpacts from the perspective of planninga burn. Using data fromall prescribed burning
activity in North Carolina State Parksin 2016, we modeland compare smoke plumes from two of the
most commonly usedtools, VSmoke-Web and HYSPLIT, as well as from the state-of-the-science
chemicaltransport model CMAQ. Model outputis compared using spatial plume overlap, population
smoke exposure, and predicted PM2.5 concentrations. The tools are further evaluated by
considering ease of use forland managers when planning prescribedburns. This comparison of



smoke transport from past operational burningactivity provides insight into potential publicimpacts
in areas that may frequently experience prescribed buming, highlights the feasibility of using these
modeling tools to support prescribed burning decision-making, and accentuatesresearch needs for
improving thesetools.

Presenter Bio: Megan M. Johnsonis a PhD studentin the department of Civil, Construction,and
Environmental Engineeringat North Carolina State University. She has previously worked at the
South Carolina Bureau of Air Quality and the National Ecological Observatory Network. She earned
an M.S.in atmosphericscience from the University of Nevada, Reno, andaB.S. in environmental
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106. Introducing the California Joint Prescribed Fire Monitoring Program
Presenter: Joe Restaino, Fuels and Fire Effects Specialist, CALFIRE, joe.restaino@fire.ca.gov

Abstract: The California Air Resources Board (CARB) and the California Department of Forestry and
Fire Protection (CAL FIRE) recently established a Joint Prescribed Fire Monitoring Programto
support California’s goal to increase the pace and scale of prescribed fire use. The primary goal of
this presentationis to provide an overview of the program objectives, andto outline California’s
approach to characterizing smoke from the expanded use of prescribed fire. Our program collects
both air quality and fuel consumption data by monitoring prescribedfires in select locations across
both the spectrum of ecosystems and land ownership within the state. Project monitoring consists
of evaluating near-term (direct) effects, as well as long-term (indirect) effects of fire, and is designed
to evaluate the effectiveness of an individual burnoraburn programbeyond just the number of
acres burned. The characterization of near-term andlong-term effects will allow our programto use
real datafrom prescribed fires to communicate to the public, landowners, and the California
legislature the benefits of prescribed fire as a managementtool,and how well we are meeting our
fire management objectives. Coordinatedfire effects and air quality monitoring will also help airand
land managers to adapt management strategies and improve current best management practices for
mitigating potential smoke impacts to publichealth fromthe expanded use of prescribed fire.
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107. Modeled Effects of Fuel Reduction on Rim Fire Daily Smoke Emissions
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Abstract: 2018 has been called the most destructive fire season in California history, with thousands
of homes burned and many metropolitanareas formerly unaccustomed to “very unhealthy” to
“hazardous” levels of wildfire smoke experiencing such levels for days on end, far fromthe wildland
urbaninterface and the smoke sources. A significant characteristic of somerecent megafires has
been a rapid rate of spread and the subsequently large daily emissions produced by suchfire
behavior. But exactly how exceptional are the daily emissions numbers we are seeing today, bothin
the context of thelast couple decades and in the context of historical emissions that California
experienced? How much lighter were the fuels and what difference would the lighter fuels loads and
lower tree densities have madein the daily loading to the atmosphere? This work leverages recent
advances in spatial analysis frameworks that unify plot-to-landscapeimputation of fuel loads, fire
emissions estimation, and coupledatmosphere-wildlandfire modeling to explore how the daily
progression and emissions fromthe Rim Fire might have been different had fuels andforest
structurein the area been maintained by an active fireregime. Specifically, we use the F3 fuels
mapping framework to find biophysically analogous areas nearby that have experienced one or more
fire returnsin thelast30 years and create a “treated fuelbed” for the area burned by the Rim Fire.
Using this “treated fuelbed” and the actual fuelbeds as modelinputs, we examine modeled Rim Fire
growth and behavior using the CAWFE coupled atmosphere-wildland fire model, andwe explore the
extentto which present-dayfuel (vs. our estimated historical) loadings might have contributed to
thefire-atmosphere coupling that produces such unprecedented large-scale fire behavior and daily
pollutant emissions valueswitnessedin the Rim (and likely other Sierra megafires).

Keywords: Rim Fire, daily smoke emissions, fire modeling, fuels reduction, CAWFEmodel, F3,
Landfire
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Abstract: Air quality in Chelan Countyin north central Washington State has been negatively
impacted by recent wildfires, with consequencesimpacting humanhealth, aesthetics of scenicareas,
and tourism tothearea. In2017 and 2018, PM2.5 concentrations exceeded National Ambient Air
Quality Standards for extended periods of time due to nearby wildfires (PM2.5 24-hrrolling average
exceeded 35 ug m-30n 28 daysin 2017 and 36 daysin 2018). One method for managing the risk of
large fires and their effect on air quality is to increase the use of prescribed fire during the offseason.
To facilitate prescribed fire use, we analyzed past requests to the Washington State Department of
Natural Resources forignition authorizationin theregion as wellas the occurrence of
meteorological conditions necessary for conducting prescribed fires. We found an average of 53.66
(+ 4.74) days with prescribedfire requests of which 42.3 days(+ 4.68) had approvals, 5,400 (+717)
totalacres approved, and 43,194 (+ 5973) tons approved for consumption with decreasinginter-
annualtrendsin allthree variables. We performed a separate analysis of meteorological windowsfor
prescribed firein tree-dominated ecosystems and found that opportunities peakedin the spring and
thefall, occurring approximately 40-60% of days duringthose months. The average weather
conditions throughout theyearand the cumulative distributionfunctions for meteorological
variablesindicated thatincreasing the thresholdfor temperature and lowering the threshold for RH
may resultin more opportunities for conducting prescribed fire. Additionally, we explored the
effects of climate change on meteorological variables used to define potential burn windows.
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109. A New Reporting System for Wildfire and Prescribed Fire Air Monitoring
Presenter: Antonio Morales, California Air Resources Engineer, Antonio.Morales@arb.ca.gov

Abstract: MonTIGo is a software platform built for logging, tracking and deployment logistics
reporting of PM 2.5 monitors during wildfires. Its built to track monitoring assets andunderstand
complexrelations of the massive amounts of data produced for and during wildfire season. Currently
inits test stage, MonTIGo can visually track,analyze and display telemetry frommobile monitorsin
Californiain nearrealtime. Informationsuch as PM 2.5 NowCast, monitor maintenance status,



telemetry, weather forecast data, historical monitor data andrapid report developmentamong
otherthings, can beachieved in the MonTIGo software suite.

Presenter Bio: Antonio Morales is an Air Resources Engineer with the California Air Resources Board
Incident Air Monitoring Section. Since 2018 has brought his strongbackground in Hardware and
Software Engineering, to bring current airmonitoring systems within the organizationto cutting
edgetechnology such asthe MonTIGo platform, which is developinginto a game changer for the
organization. He's had animpressive careerin the private industry with experience in a variety of
engineering industries, such as “Mass Transit Systems”, “MEMS technology”,and “Satellite
Systems” for the commercial spaceindustry, developing big-dataanalytics, software engineering,
and automation.

110. Apportioning Smoke Impacts of 2018 Wildfires on Eastern Sierra Nevada Sites

Presenter: Sean Mueller, Air Resource Specialist, USDA Forest Service, Northern Region Regional
Office, sean.mueller@usda.gov

Additional Author(s):

Leland Tarnay, Ecologist, USDAForest Service Pacific Southwest Region, Remote SensingLab,
leland.tarnay@usda.gov

Sean Raffuse. Research Scientist, Air Quality Research Center, University of California, Davis,
sraffuse@ucdavis.edu

Susan O’Neill, Air Quality Scientist, USDA Forest Service, Pacific Northwest Research Station,
susan_oneill@firenet.gov

Abstract: Thesummer of 2018 saw some of the mostintense and longest lasting smoke impacts ever
observed on the Eastern side of the Sierra Nevada. Theseimpacts were undoubtedly due to several
simultaneous, very large wildfires burning in heavy fuelsin the Sierra Nevada to the north, south, and
west of these sites, but not necessarily solely due to the closest of those wildfires (e.g., the Lions
Fire), which for some periods of that summer was managed for multiple objectives, including
resource benefits. Perimeter-based emissionsestimates showthat emissions for some of the farther-
flung fires for many of the days in question were much higher (2-5x) than those of the Lions Fire,
however emissions can be a poorindicator of therelative contribution of one fire versus another
because dispersion often matters more thanabsolute emissionsin determining impacts atagiven
site. Furthermore, the strength of the transport froma given fire often varies widely on a daily, even
hourly basis, requiring a high temporal resolution estimate of both emissions and dispersion
efficiency. Our approach leverages recently developed remote sensing techniques to create hourly
resolution emissions estimates from satellite-derived (GOES-16) fire detections to explicitly model
(viathe BlueSky framework) dispersionfrom each of the fires that contributed to smoke measured
at Eastern Sierra sites. By layering those modeled impacts and then comparingthat to the actual
measured smokeimpacts, we develop arelative daily apportionment of theimpacts fromeach
contributing wildfire at several Eastern Sierra sites. These daily apportionmentsthen giveusamore
objective basis for understanding the extent to which decisions to manage the Lions fire for resource
benefit objectives could have affected eastside air quality atimportant sites in the Eastern Sierra
Nevadathatsummer.

Presenter Bio: Sean Muelleris a Presidential Management Fellow Air Resource Specialist with the
U.S. Department of Agriculture Forest Service at the Northern Region Regional officein Missoula,



Montana. Hecompleted aB.S. degreein Business Administrationat Boston University,and a Master
of Environmental Science and Management at the University of CaliforniaSanta Barbara Bren School.
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111. Smoke impacts from Prescribed Burns in NSW Australia

Presenter: Owen Price, Associate Professor, University of Wollongong, Australia,
oprice@uow.edu.au

Abstract: We conducted field work and fire severity mappingon 20 prescribed burns in eucalypt
forests near Sydney, NSWto understand fuel consumption, smoke production and smoke dispersion.
Fuel consumption consisted of pre and post-fire measurements of fine fuel. Particulate,CO and CO2
emissions were measured using low cost sensors near the perimeter of the fire. Particulate
dispersion was measuredusinga combination of time-lapse photography, low cost monitorsand the
permanent air quality network. Fire severity was mappedusingarandomforest model of Sentinel 2
satellite imagery.

Fuel consumption varied greatlyamong thefires from 2 to 10 t/ha due mostly to wide variation in
burn severity. In most cases, particulate pollution had onlyalocal effect (up to ~2 km from thefire)
and was quickly dissipated over the sea orunpopulated areas. However, three of the fires affected
populations further afield, including one which caused an Air Pollution exceedance across much of
Sydney, acity of 5 m people. This fire produced about 480 tonnes of PM2.5 which was enough to
cause an air quality exceedance over an area of 9000 km2. A prediction systembased on
atmosphericdispersionmodelling tended to predict the spatial patterns of particulates well, but
substantially underestimated concentrations on some of thefires.

These preliminary results suggest thereis some scope to reduce air pollution from prescribed fires by
avoiding adverse weather,but the consequence willbe fewer suitable burn days.
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Abstract: Smoldering wildfire in peatlands contributes significantly to the global carbon emissions
andregionalhaze events. Peat fireis one of thelargest wildfires and most persistent combustion
phenomena.Here we assess theimpact of natural rain up to 400 mm-h-1on suppressing the
smoldering firein the shallow peatlayer through laboratory experiments. We show that the
minimum rainfallintensity to suppress the peat fireis roughly 4 mm-h-1, so that thelight rain cannot
extinguish peat fire. The suppressionduration (At) of peat fire decreases with the rainfallintensities
(1 as Ig(At)=-1.15-1g(1)+3.3, thatis much longer thanthat of flaming wildfire. However, the short
suppression duration can also wet the fueland decelerate the smoldering spread to some extent.
We show that therequired rainfall depth gradually decreases with therainfallintensity and
approaches a minimumvalue of 13 mm under violent rain. As therainfallintensityincreases, the
carbon emission flux from peatfire also decreases. Therefore, we conclude a short-termviolent rain
is most effect to suppress the persistent peat fire. This research helps evaluate theinfluence of
weather on the development of peat fireand canimprove the prediction of carbon emissionsfrom
peat fire with the weather model.

Keywords: rainfall; rainfallintensity; suppression duration; smoldering wildfire; carbon emissions.
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Abstract: Smoldering wildfirein peatlandsis one of the largest and longest fire phenomenaon Earth,
but whether peat can supporta flaming fire like other surface fuels is still unclear. Our experiments
demonstrate the piloted flamingignition of peat soil with moisture up to 100 wt.% under external
radiation, indicating that flame mayrapidly spread on peatland before transitioning to the
conventional smoldering peat fire. Comparedto smolderingignition, flamingignition of peatis more
difficult, requiring a higher minimumheat flux and triple ignition energy. The propensity for flaming
increases with a drier peatand a larger external heating. We also found that the flaming ignition
temperatureincreases from 290°Cto 690°C, as the peat moistureincreases to 100 wt.%. The flame of
peatis much weakerthan that of pine needles and wood, and it eventually transitions to smoldering.
The heat of flaming is estimated to be 13 MJ-kg-1, close to the heat of smoldering. The measured
CO/CO2 ratio of flaming peat fires is less than 0.02, much smaller than 0.2 of smoldering peat fires.
Thisresearch helps to understand the development of peat fireand the interaction between flaming
and smoldering wildlandfires.

Keywords: Peatland; Smoldering; Piloted ignition; Ignition energy; Moisture; Critical heat flux.
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Presenter: Celine Audette, AQHI Programlead, ECCC-MSC, celine.audette2 @canada.ca

Abstract: Using the Air Quality Health Index program, Canadahasimplemented a PM2.5 based AQHI
to improve thealerting system and healthmessages for Canadiansduring Wildfire Smoke events.
Wildfire smoke contains toxicair pollutants, including fine particles that can penetrate deep into our
lungs and sometimes lead to serious health effects. Those at greater risk of these effects are young
children, pregnant women, the elderly, people with respiratory and cardiovascularconditions and
peopleinvolvedin strenuous outdoor work or sports.

The Air Quality Health Index developed and in use since 2005, is based on a 3hr weighted average of
three pollutants, NO2, 03 and PM2.5. This formula reports anindex number thatinforms the public
of pollution levels and how to minimize theirrisk to health. During wildfire events, the 3 pollutant
AQHlis unresponsive to changing conditions. Based on therespiratory research fromthe BC-Center
for Disease Controland the BC Environment PM2.5 pilot programfrom May 2018 to October 2019,
ECCCis implementing nationally an AQHI using PM2.5 for wildfire smoke events (will refer to this
method as AQHI+). Therevised formulais PM2.5 concentration in microgramsper meter cubed
divided by 10, the ceiling valueis used to calculate the new AQHI+ value. AQHI+=(ceiling [PM2.5]/10)
To increaseits coverage of measurements, a small sensor projectimplementation is underway for
the2020 season to measure PM2.5inremote, under serviced and Indigenous territories. Small
sensors track the measurements of Federal Equivalent Method (FEM), however, itis a knownissue
thatthey overestimate the PM2.5 values by 50-60%. By collocating the sensors with stationary
monitoring, ECCC will develop correction factors for the PM2.5. This network of sensorswill offer
real time observation of PM2.5 for remote communities to detect smoke. This work will also support
prediction-related goals and regional service and prediction operations.

Thenew AQHI formula for wildfire smoke using PM2.5and subsequent health messaging will better
inform the publicon how they can self-calibrate to protect their health and minimize their risk during

these adverse events.

116. Evaluating the implementation of an emergencyregulation to protect California’s
outdoor workers from wildfire smoke exposure

Presenter: Kathryn Conlon, Kathryn Conlon, University of California Davis, kcconlon@ucdavis.edu

Abstract: Following increasingly frequent and sizeable wildfire events, the California Occupational
Safety Health Standards Board (Cal/OSHA)proposed an emergencyregulation to protect outdoor



workers’ health from hazardous air qualityrelated to wildfire smoke. Theregulation, effective July
29,2019, requires that designated workplaces identify whenhazardousairis present, communicate
the health hazards of wildfire smoke, and provide training and educationon protective behaviors
(i.e.,use of N95respirators) for outdoor workers to limit wildfire smoke exposure. The goal of this
study is to systematically collect baseline dataregarding farmworkers’ and agricultural employers’
knowledge, attitudes, and practicesinresponse to the emergencyregulation. Information collected
through focus groups andsurveys willbe used to assess key factors influencing the implementation
of the regulation. Such evidenceis instrumental for building an evidence base of the effectiveness of
wildfire smoke policy interventionsintended to protect the health and well-being of agricultural
workers. This presentation will detail the emergency regulation, the dynamicfactors associated with
farmworkers’ well-being during wildfire smoke events, and preliminary results from farmworker
focus groups and surveys.

Keywords: farmworkers, policy,intervention
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Abstract: Introduction: Climate change, the encroachment of populations into wilderness, and
carelessness have combined toincrease theincidence of wildfire injuries. With the increased
incidence has comeanincreasein thenumber of burninjuries. Prolonged extrication, delays in
resuscitation, and the extreme fireand toxic air environmentin a wildfire has the potential to cause
moresevereburninjury. The purpose of this studyis to examine the demographics and outcomes of
wildfireinjuries and compare those outcomes to non-wildfireinjuries.

Methods: Charts of patients admitted to aregional burn center duringa massive wildfirein 2018
were reviewed for demographic, treatment,and outcome. We then obtained age, gender, andburn
size matched controls from within 2 years of theincident, analyzed the same measures, and
compared treatment and outcomes between the two groups.

Results: A total of 20 patients, 10 wildfire (WF) burns and 10 non-wildfire (NWF) burns, were included
inthe study. Age(59.6+7.8 WF vs. 59.4+7.4years), total body surface areaburn (TBSA) (14.9+4.7 WF
vs. 17.220.9 NWF) and inhalation injury incidence (2 WF and 2 NWF) were similar between groups.
Days on mechanical ventilation (24.3+19.4 WF vs. 9.4+9.8 NWF), length of stay (49.9+21.8 WF vs.



28.2+11.7days) andintensive care unit (ICU) length of stay (43.0+25.6 WF vs 24.4+11.2 NWF) were
higherin the WF group. WF patients required twice the number of operations. Mortality was similar
in both groups (1death/group).

Conclusions: Wildfire burninjuries, when compared to age, inhalation injury,and burnsize matched
controls, require more ventilator support and have more operations. As aresult they havelonger
length of stay and have a prolonged ICU course. Burn centers shouldbe prepared for theincreased
resource utilization that accompanies wildfire injuries.

Keywords: Wildfire burn injury, outcomes, comparison

Presenter Bio: Dr. Tina Palmieriis Professor/Director of the UC Davis Firefighters Burn Institute Burn
Center Assistant Chief of Burns at Shriners Hospital for Children Northern California. She is Past-
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118. Investigating Protective Health Decision-Making in Response to Wildfire Smokein
California

Presenter: Francisca Santana, PhD Candidate, Stanford University, fsantana@stanford.edu
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Abstract: Wildfires are expected to be morefrequentandintensein the future dueto climate
change. In addition to the directimpacts from wildfires, exposure to wildfire smoke poses severe
health risks. Therisks are especially acute for vulnerable groups such as children, the elderly, and
individuals with chronichealth issues. Despite these increasingrisks, the pathwaysinvolvedin
individual response to wildfire smoke are not well-understood. What are the decision-making
processes related to exposure to wildfire smoke? In what ways do individualsuse informationabout
wildfire smoke and air quality, as well as environmental and social cues to make decisions abou t how
to protect their health? Are the differencesin theseindividual processes influenced by social
vulnerability, social support, or chronicexposure to poor air quality? This study seeks to address
these motivating questions by using approaches andmethods from decisionscience, social
psychology,and sociology. Through over thirtyin-depth interviews, we investigate the decisions and
lived experiences of residents of East Palo Alto, Fresno, and Sacramento whowere exposed to the
Camp Firesmoke plumein November 2018. Through qualitative analyses of our interviews, we
generate hypotheses that can 1) contribute to scholarly frameworks, suchas the protective action
decision model (PADM) and health belief model (HBM) that seek to explain human behaviorand 2)
help publichealth efforts improve communication of wildfire smoke exposure. Initial findings
suggest that people worried about their exposure to smoke, constantly checking the air quality
index (AQI) despite no changein smoke conditions. Moreover, some exhibitedmaladaptive
behaviorsinresponseto the threat of smoke such as wearing amask even if suffering fromasthma



or putting ascarf over their face for protection. Some did so because of lack of clarity around
effective smoke mitigation actions, whereas othersdid so to feel engaged in protecting their health,
even if those actions made littleimpact. Additionally, the findings of this interview-based study will
be used toinform the development of an app-based survey andindividualized air quality monitoring
study. This future work can provide additional, andmore generalizable, insights into the pathways
and processes of protective health decisions in wildfire smoke conditions.

Keywords: protective health behaviors, decision-making and response, wildfire smoke
communication
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Abstract: Prescribed fire smokeis animportant contributor to fine particulate matter (PM2.5)
pollutionin the Southeastern U.S. Evaluating prescribed burning smoke exposureis, therefore, an
important research need to minimize air pollution and associated health costsin theregion. Alimited
number of studies have attemptedto assess theimpacts of prescribed fire on ambient PM2.5, likely
dueto the challenges associated with compiling bum data. In this study, we use chemical transport
modeling to explore the air quality and potential publichealth impacts of an operational prescribed
burning program in North Carolina. The NC Division of Parks and Recreation (NC State Parks)
maintains an active and growing prescribed burning programwith detailed informationfor all fires
thathave occurred within State Parks land over multiple years. Using the Community Multiscale Air
Quality Modeling System (CMAQ), we analyze NC State Park fires that occurred during a fullyear and
estimate the associated individual and populationsmoke exposure over the state of North Carolina.
In 2016, the Division’s land management program conducted 57 prescribed bums, treating over
4,700 acres of NC State Parksland. In addition, two major wildfires occurred within the NC Parks in
2016, renderingthis year aunique opportunity to serve as a case study. We compare publicsmoke
exposure from these two wildfires to that of the prescribed fires within the 2016 burning program.
Emissions for all fires are estimated using the BlueSky modeling frameworkbased on NC State Parks’
fire records. Additionally, we analyze the potential health hazard associated with these air pollution
impacts. The comparison betweenthe air quality impacts of prescribed fires and wildfires can be



valuablein understanding the trade-offsbetween prescribed fire and wildfire risk. In addition, the
findings of the analysis can serve as aninitial step in developing more complete cost-benefit analyses
of operationalland management programs.
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Abstract: Theabundance, form, andfate of reactive nitrogen in wildfire smoke hasimportant
implications forhumanhealth and climate. Reactive nitrogen participates in oxidationchemistry
within smoke plumes, influencing the formationand destruction of ozone, the oxidation of organic
gases and aerosol, and theformationof inorganicaerosol, as well as the optical and radiative
properties of smoke. Wereportonin situ gas phase and aerosol measurementsof reactive nitrogen
species made on board the NSF/NCAR C-130 aircraft during the Western wildfire Experiment for
Cloud Chemistry, Absorbing Aerosol, and Nitrogen (WE-CAN) field campaignin July and August 2018.
First, weinvestigate the variability and distribution of reactive nitrogen emissions and their form
(phase/species/oxidation) across 16 large western U.S. wildfires. Next, we focus on measurements of
differentaged smoke plumesin orderto investigate the contribution of gas phaseammonia and
nitricacid to the formation potential of inorganicammoniumnitrate in different partsof the western
U.S. atmosphere.

Keywords: reactive nitrogen, nitrogen oxides, 0zone, ammonia, inorganic aerosol
Presenter Bio: Jakob isa PhD student at Colorado State where he has participated in two smoke field

campaigns: WE-CAN and FIREX-AQ, making measurements of ammonia and glyoxal respectively.
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122. Smoke Particle Size Distributions and Their Downwind Evolution Observed During
FIREX-AQ

Presenter: Richard Moore, Research Scientist, NASA Langley Research Center,
richard.h.moore@nasa.gov

Additional Author(s):

Elizabeth Wiggins, NASA, elizabeth.b.wiggins@nasa.gov

Nicholas Wagner, NOAA, nick.wagner@noaa.gov

Adam Ahern, NOAA,adam.ahern@noaa.gov

Charles Brock, NOAA, charles.a.brock@noaa.gov

Joshua DiGangi, NASA, joshua.p.digangi@nasa.gov

John Nowak, NASA, john.b.nowak@nasa.gov

Joseph Katich, Sharon Burton, John Hair, Glenn Diskin, Claire Robinson, Joshua Schwarz,
Taylor Shingler, Lee Thornhill, Edward Winstead,

Abstract: Biomass burningis a significant source of atmospheric particle emissions that have adverse
impacts on both local air quality as well as regional-to-global climate. Whileitis essential that we
better understand the magnitude of these emissions, itis also important to capture the evolution of
these particles in the near-field environment thatis some hours removed fromthe fire. Anideal
method for capturing this temporal evolutionis viain situ sampling of the smoke plume from
aircraft. Here, we present airborne observations of smoke particle properties and size distributions
asmeasured by the NASA Langley Aerosol Research Group (LARGE) during 2019 FIREX-AQ. Emissions
from both large wildfires in the western United States and smaller agriculturalfires in the
southeastern United States are examined. Repeatedtransects of the wildfire plumes at multiple
downwind distances allow us to chart the evolution of the totaland non-volatile particle number
concentrations and size distributions as a function of plume age and after CO2-correction for plume
dilution, while the agricultural fire plume transects were generally too short to assess aging impacts.
Itis found that both the totaland non-volatile size distributionmode diameters shift toward larger
sizes as the aircraft sampled farther downwindfrom the wildfires. The implications of this work for
theimprovement of the representation of wildfire particle size distributions in models willbe
discussed.

Keywords: FIREX-AQ, Particle, Size Distribution, Aircraft, In Situ Measurements, Plume Evolution
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123. Field data? FIELD DATA! - Learning more about smoke from small fires during the
NOAA/NASA FIREX-AQ campaign
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Abstract: Crop residue and rangelandburningis acommon practicein the United States but verified
ground-based estimates for the frequency of these firesis sparse. In this Ignite talk, we present a
comparison between known firelocations collected during the summer 2019 NOAA/NASAFIREX-AQ
field campaign with several satellite-based active fire detections to estimate the occurrence of small-
scale firesin agroecosystems. Field data was collected in the southern Great Plains and Mississippi
Delta of the United Statesin late August 2019, witha focus on collecting data to quantify fuel types,
fuel conditions, burnedarea, and to relay important missioninformation on where and approximate
height of smoke plumes. Allin situ fire locations were combined with 375 m Visible Infrared Imaging
Spectrometer (VIIRS), 1km Moderate ResolutionImaging Spectroradiometer (MODIS), and 2 km
Geostationary Operational Environmental Satellite (GOES) active fires to determine which active fire
product most closely aligned with location and timing of small fires. Fuel types gatheredin the field
were compared with the 30 m U.S. Department of Agriculture Cropland Data Layer (CDL)foryear
2019. Approximately 41% of the small fires documented during the FIREX-AQ field campaign were not
detected by GOES, VIIRS, and MODIS active fires. If GOES detections were excluded, only 5% of the
field-verified fires were detected. This suggests thatalarge amount of cropland and rangeland
burning —and associated smoke - are not detected by current active fire products from polar orbiting
satellites like MODIS and VIIRS, with implications for regional air pollution monitoring, emissions
inventories, and climateimpacts of open burning. Subsequent field campaigns to study atmospheric
chemistry of smoke will need field-based and community-level input to provide accurate locations of
smoke plumes from small fires.
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Abstract: Biomass burningis a significant source of atmosphericaerosols that degrade air quality and
exert a substantial radiative forcing on the climate system.Biomass burning derivedaerosols have
highly variable physical and optical characteristics that create large uncertainties in their
representation in models and theirinfluence on humanhealth and the climate system. During the



summer of 2019 we collected in-situ measurements of the physical and optical properties of biomass
burning aerosols emitted fromwildfires in the Western US and agriculturalfires in the Southeastern
USas part of the joint NASA-NOAA mission FIREX-AQ. We measured aerosol number, size, and
volumedistributions for bulk aerosols and non-volatile aerosols along with their absorbingand
scattering properties at three optically relevant wavelengths. Our airborne measurement platform
allowed for high timeresolution measurements of both fresh emissions andaerosols that have
undergone varying degrees of atmosphericagingin isolated smoke plumes. The fires we sampled
representarich variety of fuel types and compositions, environmental conditionsat the time of
burning, andfire characteristics such as combustion completeness. We compared our aerosol
measurements to ground-based fire characteristics to better understand the factors thatinfluence
the physicaland optical properties of biomass burning aerosols. The results of this study willreduce
variability in size resolved particle emission factors by isolating the influence of select fire
characteristics and ultimately improve therepresentation of biomass buming aerosolsand their
radiativeinfluencein atmosphericmodels including smoke forecastingand climate models.
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Abstract: FIREX-AQ was ajoint NASA-NOAA airborne field campaignto measure and characterize
smoke plumes over the continental United States from July to September of 2019. High time
resolution data was collected from the NASA DC-8 airborne platform, and the missiontargeted both
wildland and agricultural fires. In-situtrace gas ratios are used to characterize smoke plume
characteristics, including the modified combustion efficiency (MCE) and enhancement ratios which
can be used in the calculation of emission factors. In additionto using generalized ratios overafull
plume, trace gas ratios can be calculated with arolling window. These short-termrolling correlations
between trace gas species provide additional information for trace gas analysis andhave been used
to characterize chemical signatures between transport regimesin polluted regions. This work
characterizes how theserolling calculations of trace gas ratios can be applied to smoke plume data,
using both 1hzand 5 hz data. Considerations such as window width, theimpact of correlation cutoff,
and quality control of the resulting ratios are discussed. Finally, we show howthese short-term



correlations provide additionalinformationto trace gas ratios calculated with the more typical
plume-identification techniques.
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Abstract: Given the significance of wildfires as asource of pollution in the Earth system, thereis a
clear requirement for operational monitoring and forecasting of smoke emissions, theirimpact on
chemistry in theatmosphere and surface air quality. The Copernicus Atmosphere Monitoring Service
(CAMS), implementedby ECMWF on behalf of the European Commission, provides a unique
perspective onthetransportand impact of atmospheric pollution associated with wildfire emissions,



using near-real-time satellite observations of wildfire locations and emissions of aerosols and trace
gases. Five-day forecastsof global air quality, operationally produced twiceadayato UTCand 12
UTC at a spatial resolution of approximately 40km, are initialized from analyses which assimilate the
latest satellite observationsin a state-of-the-art global model. Regional air quality forecasts for
Europein CAMS utilize a suite of regional models which take lateralboundary conditions fromthe
global system. In addition to this, CAMS produces global reanalyses, providing consistent multi-year
(2003 to present) datasets of global atmospheric composition andair quality. This presentation will
use examples of acute wildfire cases in recent years (including Indonesia, Portugal and California) to
highlight how CAMS products workin real situations for monitoring and evaluating global wildfire
emissionsin relation to atmospheric compositionand air quality.

All Copernicus and CAMS data arefreeand open access and the products also include global fire
emissions based on active fire dataand newly developed inventories of anthropogenicand biogenic
emissions.
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Abstract: Regionally, thereis a strong relationship between area burnedand temperature and
precipitation. Empirical data demonstrate thatin the western US, area burned hasincreased
substantially and this correlates with increased temperature, earlier snowmelt, and increasedfuel
aridity. Projections of future areaburned built on theserelationships showa substantialincrease
under projected climatein the Sierra Nevada Mountains. However, the relationship between climate
and areaburned neglects theinfluence of vegetation. We soughtto accountforthevegetation
feedbackin areaburned under projected climate by simulating vegetation dynamics under projected
climate and accounting for theinfluence of prior fire events on subsequent areaburned. Weran
simulations under projected climate from three global climate models across three transects
(southern, central, northern)in the Sierra Nevada. Ateach decadaltime-step we used the simulated
areaburned during the prior decade to estimate a distribution of area burned for the subsequent
decade using generalized Pareto distributions of log-area burned (dynamic). Wealso ran simulations
with area burned distributions driven only by projected climate (static). We estimated emissions
from the two scenarios using the FINN model algorithm.



We found thatthelargest decreasein cumulative area burned under the dynamicscenario occurred
inthe southern transect (-21.8%), followed by the northern (-14.5%) and central (-9.8%) transects. At
thescale of themountain range, the area-weightedmean cumulative area burned decreased by 2563
km2 when we accounted for the effects of wildfires in the previous decade on vegetation. This
equated toa 14.3%reduction in area burned whenaccounting for the vegetation-fire feedback. As a
result of reduced area burned, cumulative carbondioxide emissions decreased by 38.3 Tg and
particulate matter (PM1) decreased by 0.6 Tg. Ourresults demonstrate theimportance of
accounting for theinfluence of prior fire events on the vegetation communityand howthat factor
feeds back to limitarea burned. While the vegetation-fire feedback does constrainprojected area
burned, the proportionof the Sierra Nevada projected to be impacted by wildfire and theresultant
emissions will pose air quality challenges for California.
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Abstract: Wildfires, especially megafires, haveincreased dramatically in the western United States in
recent decades. Firesandsmokearegetting moreand moreto urban areas, leadingto severe air
quality and humanhealth impacts. This study projects the future trends in wildfire and smoke in this
region under changing climate. Future fires were projected using a fire model developed based on
the extreme value theory. The dependent variable is occurrence of fires at a certain size range. The
independent variables are the Keetch-Byram Drought Index at variousanomalous levels and the
corresponding moisture anomalies. Fuelloading was determined based of simulations of a dynamical
globalvegetation model. Fire emissions were calculated using the Fire Emissions Production
Simulator (FEPS). Smoke processes, including transport, dispersion, and chemical reactions, were
simulated using the Community Multiscale Air Quality (CMAQ) model. The future climate change
scenarios were obtained from WRF downscaling of the NCAR Community Earth System Model
(CESM) climate change projection. Wildfires are expected to increase from the beginning to middle
of this century. Theincreasing rates depend on fire size, less than 10% for small fires but over 80% for
megafires. The emissionsand atmospheric concentrations of PM2.5are likely to increase accordingly
in both the fire sites and many urbanareas. As aresult, increasing air pollution and public health
threats of smoke are expected in the western United States.

Presenter Bio: Dr. Yonggiang Liu is a Research Meteorologist from USDA Forest Service, Center for
Forest Disturbance Science, Athens, GA,USA. His researchis focused on climate-forest ecosystem
interactions to understandforest disturbances (wildfire, land cover change, and forest water stress),



theinteractions with climate, and the environmental consequences. The combinedapproach of field
measurement, data analysis, andnumerical modelingis used to investigate the processes,
mechanisms, and impacts of the disturbances andto develop evaluation and prediction techniques.
Thefindings are expected to help strategy development and implementation to reduce forest
vulnerability to forest disturbances and their adverse environmentalimpacts. He has published over
100 journal papers.
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Abstract: Climate changeis increasing the frequency, intensity,and duration of wildfires. Toreduce
personal exposure to wildfire smoke and resultingadverse health effects, N95 respirators have been
used by the general publicto filter out particulate matter presentin smoke. How ever, the mandatory
use of N95 masksin an occupational setting requires medical clearance, propertraining, andfit
testing. This practiceis not currently being followed by the lay public. The goal of this projectis to
quantify the transference of knowledge from different training communicationmediums into N95
respirator fitin a convenience sample of individualsnot formally trained. This study will help evaluate
the appropriateness of N95 masks, and publicly available training materials, as a publich ealth
intervention for reducing personal wildfire smoke exposure. A pre/post-test, quasi-experimental
study will assess how three communication mediums currently available to thelay publicfor Ng5
respirator use translateinto proper fit. An OSHA regulated respiratory fit test willbe done prior to
and after each participant receives their randomly assigned communication mediumto determine
theirindividual fit factor. Statisticalmethods willbe used to assess the effect size of the knowledge
transfer of each communicationmedium. A third respiratory fit test willbe done to see the effect of
correct respirator size, in addition to training, on proper fit. AKnowledge, Attitude and Practices
(KAP) survey willbe administered, as well as an analysis of the observed behavior of participants, to
identify challenges and gapsin knowledge and actionsfor proper use of Ng5 respirators. We predict
that theseresults will inform recommendations for training materials for the lay publicsurrounding
N95 respiratoruse.

Presenter Bio: Kaitlyn Kelly is a graduate student at the University of Washington, whereis she
currently working on her MPH in Environmental and Occupational Health Sciences. Herresearch
interests arein wildfire smoke and publichealth interventions. She has her BSin Environmental
Health from Baylor University. Kaitlynis also the new ambient air quality policy specialist at the WA
State Department of Health.
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Abstract:
Background: Wildfire smoke events have been growing in Washingtonwith smoke covering the state
during the last two summers, andthe frequency of wildfires is expected to continue to increase.

Problem: Wildfire smoke adversely impacts health with minor to severe sym ptoms. Health officers
and local healthjurisdictions rely on direct health guidance to protect publichealth. Increasesin
wildfire smoke haveled to a greater need for statewide preparedness, communicationresources,
and consistency in publichealth actions and health messages.

Methods: Attherequest of leadership from local health jurisdictions, the Wildfire Smoke Impacts
Advisory Groupwas convenedby the Washington Department of Health to address key topics to
assistlocal, state and tribaljurisdictions and decision makers to protect publichealth. In 2019, the
advisory formed 3 workgroups to develop: 1) a custom toolkit for local outreach and communication,
2) guidance for schooland outdoor event closures,and 3) guidance for low-cost sensors to use for
health decisions. These activities are targeted atimproving publicoutreachand communicationand
providing evidence-based guidance.

Results: A custom toolkit to serve as a plan for public health outreach and communication, including
ready-to-use templates that can be customized by local agencies, was developed andis available for
use. Development of guidance for school closures and outdoor event cancellations during wildfire
smoke episodes is complete, and a pilot study that uses air sensors to inform health decisions about
indoor air quality is underway.

Implications:

Communication resources with consistent and audience-specific messages related to pre- and during
wildfire season are now available and customizable for agencies; and recommendations for school
closure and outdoor event cancellation will support local decision makers. These resources and
recommendations willimprove readiness and response to wildfire smoke events across the
Washington State publichealth system.

Keywords: smokereadiness, smoke response, communicating impacts

Presenter Bio: Kaitlyn Kelly is the ambient air quality policy specialist at the WA State Department of
Health. At WA DOH, Kaitlyn investigates the health impacts of wildfire smoke and provides p olicy
recommendations. Kaitlyn isa member of the Wildfire Smoke impacts Advisory Committee to
develop guidance for statewide wildfire smoke response. Kaitlyn has a BSin Environmental Health
from Baylor University and is currently working on her MPH at University of Washington, where her
focusis on risk communicationand publichealth interventions for wildfire smoke.
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Abstract: Smoke from wildfires contains many air pollutants of concern including particulate matter
(PM), carbon monoxide (CO), nitrogen oxides (NOX), methane (CH4), polycyclicaromatic
hydrocarbons(PAHs),and volatile organiccompounds (VOCs), and contributesto formation of
ozone (03)and secondary PM. Epidemiological studieshave identified associations between
exposure to wildfire smoke PM2.5 and mortality and respiratory morbidity,and a possible
association with cardiovascular morbidity. For this study, air quality modelling was performedusinga
retrospective analysis of Environment and Climate Change Canada’s FireWork PM2.5 forecasts, to
quantify the exposure to wildfire-PM2.5 across the Canadianpopulation. The modelincluded wildfire
emissions from across North America fora5-month period from May to September (i.e. wildfire
season), between 2013 and 2018. Large variations in wildfire-PM2.5 were noted year-to-year,
geospatially, and withinfire season. Themodelresults were then used to estimate the national
population health impacts attributable to wildfire-PM2.5using Health Canada’s Air Quality Benefits
Assessment Tool (AQBAT). The analysis estimated annual premature mortalities ranging from54-240
premature mortalities attributable to short-termexposure and 570-2500 premature mortalities
attributable to long-term exposure, as wellas many non-fatal cardiorespiratory health outcomes.
Combined these healthimpacts have an estimated value of $4.6Bto $20B peryear. The health
impacts were greatest in the provinces with populations in close proximity to wildfire activity,
though health impacts were also noted across many provinces indicating the long-range transport of
wildfire-PM2.5. Understanding the populationhealth impacts of wildfire smokeisimportant as
climate changeis anticipated to increase wildfire activity in Canada and abroad.

Keywords: health impact analysis, wildfire smoke, Canada
Presenter Bio: Carlyn Matz, PhD, is a Senior Evaluator in the Air Program of Health Canada. She has

experience conducting risk assessments of vehicle exhausts and traffic-related air pollution. She also
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Abstract: Central to public health risk communication guidelines is understanding and tailoring
messaging to theintended audience. In the context of wildland fire smoke, that task is particularly
challenging given that the audience may encompass entire communities and regions, and there may
be arange of perspectives and values among individuals who need the information. We examine
individuals’ perspectives on theissue of wildfire smoke as a health risk and whatrole these play in
engagement with a health risk communication citizen science project called Smoke Sense.

We used cluster analysis to identify perception traits based on: health status, experience with
wildland fire smoke, risk perception, self-efficacy, access to exposure-reducing resources, health
information needs, and openness to health risk messaging. We used multinomial logit modeling to
examine whetherthese perceptions are a function of an individual’s demographics, andto assess
how engagementwith the app differs across clusters we used analysis of variance. Finally, we
mapped these traits to the Precaution Adoption Process Model to indicate where each trait lies in
adopting recommendedhealth behaviors and suggested messaging strategiesthat may be suitable
foreach trait.

Health status, risk perception, self-efficacy,and health informationneeds of the participants were
themostinfluential factors in defining five perception traits of shared perspectives on theissue of
wildfire smoke as a health risk. The five traitsincluded those who were individuals whowere simply
Unengaged withtheissue; those who were Cautious about their health and air quality; those who
tended to be Proactive with their health; individuals who are highly Susceptible to health effects of
air pollution; and those whoare decided health Protectors. Trait profiles were not defined by
demographics,and engagementin the app varied by perception traits. Individuals in the Susceptible
trait engaged the most thus meeting theirinformational needs.

Understanding theintended audiences is critical to increase the effectiveness of health risk
communicationmessagingabout wildland fire smoke.

Disclaimer: The views in this paper belong to the authors and are not necessarily those of the U.S.
Environmental ProtectionAgency.
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Abstract: Fires that occurin the wildland urbaninterface (WUI) often burn structures, vehicles, and
theitems contained within them as well as biomass in the naturallandscape. Because thesefires
often burn near population centers, their emissions may have a sizeable impact on public health,
necessitating a better understanding of criteria and hazardous air pollutants emitted fromthese
fires, and how they differ from wildlandfires. Previous studies on the toxicity of emissions from the
combustion of building materials and vehicles have shownthat these fires emit numerous toxic
compounds suchas HCN, HF, HCl, isocyanates, PAHs, dioxins and furans,and arange of toxic organic
compounds (benzene toluene, xylenes, styrene, formaldehyde, etc.) and metals (Cr, Cd, As, etc.). We
surveyed theliterature to createa comprehensivelist of emission factors of hazardous air pollutants
from the combustion of building materials and compared them to those from wildland fires.
Emission factors for some toxic compounds like polycylicaromatic hydrocarbons (PAH) and toxic
organiccompounds were 5 —2,500 times greater than those from natural fuels. However, large gaps
in the dataremain, particularly on the emissions of toxic metals, dioxins,and inorganic gases like
NH3, NOx and SOx. Additionally, accurate estimates of fuel consumption in the built environment
and natural environments are stillneeded to understandtheimpact of emissionsfrom firesin the
WU, particularly as we expect more wildland fires to extend into the WUl in the future.

Theviews expressed in this abstract are those of the authors and do not necessarily represent the
views or policies of the U.S. Environmental Protection Agency.
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Abstract: In an era of increasing wildfire frequency and intensity, an accurate estimation of the
emissionsreleased to theatmosphereis essential to analyze and reduce theirimpacts. In 2017 Chile
suffered the most devastating fire season recorded. This study presents an approachto improve the
estimation of GHG emissions frombiomass burningin the native sclerophyll forest of Chile. We apply
the IPCC equation to estimate emissions, which considers the burned area, biomass (dry matter), the
percentage of biomass combusted (called burning efficiency), and emission factors. We used the
burned area perimeters produced by the National Forest Corporation, andthe emissions factors
from theliterature, using the most similar vegetation types available. In this study, weimprove the
accuracy of our estimations by introducing field measurements of biomass andadapting the burning
efficiency (BE) factors to different levels of burn severity computed from Sentinel-2 data. The
biomass measured in the field complemented the data foundin theliterature and demonstrated that
an updated field-based biomass estimationis needed in highly endemic ecosystemstoimprove the
accuracy of the estimations. The BE estimations were calculated from measures taken on thefield
comparing areas affected by the fire and adjoining non-affected areas. These measures were
calculatedin severallevels of burn severity, assigning then a BE factor to each burn severity and
vegetation type. The missing values were computedby interpolation. We compared the field-based
values with thevaluesin theliterature, expressing the need for burn severity dependent BE factors.
The emissions derived were compared with the emissionsfrom the GFED product showinga good
agreement, although GFED values were higher than ours, suggesting that GFED may overestimate
the emissions due to their coarseresolution and the generalized BE factors which are applied to
large ecosystems.
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Presenter Bio: Dr. Patricia Olivais an Assistant Research Professor at Hemera Earth Observation
Center at University Mayor, Chile. She graduated from the University of Alcala (Spain ), where she
also completed the Ph.D. program on Cartography, SIG and Remote Sensingin 2010.Sheis a
dedicated teacher with more than 14 years of experience working with satellite data, has
participated in 12 research projects, and published 11 papers. Sheis currently leading two research
projects to study the effects of forest fires emissions on publichealth and to develop an automatic
burned area mappingalgorithmfor Chile.

136. Effect of moisture content and fuel type on emissions
Presenter: Priya Garg, PhD Student, University of California, Berkeley, pgargi2@berkeley.edu

Additional Author(s):

Michael J. Gollner, Assistant Professor and Deb Faculty Fellow, University of California, Berkeley,
mgollner@berkeley.edu

Jacqueline Matz, PhD Student, Northeastern University, matz.ja@husky.neu.edu

Matthew Eden, PhD Student, Northeastern University, eden.m@husky.neu.edu

Jessica Oakes, Assistant Professor, Northeastern University, j.oakes@northeastern.edu



Chiara Bellini, Assistant Professor, Northeastem University, c.bellini@northeastern.edu

Abstract: The effects of fuelmoisture content (FMC) on emissions under both flaming and
smoldering combustion conditions were studied for a variety of wildland fuels found across the
United States. A mixture of particulate matter and gaseousspecies are emitted during the event of a
wildfire and it negatively impacts the health of first responders, nearby populations,and the earth
climate system. Recent studies have shownboth short and long-termhealth effects from these
emissions to the pulmonaryand cardiovascular systems. Earth-climate simulations also rely on
estimates of global carbon production fromfires. Many previous studiesmeasuring the emissions
from field burns and laboratory experimentsare available; nonetheless, they often do notisolate the
effect of fueltype, fuel-moisture content (FMC) andmode of combustionon emissions.

In this study, a custom linear tube-heater apparatus was developedto produce a steady-state
emission from different combustion modes overawiderange of FMC. The concentration of
particulate matter and gaseous species showeda significant relationship with FMC for both flaming
and smoldering combustions. As expected, smoldering combustionhad anincreasein the
production of CO, particulate matterandunburned hydrocarbonswhen compared to the flaming
combustion. Flaming-mode emissionfactors were significantly correlated with FMCwhile it had little
influence on emission factors for smoldering combustion when considering the dry mass of the
burned fuel. These variations occurred for certain fuel species, but not for all, representing that the
type of fuel plays animportantrole and this may be due to the chemical makeup of moistand
recently live fuels. Theresults were discussed and compared with previous measurements, where
good agreement was observed.
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Presenter Bio: Priya Gargis a Ph.D. studentin the Departmentof Mechanical Engineering at the
University of California, Berkeley. She graduated in Aerospace Engineering from SRM University,
Indiain 2014, and shereceived her MSin Space Engineering from Politecnico di Milano, Italy in 2017.
Her researchis focused on the quantification of emissions from wildland fires.

137. Global Biomass Burning Emissions Product from MODIS and VIIRS Active Fire
Detections

Presenter: XIAOYANG ZHANG, Professor, South Dakota State University,
xiaoyang.zhang@sdstate.edu

Additional Author(s):
Shobha Kondragunta, Physical Scientist at NOAA NESDIS STAR, shobha.kondragunta@noaa.gov
Fangjun Li, post-doctoral fellowship at South DakotaState University, Fangjun.li@sdstate.edu

Abstract: Biomass burning emissions (BBE) deteriorate air quality and impact carbonbudgets
because of a largeamount of aerosols and trace gases released into the atmosphere. Accurate BBE
estimates are crucial for air quality monitoringand forecasting. To serve aerosol model applications,
we developed the Global Biomass Burning Emissions Product eXtended (GBBEPx V3, usingFire
Radiative Power (FRP)retrieved from MODIS on both Terraand Aqua andVIIRS on both SNPP and
NOAA-20 satellites. Specifically, the MODIS FRP flux s first employed to calculate daily BBE using



coefficients that are determined by comparingthe FRP flux with Global Fire Emissions Database and
MODIS aerosol optical depth (AOD). By taking MODIS-FRP-derived BBE as areference, FRP retrieved
from SNPP VIIRS and NOAA-20VIIRS are then associated to daily biomass burning emissions species
of CO2, CO, SO2, OC, BC, PM2.5,NOx, and NH3. The GBBEPx V3 is produced daily by blending BBE
estimated from MODIS and VIIRS fire FRP, which containsa set of output products thatinclude
average FRP and BBE with a grid size of 0.25°x0.3135°, 0.1°x0.1°,and FV3 C384 grid. The GBBEPx
emissions are evaluated using the PM2.5 estimated from inverting MODIS AOD during Terra (~10:30
am local time) and Aqua (~13:30 pm local time) overpasses over the wildfireregionsacross the
United States from 2016 to 2018. The evaluationshowthat the GBBEPx PM2.5 is significantly
correlated to AOD-based PM2.5 estimates (R2=0.58, p<0.001),and that the GBBEPx PM2.5 is likely to
be underestimatedby about16% due to the omission error of satellite fire detections. Finally, the
GBBEPx V3 willbe enhanced by fusing FRPobservationsfrom MODIS, VIIRS,and GOES-16 ABI to
generatediurnal FRP pattern.As aresult, the next version of GBBEPx will be able to produce hourly
biomass burning emissions to improve the aerosolmodel application.

Presenter Bio: Hereceived the Ph.D. degree from the King's College Londonin 1999.Heis a
professorand senior scientist with the Geospatial Sciences Center of Excellence at South Dakota
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dynamics and biomass burning emissions from polar-orbiting and geostationary satellites.
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Abstract: Wildfires, especially large wildfires, emit a large amount of air pollutants. Their
environmental consequences are especially significantin China, one of theregionsin the world with
thesevere air pollutions including frequent occurrences of hazeand smog. Local sources such as
vehicle exhaust and factory fossil fuel combustionhave been quantified butlittleis known about the
contributions fromwildfire emissions to air pollutions in China. This studyinvestigated thisissue by
examining 10 large wildfires with burnedareas over 100 hmz2 in recent decades, focusing on
comparisons between the Northeast and the Southwest. The Northeast has typical cold temperate
forests with the dominant vegetation type of cold temperate coniferous forest. This regionhas the
largestburned areasin China. In contrast, the Southwesthas warm subtropical forests with
coniferous forests, broad-leaved forests, mixed forests,and shrub forests. This region has the most
frequent firesin China. The fire emissions were calculated based on burned areas andfuelloads. The
atmospherictransportwas simulatedusingthe HYSPLIT model. Theresults showremarkable
differencesin fire emissions, smoke transport,and the air quality impacts betweenthe two regions.



Wildfires had longer burning durations, larger fire areas and emissions, and longer smoke transport
rangesin the Northeast than the Southwest. However, the air quality impacts werelargerin the
Southeast because of much denser populationand the fires were closer to residential areas. Burns of
the cold-temperate coniferous forestshad thelargest emissions, followed by temperate coniferous
forests, mixed forests, temperate broad-leaved forests,and temperate shrubs and meadows.
Meteorological conditions, especially wind direction and windspeed, were the key factors the smoke
transportranges and the concentrations of PM2.5 and other air pollutants.

Presenter Bio: Dr. Fengjun Zhaois a scientist from Chinese Academy of Forestry, Beijing, China. Her
research areas include fire and smoke, forest fuels, andweather-fire interactions. Besides researchin
China, shealso has worked on anumber of international fire and smoke projects through
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Abstract: In California and throughout western North America, smoke exposure from wildfires has
becomea growing publichealthissue,yet managers andscientists have also recommendedusing
wildland fires to restore forests and reduce theimpacts of smoke from poorly controlled wildfires.
Addressing this two-sided sword requires science to understand tradeoffs. However, it is challenging
to shift evaluations fromthe scale of individual fires to long-term fire regimes under different
management strategies. To confront this challenge, we integrated three widely-used modeling tools
to analyze smokeimpacts across different management scenarios within afuture of changing
climate. We applied this framework to a case study in the Lake Tahoe basin, in which managers
proposed scenarios thatinvolved varyinglevels of hand and mechanical thinning treatmentsand
prescribed fires. First, we modeled fuelloads and associated daily fine particulate emissions from
wildfires using the LANDIS-Il model.Second, we modeled smoke transport to downwind
communities fromrepresentative future fires using the BlueSky smoke dispersionmodel. Third, we
estimated human healthimpacts resulting fromthe modeled smoke usingthe U.S. Environmental
Protection Agency’s BenMAP model. Due to computation challenges, we only modeled thelong
term regime dynamics throughthe first step of daily emissions; we modeleddispersionand health
impacts based upon events selected to be representative of different management scenarios. Our
resultsindicated that forest thinning treatmentswould reduce emissions fromwildfires over
decades, which may yield health benefits great enoughto support substantial increases in fuels
management. We also found that prescribed burningwould reduce the health impacts associated
with large wildfires, but would resultin much more frequent moderate emissions. Furthermore,
individual prescribed fires could have substantialimpacts given unfavorable dispersion. Because
dispersion and resultingimpacts vary so greatly withweather conditions, more extensive analyses is
needed to better quantify impacts of different management regimes. Our frameworkillustrates how



to evaluate tradeoffs more comprehensively, provided that data managementand processing

challenges can be overcome with more powerful computers, continuedmodel enhancements, and
better linkages between models.

Keywords: air quality, smoke modeling, emissions modeling, California, USA, particulate matter,
wildland fire, prescribed burning, economics, tradeoffs
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Abstract: The Environmental Protection Agency (EPA) revised the Exceptional Events Rulein 2016 to
include, among other things, language confirming that wildfire events are natural events. The revised
rulealso offers air agencies someregulatory flexibilities when considering emissions fromwildland
and prescribed fires that satisfy the Exceptional Events Rule criteria. Since 2016, EPA hasissued two
guidance documents to assist air agencies in preparing exceptional events demonstrations for
wildfire and prescribed fires. The most recent document, “Exceptional Events Guidance: Prescribed
Fire on Wildland that May Influence Ozone and Particulate Matter Concentrations,” was released in
August2019.This presentation provides an overview of the Prescribed Fire guidance document.
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Abstract: New and improved operational smoke analysisand prediction products haverecently been
coming onlineto support wildlandfire management and air quality agencies. In the first of two
linked talks, we discuss tools developed by orincorporated into operations at the Desert Research
Institute (DRI)in partnership with the U.S. Forest Service. At DRl aweb-based version of Piedmont-
PB isnow available foridentifying and forecasting Superfog events. These are events where smoke
and high atmospherichumidity combine to often rapidly restrict visibility. This tool can be used in
preplanning to help assess road visibility impacts from smoke. Related, Superfog AnalysisModel
(SAM)was developedin 2012 to aid land managers by enabling themto quickly assess situations as
favorable or unfavorable to the formation of Superfog. Originally developedas a PC version, online
access isnow available to also support assessment of potential road impacts fromsmoke. Related to
Superfog, climatology maps of Superfogforthe continental U.S.are now available online. These
maps depict frequency counts of Superfog potential based on gridded numerical weather output.
Bluesky version 4 has recently been linked with California’s Prescribed Fire Incident Reporting
System (PFIRS). In this system, BlueSky modelling output informs prescribed burning fromthe PFIRS
frameworkin orderto assistland managers andairregulators with prescribedburning decisions. The
Western Regional Climate Center (WRCC) at DRI serves as the USFS fire cache smoke monitor data
archive, providing real-time data displays and maintaining the historical dataset. These tools and the
underlying data arelargely available and accessible by researchers and public, making these systems
aresource notonly for communication with the publicbut also additional research into the human
health and economicimpacts of wildland fire smoke. In this presentation we provide an overview of
these products and highlight their utility in providing decision-support for smoke related activities.
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Abstract: New and improved operational smoke analysisand predictionproducts haverecently been
coming onlineto support wildlandfire management and air quality agencies. In the second of two
linked talks, we discuss tools developed by orincorporated into the US Forest Service (USFS) led
Interagency Wildland Fire Air Quality Response Program (IWFAQRP). This includes recent
developmentsin aggregating ground monitoring data and new map systemsfor displaying and
analyzing results. The daily BlueSky smoke forecastruns done by the USFS AirFire Team now
includes an updated version of BlueSky and including CMAQ runs. BlueSky has been rewritten for
version 4, making it more modular, faster,and incorporating updated model versions. Theseruns use
a new FireInformation Systemthat has been developed that aggregates multiple satellite detection
systems and statistical ways to assign fire size. These detects are also applied in a revised way by the
BlueSky Smoke Modeling Framework version4. BlueSky version4 is also used within the new
BlueSky Playground version 3 customizable modeling system. Updatedformats for Smoke Outlooks
issued by IWFAQRP Air Resource Advisorshave been developed. These tools and the underlying data
are largely available and accessible by researchers and public, making these systems aresource not
only for communicationwith the publicbut also additional research into the humanhealth and
economicimpacts of wildland fire smoke.
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144. Rapid Update Automated Smoke Forecasting
Presenter: Martin Cope, Dr. Martin Cope, CSIRO, martin.cope@csiro.au

Abstract: In Australia, the occurrence of wildfires correlates with the onset of extreme fire weather-
dry fuelloads, low humidity, strengtheningwinds and elevated temperatures. Under such
conditions, fires can be readily ignited by lightning, power line failures, or human intervention. Rapid
growth in the areaand intensity of the fire front may then follow.

Minimisation of direct fireimpacts is achieved when emergency response centres can rapidly
coordinate and deploy assets to control the fire while it remains constrained in size and intensity.
While this approach necessarily focuses on the protection of lifeand infrastructurein the near field,
an externality of the wildfireis the production of smoke and ash, which has the potential to rapidly
impact communities far downwind of the fire. This can lead to population health impacts resulting
from the exposure to smoke. Population consternationand anxietyis also an outcome when
reduced visibility; ash fall; or smoke odouris associated with the presence of a wildfire.

Fortunately, itis possible to preempt such population outcomes by providing advanced warning of
potential smokeimpacts. In this presentation, we willintroduce a framework which has been
developed to providerapid forecasts of smoke impacts following the automated detection of smoke



downwind of recently ignited wildfires. The following components of the framework willbe
discussed.

1. Automated detection of wildfire smoke using (10 minute updated)geostationary satellite
multi-spectral observations coupled with amachinelearning algorithm trainedto identify
smoke plumes.

2. Acomputationally efficient fire behaviour model coupled with a smoke emissions model.
Aregional chemical transport model which is forced by pre-calculated daily weather
forecasts.

4. Modulesto calculate the population exposure, ash deposition andvisibility reduction
resulting from the wildfire smoke plume.

We will present a case study based on an observed smoke eventin the Northern Territory, Australia,
where smoke from aremote and evolving wildfireimpactedthe city of Darwin.

Keywords: Smoke forecasting, machinelearning, rapid response, satellite observations, early
warning system

Presenter Bio: Martin has worked in the area of air quality modelling andapplications for over 30
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P1. NWCG Smoke Committee (SmoC)

Presenter: David Mueller, Natural Resource Specialist, DOl Bureau of Land Management,
dmueller@blm.gov

Abstract: The National Wildfire Coordinating Group’s (NWCG) Smoke Committee (SmoC) provides
interagency leadership, coordination andintegration of air resource and wild landfire management.
Air quality is critical to human health and fireis a critical disturbance process in wildland ecosystems.
SmoC promotes management andutilization of wildland fire while addressing smoke impacts, for
the health and safety of the publicand fire personnel. Membersinclude federal, state and private
land management and conservationagencies with state and local air quality agencies. SmoCincludes
the Techinical Smoke Topics, Smoke Managers and Training subcommittees. SmoCpartnerswith the
University of Idaho and Fire Research and Management Exchange System (FRAMES) developinga
website (www.frames.gov/smoke), whichhas interactive training on “Smoke Management and Air
Quality for Land Managers” that reflects the latest in air quality regulations. SmoCproductsinclude
the Smoke Management Guide, Wildland Fire Personnel Smoke Exposure Guidebook and the
Transportation and Smoke Workbook. Activities include sharing the latest regulations whichaffect



fire use, coordinationduring wildfire seasonon smoke and deployment of Air Resource Advisorsand
smoke monitoringinstruments.
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Presenter Bio: Dave has almost 4 decades of wildland fire management with the federal
government.Hehasbeenin his currentjob as BLM Natural Resource Specialist at the National
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P2. CALIOP View of Smoke in the Northern Hemisphere
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Additional Author(s): Jay Kar, Senior Research Scientist, Science Systems and Applications, Inc.
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Abstract: The CALIOP lidar on board the CALIPSO satellite provides valueinformation on the vertical
andregional distribution of smoke. Qualitative information on particle sizeand shape can also be
evaluated with the lidar measurements. With over 13 years of observations, the CALIOP data record
caninsightinto trends and typical behavior of smoke eventswithin the PBL, free troposphere, and
lower stratosphere. Regional differences in smoke characteristics can also be discerned. The
CALIPSO mission also provides a near-real time product of cloud-cleared attenuated backscatter for
assimilation into aerosoltransport models. This presentation willsummarize the CALIOPview of
smoke from wildland fire events over the northern hemisphere. The three dimensional distribution
of smoke will be evaluated along with observed variability in optical properties as measured by
CALIOP.

Keywords: space-based lidar
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M. Schivo, B. Kuhn, A.A. Zeki, N.J. Kenyon, A. Haczku

Abstract: RATIONALE:

The “Camp Fire” burned 2018 Nov 8-25 with a wide dispersal of smoke that resulted in 3 Northern
California cities declared as the most polluted cities in the world. The effects of wildfire smoke
inhalation on theimmune system are unknown.We hy pothesized that wildfire smoke exposure
activates aninnateimmuneresponse.

METHODS:

Healthy subjects were recruited from 2018 Nov 21-27 during the time of the Camp Fire smoke
exposure[WF; n=7]and 3-6 months post-wildfire season [postWF; n=16].4 of the WF subjects were
re-recruited in the postWF cohort. Peripheral blood was collected at recruitment and therecovered
cells were stained for cytoplasmicand membrane markers with fluorescent conjugatedantibodies.
To study cellular componentsof theinnate immune system, Innate Lymphoid Cell (ILC), Natural Killer
(NK) cell, and Dendritic Cell (DC) multicolor characterization was performed using standard flow
cytometricgating strategy. FACS data was analyzed by FlowJo®. Peripheral blood was also collected
fora CBC panel.

RESULTS:

Compared to postWF, WF subjects had decreased counts of myeloidcDC2 [P=.022], but no changein
myeloid cDC1, DC4, nor plasmacytoid DC. WF subjects had increased CCR4 positive cDCis [P=.058],
cDC2s[P=.004],and DC4 [P=.007]. WF subjects had increased CD8+ T cell count[P=.039] compared
to postWF in the circulation. WF subjects also had increased counts of ILC that expressed
cytoplasmicIL-13 [P=.02], decreased counts of ILC2[P=.041],and anincreasein ILC1:1LC2 [P=.003]
compared to postWF subjects. There was no significant differencein ILC1 nor ILC3 counts between
the two recruitments. WF subjects had decreased NK cell count[P=.047]butno changein percent of
NK cells expressing NKp46 activation markerin the peripheral blood.

CONCLUSION:

Thedecrease in the DC countsin the peripheralblood and anincreasein their expression of the
chemokinereceptor CCR4 suggestincreased migration of these cells to peripheral tissues. The
increasein IL-13+ILCs, and DC activation in subjects during wildfire season, comparedto subjects
post-wildfire season, suggests a pro-inflammatory effect of wildfire smoke inhalation.

Keywords: Wildfire, Smoke, Dendritic Cell, Innate Immune System
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I am thinking that a poster would be difficult to share with my colleagues in Raleigh? Thus | would
preferan oral presentation.

Abstract: Robust spatially and temporally resolved observations of fire activity are essential to
prediction of theimportant air quality and climate effects of biomass burning smoke. Satellite
detection of fires with the coverage and frequency necessaryforregionalandglobalmonitoring
relies on weather-based satellite sensors with limited sensitivity to fires. This sensitivity varies as a
function of viewing geometry, which results in a systematicartifactin fire detection time series data
generated from polar orbiting satellites. We demonstrate how this variability can be characterized
and corrected. A corrected time seriesis generated with our methods to provide a spatialand
temporal description of fire activity thatimproves correlation with higher-resolution observations.
This method is applied to MODIS and VIIRS active fire detections, and evaluated by comparison with
geostationary fire detection products and other data. Theimplications of our results for effective
combination of polar and geostationary fire detections are also described.

Keywords: MODIS VIIRS FRP energetics satellite emissions

Presenter Bio: Dr. Edward Hyeris a Physical Scientist at the Naval Research Laboratory in Monterey,
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observations.

Ps. Characterization of Carbon Dioxide, Methane, and Black Carbon Emissions from Two California
Wildfiresin 2019

Presenter: Shang Liu, Air Resources Engineer, California Air Resources Board, shang.liu@arb.ca.gov

Additional Author(s): Toshihiro Kuwayama, Air Resources Supervisor I, CaliforniaAir Resources
Board

William Vance, Air Pollution Specialist, California Air Resources Board

Hyung Joo Lee, Staff Air Pollution Specialist, California Air Resources Board

Seyedmorteza Amini, Air Pollution Specialist, Califomia Air Resources Board

Abstract: California’s Natural and Working Lands (NWLs) cover over 9o% of the State and provide
life-sustainingresources such as clean airand water. NWLs can act as sinks for greenhouse gas (GHG)
emissions, which makes it a critical component of California’s integrated climate change strategies
However, California’sNWLs are net GHG source rather than sink mainly due to increasing wildfire
events thatrelease vastamount of carbon thatlargely exists in the form of carbon dioxide (CO2).
Simultaneously, short-lived climate pollutants (SLCPs) such as methane (CH4) andblack carbon (BC)
are also emitted during wildfires. These emissions counter the benefits that result from California’s
anthropogenic SLCP Reduction Strategy. Models that are used to estimate wildfire-emitted
carbonaceous materials are highly uncertain, in part due to the paucity of real-world measurements
that characterize the evolution and emissionfactors (EFs) of wildfire smokes. Improved
understanding of wildfireimpacts will help develop a comprehensive strategy that guides California
toward achieving its overall climate and air quality goals.

This study characterized CO2, CH4 and BC emissions fromthe Springs Fire and the Kincade Firein
2019 using amobile lab operated by the California Air Resources Board (CARB). CO2, CH4, carbon
monoxide (CO), and BC were measured usingreal-time analyzers. CH4 correlated well with CO for
both fires, suggesting that CH4 is mainly emitted during smoldering phase combustion. The EF of



CH4 ranged from 2.5to 9 kkg-1and strongly decreased with increasing modified combustion
efficiency (MCE). In contrast, EF of BC had weak dependence on MCE. In addition, it was determined
that the Kincade Fire was associated with higher EF for CH4 and lower EF for BC compared to the
Springs Fire. This highlightsthe importance of understanding the burning conditions, the duration,
and thefueltypeto properly characterize individual wildfire emissions. The results presented in this
study willaid in improving the performance of the First Order Fire Effect Model (FOFEM) towards a
predictive understanding of wildfire behavior andemissions. This effort will lead to the development
of better forest management strategies to preserve California’s NWLs.
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Abstract: Pyrolysis, the thermal breakdown of a solid wildland fuelinto combustible gases, is the first
step in the suite of chemicaland physical processes associated with a prescribed fire. Combustion
(oxidation) may follow pyrolysis producing smoke which is a mixture of gases, particulates and water
vapor. To better model prescribed fire using physicalmodels, we have measured pyrolysis of 15 plant
species foundin southern U.S.forests. These data have been analyzed and published using familiar
statistical techniques; however,the methodsused did notrecognize the inherently multivariate and
relative nature of the data. Compositional data analysis(CoDA) was developed for these data which
describe the composition of things. CoDAtechniques willbe applied to determineif plant species,
plant moisture content, and heating mode affected the composition of pyrolysis gases. If possible,
CoDA techniques willalso be used to examine therelationships between pyrolysis measurements
performed atbench, fuelbed, and field scales.

Keywords: anova pinusilex serenoa quercus aristida
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Fire Exchange, lekays@ncsu.edu

Additional Author(s): David Godwin, Director, Southern Fire Exchange
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Abstract: The Southern Fire Exchangeis the South's regional wildlandfire science communication
program and amember of the national Fire Science Exchange Network, funded by the Joint Fire
Science Program. Representing 11 southern states, we work with numerous partners throughout the
region toincrease the use of available fire science, facilitate discussions about the relevance of
researchresults and futureresearch needs, and connect fire managers and researchers. This poster
will givean overview of our work and the ways it can be helpfulto those working on topics related to
wildland fire smoke, including opportunities for future engagement.

Keywords: Outreach, Science Communication, Joint Fire Science Program
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Abstract: Wildfire emit significantamounts of trace gases and particulate matter thatimpact
atmospheric processes and humanhealth, and accurate emissions are required to quantify
determine theimpacts of fires. Numerousinventories have been developed to estimate emissions
using either measurements of fireradiative energyor of theburned area. Theseinventories often
vary by several orders of magnitude, even forinert species such as CO, and until recently
opportunities to valid these models have been limited. The University of Colorado Solar Occultation
Flux (CU SOF)instrument can determine highly time resolved fluxesfor many species from wildfires,
and during the summer of 2018 was deployed as part of the Biomass Burning Flux Measurements of
Trace Gases and Aerosols (BB-FLUX) campaignin the northwest United States. Over100 fluxes
measurements of a variety of species including butnotlimited to CO, NH3, smallalkanes, and HCN,
were performed on 18 different fires spanning different fuel types, fuelloadings, and fire intensities.
Additionally, highly detailed measurements of the fire areas were made post campaign by the
National Ecological Observatory Network and the US Forest Service. Thisrich dataset providesa



unique opportunity to evaluate and constrainemissioninventories. Comparisons between the
measured fluxes and inventories such as HRRR-Smoke will be presented.

Keywords: Emission inventories, massfluxes
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Abstract: Trace analysis of volatile organic compounds (VOCs) in air during wildfiresis imperative for
environmentalandhealth risk assessment. Because airis a heterogeneous system composed of
gases, liquids, and solid particles that are continuously evolvingin time and space, samplingis
essential for assessing fire-related chemicals having a wide range of concentrations. The use of
preconcentration devices mounted on Unmanned Aerial Vehicles (UAVs), or drones, to sample air
during wildfires is of greatinterest because these samplers are able to move freely about their
environment, allowing foramorerepresentative air sample and the ability to sample areas
dangerous orunreachable by humans. The aim of this study is to evaluate the performance of a
droneair sampler whilein the presence of a fire, and to assess the feasibility of using such a device to
monitor air quality during wildfires. The proposed gas sensing system in this studyis anin-house
manufacturedmicro gas preconcentrator (uUPC) embeddedinto a compact sampler.

Keywords: Volatile Organic Compounds (VOCs), Wildfire,2018 Camp Fire, micro preconcentration,
environmental sampling, mobile chemical sampling
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Abstract: In Australia, prescribed burningis used to manage excess fuelloads in fire prone
landscapes, with the goal of mitigating the frequency and intensity of dangerousbush-fires. The
potential for bush-fires leading to loss of life and catastrophicdamage to infrastructure has
unfortunately been well evidentin New South Wales and Queenslandin 2019. The air pollution
impacts are also significant, withhazardous concentrations of fine particles being observed in both
states.

The smoke from prescribed burns can also be harmfulto human health,and soitisimportant to
manage these burns to minimise population exposure. The Australian Bureau of Meteorology assists
land agencies, by providing forecasts of fire weather and smoke exposure using AQFx,a numerical
air quality forecasting system. AQFx generates 6-day ensemble forecasts of fire weather to help
identify suitable days for burning, 3-day forecasts of regional air quality to provide background
pollutant concentrations, and next-day forecasts of smoke from proposed prescribed bums to
inform decisions on whether to go ahead with those burns. In the case of the latter, the smoke
exposure of every proposed burnisindependently tracked, thusgenerating a detailed matrix of
smoke plume forecasts which mustthen beinterpreted by the planned burnoperatives prior to
locking down the program of burns for the following day.

Planned burn forecast datais complex, soitis very important to communicate this informationin a
way that facilitates rapid interpretation and decision making. In this poster, we explore the idea of
communicating this complex information via Augmented Reality (AR) —a computer vision-based
technology that superimposes virtualinformation ontoreal world objects. While the long-term vision
of thisworkis to use AR based technology to facilitate decision making across multiple geographic
sites, this poster will demonstrate a simplified AR of the source of smoke plumesand location of
bush-fires, viewable by positioninga mobile device-such as a tablet - over defined targets on the
poster. We believe this will convey more sophisticated concepts than would otherwise be possible
through a staticimage.

Keywords: Prescribed Burning, Smoke Plume Forecast, Augmented Reality, Exposure, Mitigatation,
Decision Making
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Abstract: The objective of this study is to understand the effects of smoke released from prescribed
burn and adverse acute health outcomes. Relationships have been found betweenwildfire smoke
and pulmonary, respiratory,and at times cardiovascular health effects. However, few studieshave
specifically investigated the link between adverse health outcomes and smoke from prescribed
burns, which differs fromwildfire smoke in composition, concentration, as well as range and
duration of exposure. The studytests this relationship by linking a dataset on state-wide
hospitalizations and emergency department visits to a dataset of PM2.5 emissions that we have
attributed to specific prescribed fire events. Health outcomes are from California’s Office of
Statewide Health Planning and Development (OSHPD)administrative data. PM2.5 emissionsare
determined by linking NASA’sdata fusion PM2.5 estimates to prescribed fire locations and timing
tracked by the California Department of Forestry and Fire Protection (CalFire). We hypothesize that
smoke exposure from prescribed burns, like smoke exposure from wildfires, could plausibly have
significant negative acute health outcomes. We further hypothesize that, similar to wildfire smoke,
susceptible populations that willbe most adversely impacted willinclude those with a pre-existing
cardiovascular or pulmonary condition, children, pregnant women, the elderly as well as those of low
socio-economicstatus. However,we also hypothesize that adverse healthoutcomesmay beless
severethan thoseresulting from wildfire smoke exposure due to differences in composition,
concentration, and range and duration of exposure.
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| will have one additional poster (I'm also the primary presenter on). If thereis any way to locate the
two posters nearby each other at the Raleigh venue that would greatly appreciated!

Abstract: Informationand contacts to support smoke management are constantly changing. The Fire
Research and Management Exchange System (FRAMES) Emissions and Smoke portal makes
information on smoke management, research, training, contacts,and committee activities easily
available from a central location (www.FRAMES.gov/smoke). Defined topic areas address different
aspects of emissions and smoke management. Material ranging from specific guidebooks, regulatory



documents, tutorial pages, event announcements, contactinformation,and a searchableresource
catalog are all made available from the portal. Having access to this information fromasingle
location makes it easy for users to stay informed on the latest emissions and smoke topics.
Additionally, the portallocation nested within the wider FRAMES facilitates access to many other
related wildland fireresources. The Emissions and Smoke portalis a collaborative product of the
National Wildfire Coordinating Group’s (NWCG) Smoke Committee, FRAMES, and the University of
Idaho College of Natural Resources.

Keywords: informationresources, portal, onlinereference

Presenter Bio: Josh works for the University of Idaho and is based out of the Pacific Wildland Fire
Sciences Laboratory in Seattle. Most of his work focuses on developing application support,
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teams Josh collaborates with include the Wildland Fire Management Research Development and
Application team, National Wildfire Coordinating Group’s Smoke Committee, and the Fire Research
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Abstract: The Interagency Fuels Treatment Decision Support System (IFTDSS)is a cloud-based
application to make wildland fire fuels planning easier and more efficient forland managers.
Development of versions 3.0 to 3.2 throughout 2016-2019 rebuilt the system from the ground up with
an updated framework, and focused on fire behavior, risk assessment, and fuel treatment
effectivenessreporting. As development on these topics continues, smoke management is another
aspectthe IFTDSS Development Team is planning to add to the system, this feature has also been
requested by usersin arecent usersurvey. There are several possibilities to address smoke
management to varying degrees in the system, some of these will be presented. Information on how
the smoke management community can send suggestions andfeedback to the IFTDSS Development
Team will also be presented.

Keywords: fuels management, modeling framework, cloud-based
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Abstract: Background/Aims: Smoke from wildland fires is a significant public health concern atlocal,
regional, and international scales. Exposure to wildland fire smoke has been linked to adverse health
outcomes, including cardiorespiratory illnesses and deaths. Moreover, increases in the severity and
frequency of large fires necessitate elucidation of associated effects on air quality and publichealth
to facilitate the development of risk communication tools. We evaluated grid-based North American
Mesoscale (NAM) modeled predictions from the BlueSky modeling frameworkusing existing
monitor data from the Air Quality System (AQS), anddeveloped surveillance summaries describing
population-level smoke exposures.

Methods: We evaluated NAM 4-km smoke data against AQS-based PM2.5 measurementsfor2015.
Specifically, we explored relationships between NAM and AQS data for the coterminousU.S., by
examining correlationsin both time and space. We analyzed correlations on days above specific
smoke thresholds (o, 2, 5,10, 15, 20,and >20 ug/m3 PM2.5) to benchmark model performance at
various concentration levels. We generated population-evel smoke measures at the census tractand
county scale, summarized totaland person-days of smoke exposure, and estimated regional and
urban-rural differences in smokeimpacts.

Preliminary Results: Higher mean smoke concentrations were observed during the summer months
andin western and northwestern states in 2015. Assessing correlations between the NAM and the
AQSdataindicated moderate associationsbetween the datasets, with better model performance
observed at higher smoke day thresholds (Kendall’s [tau-b] correlation coefficient: 0.47,for days
with PM2.5 >20ug/m3). Moderate associations were observed when accounting for monitor siting
location, with greater correlations observed for large and medium metropolitan areas.

Conclusion: Froma publichealth perspective, wildlandfire smoke exposure data are unavailable at
consistent spatiotemporal scales. This evaluationdemonstratesthat archived smoke forecast data
can augment existing exposure modeling efforts to identify at-risk areas and populations vulnerable
to smoke exposure.
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Abstract: Epidemiological studies have correlated wildland fire smoke (WFS) inhalation with
cardiopulmonary diseases; however, the biological mechanismswhich impacts human health
remains unclear. Understanding the root-causes of WFS caused cardiopulmonary dysfunctionis
essential for developing effective publichealth strategies forindividuals experiencing high smoke
exposure, such as wildland firefighters. Longitudinal in vivo exposure studies aim to fill this gap by
quantifying changes in cardiopulmonary health. Before longitudinal studies can be conducted, it is
imperative to assemble and characterize arobust exposure system.

Wildland fire-like smokeis generated througha quartz-tube furnace which is mountedonto alinear
actuator (Einbrodt etal. 1984 J. Fire Sciences). This setup produces WFS for both flaming and
smoldering combustionin a controlled and reproducible manner, which is crucial forin vivo exposure
studies. The particle size distribution (PSD) of longleaf pine needles smoke generated fromthe
quartz-tube apparatus was measuredfor flamingand smoldering combustionwith an engine
exhaust particle sizer (EEPS 3090, TSI). In addition, smoke particle deposition withinthe mouse
respiratory system, ourintendedin vivo model, was simulated using a physics-based model (Oakes et
al. 2017 IntJ Numer Meth Biomed Engng €2847).

The PSD of longleaf pine needles under flaming combustion was bimodally distributed, which we
believe is due to smoldering reignition. The first mode had a count median diameter (CMD) of 45nm
and ageometricstandard deviation (GSD) of 1.4,and the second modehad aCMD of 178nm and a
GSD of 1.4. The firstmode had a particle count approximately two times greater thanthat of the
second mode. Similarly, smoldering combustion had a CMD of 178nmand a GSD of 1.4. For particles
of these sizes, we predict a total deposition of 53% and 35% of inhaled particles, for flaming and
smoldering combustion, respectively, with 37% and 18% reachingthe lower respiratory tract.

In conclusion, we utilized a quartz-tube furnace to generate WFSin alaboratory setting and
characterized the PSD under various combustion conditions. This setup willbe used to perform
longitudinal exposure studies whichaim to understand the cardiopulmonary health effects from
WFS inhalation.
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Abstract: Biomass burning(BB)is crucial in ecological succession and has animportantrolein cycling
of carbon from land to theatmosphere. The potentialimpact of the fireand resulting smoke on
human health,however, can be deadly and must be monitored for public safety. Fires emit gases and
aerosols ata variety of heights in the atmosphere, which can act to pollute local communities if
detrained in theboundary layer. If smokeis injected higherin the atmosphere, these pollutantscan
travellarge distances and can pollute distant communities. Overthelastyears, we have witnessed
smoke from fires burningin the United States, British Columbia, Siberia, and Australia transported
continentally and around the Earth. The diurnal cycle of BB plumeinjection height and fireintensity
varies based on available fuel, ecosystem type, and fire weather (Temp., RH, WS, precip.).
Understanding thelinkage betweenthese variables, fire intensity,and the transport of smokeis
crucial inunderstanding theinterface between land andatmospheric processes.

In this work, Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) data onboard the Cloud-
Aerosol Lidarand Infrared Pathfinder Satellite Observation (CALIPSO) satelliteare used in
conjuncture with the Hazard Mapping System (HMS) Smoke Product, MODIS Thermal Anomaly data,
the NASA Langley Trajectory Model (LaTM), and other ancillary satellite-based products (e.g.,
Landsat data) to identify smoke, and to estimate the diurnal cycle of smoke for specific fires.
Realisticsmoke behavior criteria are applied to each fire’s temporal smoke plume profile to ensure
quality smoke height data are preserved. We have used this methodto analyze over2o large
wildfiresin North Americaand have created a databaselinking the diurnal plume injection height to
Fire Radiative power, ecosystems, fire weather, and meteorological variables. Additionally, we
compare aerosols from fire events derived from CALIOP version 3 data to aerosols from fire events
derived from CALIOP version4 to define the ‘smoke’ aerosol differences between the two versions.
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Abstract: Wildfire season in the western United States continues to increasein duration and
intensity, with some of thelargest and most deadly occurring inrecent years. Extreme wildfire
events are becoming more common and while theimmediate risks to susceptible populations (i.e.
elderly, asthmatics) are appreciated, the long-term health effects are not known. Historically,
wildfire smoke exposure studies have consisted almost exclusively of retroactive health reports,
including emergency department visits, hospital admissions, provider visits with emphasis on specific
ICD codes. In2017, the Seeley Lake, MT (SL) area experienced unprecedented levels of wildfire
smoke from July 31to September 18, with a daily average of 220.9#g/m3, with 35 of 49 days at
>1500g/m3 PM2.5 mg/m3which fell within the range of the EPA designation of “very unhealthy”. The
goalwas to visit the community as temporally close to the fires as possible and assess potential
adverse health effects. Using the IPHARM (ImProving Health Among Rural Montanans)
infrastructure and experience to perform mobile health screenings, SL was visited multiple timesin
thetwo years following the fires. The study resulted in the initial recruitment of a cohort (n=95,
averageage: 63 years), forarapid response screening activity subsequent to the smoke exposure,
and two follow-up visitsin 2018 and 2019. Analysis of the spirometry data found a significant
decreasein lung function (FEV1/FVCratio) anda more than doubling of participants that fell below
thelower limit of normal (13.2% to 41.7%) one year following the wildfire event, and maintained two
years (35.9%) post exposure. In addition, observed FEV1was significantly lower than the predicted
values. These findings suggest that wildfire smoke can have long-lasting effects on humanhealth. As
wildfires continue toincrease both here and globally, understanding the health implications is vital to
understanding the socialimpacts of these events as well as developing strategies to mitigate the
effects.
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Abstract: Background: Climate changeis increasing theintensity and scale of wildfires globally and in
North Carolina (NC). Wildfires significantly impact air quality and pose particularly risk to those with
sensitive pre-existing conditions, such as asthmaand chronic obstructive pulmonary disease (COPD).
County forestry offices across the US already conduct educationon wildfires to prekindergarten
students throughadultlearners through the Smokey the Bear program.In 2019,the NC Department
of Health and Human Services (NC DHHS) evaluated a partnership with one NC County’s ‘Smokey the
Bear Program’ to educate vulnerable children about health risks of wildfire smoke.

Methods: NC DHHS conducted direct observation of 6 educational sessions for 536 prekindergarten
to second grade students and staffat 2 elementary schools during October and November2019.
Evaluators observed 6 program components: characteristics of participants, interactionsbetween
learners and presenters, learner and presenter nonverbal behavior, programleaders and presenters,
physical surroundings,and program products.

Results: Characteristics of the participants were recorded; fifty -four percent of the 536 students
were male, and 87% of the staff were teachers (n=62). Interactionsand nonverbal behavior was
documented among learners and presenters, with participants being willing to participateina
sentence activity with cards about actions to take around wildland fire smoke,and more attentive
behaviors and moreimmediate understanding amongolder students(2nd grade) than younger
students (prekindergarten). Programleaders and presenterswere observed and they were able to
complete the educational activity with all 6 educational sessions. The physical surroundingsfor all
sessions were elementary school gymnasiums. Program products were used for the educational
activities consistently.

Conclusions: Local forestryincorporated wildland fire health educationin 6 educational sessions
during Fall2019. Based on the observation evaluation, NC DHHS suggests continuing the partnership
with the country forestry’s Smokey the Bear program. Observation evaluation allowed the program
to gobeyond numbers reached to observe participantinteractions, learner and presenter nonverbal
behavior, and physical surroundings. These findings will be shared with county forestry partnersand
grantors for the overall program. Consideringmany counties have forestry staffand Smokey Bear
educational programs, incorporating healtheducationabout wildland fire smoke maybe possiblein
otherjurisdictions.
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Abstract: A three-year project has beeninitiated to investigate the influence of wildland fire intensity
on emissions. Througha series of progressively increasing scale experiments, this project will
determinetherelationships between fuel characteristics, fire dynamics, and emissions as source
termsin FIRETEC, a computational fluid dynamics (CFD) based, coupled fire/latmosphere model.
Laboratory and wind tunnel fire dynamics and emission data willbe used to develop and refine
emissions source termsin FIRETEC as functions of local fuel conditions and variation of ignition
practices. Development of an air pollution model (“SOOT””) within FIRETEC will be verified at the
operational scale for prediction of local smoke dispersion and coupled to an EPA regional air quality
model (CMAQ) for prediction of ozone (03) and fine particulate matter (PM2.5).

The project leverages on-going studies of fuel characteristics, structure, and spatial orientation to
test the effect of fuel ignition patterns and resultantfire dynamics on the productionand transport
fate of emissions. The effect of variation in fireintensity on emissions is an interesting and yet
virtually unaddressed area. Within-fire variation in convection dictates entrainment and mixing
dynamics of flamingand smoldering emissions. Recent work has begunto examine this emission
continuum, finding that fire intensity, or the rate at which fuelis consumed and its completeness of
combustive oxidation, is a significant determinant of the type and amount of emissions. This
knowledge, along withability to conduct fire modeling (FIRETEC) andto understand the effect of 3D
biomass spatialheterogeneity on fireinduced flows and convective cores, raises the intriguing
possibility of being able conduct prescribed burnsin amanner that results in fewer or less hazardous
emissions. Placing these findings in the context of factors thatland managers can controlon
prescribed fires will directly address a critical national need.
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Abstract: Background: Wildland firefighters (WFFs) are repeatedly exposed to elevated levels of
wildland fire smoke (WF smoke), which is composed of a wide variety of health-damaging
compounds.Associationsbetween exposures to WF smoke componentsand systemic oxidative



stress and inflammatoryresponses have been reported amongthe firefighters. However, studies
havebeen geographically limited to Southeastern and Western regions of the United States, and
results have beeninconsistent, especially for oxidative stress. The objective of the study is to
investigate occupational WF smoke exposure concentrationand associated changes in urinary
oxidative stressin the Midwestern region.

Methods: A total of 19 wildland firefighters (17 males and 2 females: 34.63 + 7.21years) employed by
USDA-Wayne National Forest were recruited. Personal exposure to particulate matter2.5(PM2.5)
and carbon monoxide (CO) were monitored at prescribed burns. Spot urine samples (n=120) were
collected right before (pre-shift), immediately after (post-shift), and next morning of prescribed bum
(burn days) shifts and on regular work shifts (non-bum days). Urinary concentrations of biomarkers
(i.e. 8-isoprostane, oxidized guanine species, and thiobarbituric acid reactive substances [TBARS])
were determined using commercially available assaykits. Difference in cross-shift changes (i.e. pre
vs. post, prevs. next morning, and post vs. next morning)in systemic oxidative stress were
compared between burn and non-burndays using linear mixed effect model.

Results and conclusion: Mean PM2.5and CO exposure concentrations were 1.43£0.13 mg/m3,
7.08+0.73ppm,respectively and were elevated comparedto results of previous studies. The average
duration of burn shifts was 4.45+1.33hours. Ratioof urinary 8-isoprostane at post to pre-shift on
burn daysis marginally higher thanthe ratio on non-burn days (p = 0.07). Increasein oxidized
guanine species from pre- and post-shifts to next morning were significantly greater on burndays
than non-bum days(p =0.02 and 0.03). Similarincreases were also observed in TBARS (p = 0.10 and
0.09). Results suggestthat WF smoke exposure during the prescribed burns is capable of inducing
acute oxidative stress response among the firefighters and suchresponse could be sustained for at
least 24 hours.
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Abstract: The NWCG Smoke Committee recently completed The Smoke, Roadways and Safety Guide,
a comprehensiveresource foraddressing the significant risk when smoke from wildfire and
prescribed fireimpacts roadways used by the publicand fire personnel. Fatalities and seriousinjuries



have occurred across the US on roadwaysimpactedby smoke. The guide provides wildlandfire
personnelthe methods to effectively plan and forecast for roadway smoke impacts and, monitor,
respond to, and mitigate smoke on roadways reducing therisk to the publicand fire personnel. This
guide outlines: a sequential process to help prepare for and build awarenessof hazards posed by
smoke on theroadways; supportsthe NWCG “Smoke, Roadways and Safety: Check beforethey
Wreck” video with methods, tools and discussion of key indices; highlightsfuel conditions,
topography, and meteorological situations which promote smoke movement that could resultin
hazardous situations when near roadways; provides specific criteria for both night and day smoke
reduced visibility which may be used by many personnel, fromprescribed burnbosses to safety
officers on wildfires, to improve safety around all wildland fires that are nearroadwaysand ties
clearly to the appropriate elements of the NWCG Prescribed Fire Plan Template (PMS 484-1).
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Abstract: The Southern U.S. conductsmore prescribed burning than any otherregion in the country,
therefore smoke managementis animportantfactor for Southem states to address. Dueto
population growthand movementinto the wildland-urbaninterface, it has become apparent that if
prescribed burning is to continue to be a widespread tool for managing forests, smoke fromthese
burns willhave to be managed. Manystates haveincorporated methodsfor burners to minimize and
manage smoke from prescribedfires. For example, most Southernstates have adopted Smoke
Management Programs or Guidelines. These programsare designed to mitigate the nuisance and
publicsafety hazards posed by smokein populated or smoke sensitive areas, to protect publichealth
by preventing deterioration of air quality and exceedances of the National Ambient Air Quality
Standards, and to address visibilityimpacts. In additionto Smoke Management Programs, states
such as Georgiaand Florida limit burning on days when air qualityis listed as unhealthy in the Air
Quality Index. South Carolinarequeststhat burnersprovide estimatedfuelloading throughthe
prescribed burn permitting system. This poster will synthesize various methods implemented by
stateforestry and air quality agencies to help manage prescribed fire smoke throughout the
Southern U.S.
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Abstract: In areas of the United States where wildland fires are a frequent occurrence, exposures to
fine particulate matter (“PM2.5" or particles with aerodynamic diameters smaller than 2.5
micrometers) from smoke emissionsare an increasing cause for concern. Toreduce pollutant
exposures, itis often recommended to spend more timein clean indoor spaces. However,many
northern regions affected by wildland fire smoke lack air conditioning systems and rely on open
window ventilation for cooling during summer months that coincide with peak fire season.
Additionally, buildings with highfoot traffic (e.g., fitness centers, museums, senior centers) may
haverecurrentdoor openings thatincrease infiltration fromoutdoor air. To gain insight on the
effectiveness of using indoor spaces to mitigate air pollution exposures, this study characterizes
indoor and outdoor PM2.5 concentrations at a variety of commercialand community buildingsthat
were anticipated to have highindoor occupancy during wildland fire smoke events. During summer
2019 (July-September), 17 buildings in Missoula, Montana were monitored continuously usinglow-
cost particle sensors (PurpleAir PA-1I-SD) that report estimated PM2.5 concentrationsevery 2
minutes. Each building facility providedrelevant operational factors including door/window
openings, use of airhandling systems, portable air cleaners, and filter maintenance. Unsurprisingly,
buildings that lacked central air/HVAC filtration systemsshowedno reduction in PM2.5
concentrationsindoors. Buildings that utilized HVAC systems—even at the samefilterrating —
showed widely varyingimpacts on indoor air quality. Although the only wildland fire smoke events
that occurred in Missoula during summer 2019 were moderate andassociated with prescribedburns,
this work provides valuableinsightinto the variance amongoutdoor/indoor air quality conditions
and the strategy of using emergingair sensor technologies to collect a very large data set to
characterize dynamic PM2.5 conditions.

Theviews expressed in this abstract are those of the authors and do not necessarily represent the
views or policies of the U.S. Environmental Protection Agency.
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Abstract: Forest fire emissions have a greatimpact on local air quality and the global climate.
However, the current and detailed regional forest fire emissions inventories remain poorly studied.
Here we used Moderate ResolutionImaging Spectroradiometer (MODIS)data to estimate monthly
emissions from forest fires at a spatialresolution of 500 m x 500 min southwest Chinafrom 2013 to
2017. The spatialand seasonal variations of forest fire emissionswere then analyzed at the provincial
level. The results showed that theannual average emissionsof CO2, CO,CH4,S02, NH3, NOX, PM2.5,
black carbon, organic carbon, and non-methane volatile organic compounds from forest fires were
1423.19 x103, 91.66 x 103, 4517.08,881.07, 1545.04,1268.28,9838.91,685.55,7949.48,and 12,724.04
Mg, respectively. The forest fire emissions characteristics were consistent with the characteristics of
forestfires, which show great spatialand temporal diversity. Higher pollutant emissions were
concentrated in Yunnan andTibet, with peak emissions occurringin spring andwinter. Ourwork
provides abetter understanding of the spatiotemporal representation of regional forest fire
emissions and basic data for forest fire management departments and related research on pollution
and emissions controls. This method will also provide guidance for other areas to develop high-
resolution regional forest fire emissionsinventories.
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Abstract: Advancementsin remotely-sensed data and our ability to estimate fire emissions and
simulate smoke plumesis driving arevolutionin the development and access to these databy a
variety of tools and websites. The tools range from real-time visualization of remotely sensed data of
smoke and fire activity, to systems that forecast where the smoke could transportinto the future,
and theresulting potential level of impacts to people and scenic vistas. This poster willsummarize
many of the available tools and remotely-sensed data such as the BlueSky Playground, the Smoke
Emissions Reference Application (SERA), NASA Worldview, NOAA AerosolWatch and other systems
newly online displayingremotely-sensed data of fire activity and smoke. If conference attendees
were unable to attend the Monday Workshop “Smoke Modeling from Forest to Plume: Integrated
Modeling Workshop for Smoke Management”, this is an opportunity to experience some of the
information.
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Abstract: Smoldering wildfire in peatlands contributes significantly to the global carbon emissions
andregional haze events. Peat fireis one of thelargest wildfires and most persistent combustion
phenomena. Here we assess theimpact of naturalrain up to 400 mm-h-1on suppressing the
smoldering firein the shallow peat layer through laboratory experiments. We show that the
minimum rainfallintensity to suppress the peat fireis roughly 4 mm-h-1, so that thelight rain cannot
extinguish peat fire. The suppressionduration (At) of peat fire decreases with the rainfallintensities
suppression duration can also wet the fueland decelerate the smoldering spread to some extent.
We show that therequired rainfall depth gradually decreases with the rainfallintensityand
approaches a minimumvalue of 13 mm under violent rain. As the rainfallintensity increases, the
carbon emission flux from peat fire also decreases. Therefore, we conclude a short-termviolent rain
is most effect to suppress the persistent peat fire. This research helps evaluate theinfluence of



weather on the development of peat fireand canimprove the prediction of carbon emissionsfrom
peat fire with the weather model.

Keywords: rainfall; rainfallintensity; suppression duration; smoldering wildfire; carbon emissions.

Presenter Bio: Shaorun Linis currently a Ph.D student at the Hong Kong Polytechnic University. His
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Additional Author(s): XinyanHuang , Assistant Professor, The Hong Kong Polytechnic University
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Abstract: Smoldering wildfirein peatlandsis one of thelargest and longest fire phenomenaon Earth,
butwhether peat can support a flaming fire like other surface fuelsiis still unclear. Our experiments
demonstrate the piloted flamingignition of peat soil with moisture up to 100 wt.% under external
radiation, indicating that flame mayrapidly spread on peatland before transitioning to the
conventional smoldering peat fire. Comparedto smolderingignition, flamingignition of peatis more
difficult, requiring a higher minimum heat flux and tripleignition energy. The propensity for flaming
increases with a drier peatand a larger external heating. We also found that the flaming ignition
temperatureincreases from 290°Cto 690°C,as the peat moistureincreases to 100 wt.%. The flame of
peatis much weaker than that of pine needles and wood, and it eventually transitions to smoldering.
The heat of flaming is estimated to be 13 MJ-kg-1, close to the heat of smoldering. The measured
CO/CO2ratio of flaming peat firesisless than 0.02, much smaller than 0.2 of smoldering peat fires.
Thisresearch helps to understand the development of peat fireand the interaction between flaming
and smoldering wildlandfires.
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Additional Author(s): Adam Coates

Abstract: Firefighting isinherentlya dangerous professiondue to exposure to environmental factors
such as steep topography, hazardous trees, fire behavior,and smoke. After retirement, wildland
firefighters faceincreased risk of cancers and cardiovascular diseases, potentially due to smoke
exposure. The composition of smoke emitted from wildfires as it relates to public health has been
studied. However, thereisagap in theknowledge of the chemical structure of prescribed fire smoke
in the context of human health impacts. As aresult, we seek to investigate gases released by forest
floor material (i.e. litter and duff) in alab-based setting. Since forest floor fuels are the primary fuel
type propagating firein the SoutheasternUS, analyzing the chemical componentsof smoke
produced by these materialsis integral to understanding the impacts of prescribed fire on firefighter
and publichealth. In this poster, we will discuss gas emissions from forestfloor fuels at a variety of
temperatures, simulating gas emissions at a variety of differing fire intensities.
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Abstract: Smoke from wildfires contains many air pollutants of concern including particulate matter
(PM), carbon monoxide (CO), nitrogen oxides (NOX), methane (CH4), polycyclicaromatic
hydrocarbons(PAHSs),and volatile organic compounds (VOCs), and contributesto formation of
ozone(03)and secondary PM. Epidemiological studieshaveidentifiedassociations between
exposure to wildfire smoke PM2.5 and mortality and respiratory morbidity,and a possible
association with cardiovascular morbidity. For this study, air quality modelling was performedusinga
retrospective analysis of Environment and Climate Change Canada’s FireWork PM2.5 forecasts, to
quantify the exposure to wildfire-PM2.5 across the Canadian population. The model included wildfire
emissions from across North America for a 5-month period from May to September (i.e. wildfire
season), between 2013 and 2018. Large variations in wildfire-PM2.5 were noted year-to-year,
geospatially, and withinfire season. Themodelresults were then used to estimate the national
population health impacts attributable to wildfire-PM2.5using Health Canada’s Air Quality Benefits
Assessment Tool (AQBAT). The analysis estimated annual premature mortalities ranging from54-240



premature mortalities attributable to short-term exposure and 570-2500 premature mortalities
attributable to long-term exposure, as wellas many non-fatal cardiorespiratory health outcomes.
Combined these health effects have an estimated value of $4.6B to $20B per year. The health
impacts were greatest in the provinces with populations in close proximity to wildfire activity,
though health impacts were also noted across many provinces indicating the long-range transport of
wildfire-PM2.5. Understanding the populationhealth impacts of wildfire smokeisimportant as
climate changeis anticipated to increase wildfire activity in Canada and abroad.
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Abstract: Smoke predictions are akey approach to understandingand managing smoke impacts.
Smoke modeling systems support smoke predictions by simulating smoke transportin the
atmosphere and quantifying smoke impact as measured by PM2.5concentrations. These systems use
persistence of the fire growth that was last observed as the expected growth for each day of the
forecast period, however, this assumption does not necessarily account forincreasing or decreasing
fire growth. This case study examines the persistence assumption and the extent to which this can
causeissues within the modeled smokeimpacts. The 2015 wildfire seasonin Washington State
provides a useful case study. Over 400,000 hectares (1 million acres) burned, producinglarge
quantities of smoke thatimpacted communities both near thefires and regionally, includinglarge
metropolitan areas (Seattle, Bellevue, Tacoma, Olympia, Vancouver, Bellingham) west of the
Cascades. The analysis showedthat using persistence does not pose a significant threat to
forecasting smoke concentrations in periods with low to moderate fire activity. Sizeable changes in
fire activity, whetheritisincreasing or decreasing big amounts of acres within a short period of time,
reveal persistence ‘s failures to forecast smoke concentrationsappropriately. Meanwhile, using day-
of fire information improvedthe smoke forecasts for the western Washingtonsmoke event seenin
late August. The day-of approach followed a similar pattern to monitor concentrations, peaking on
August23rd.
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Presenter Bio: Marlin Martinezis a Research Assistant for the University of Washington workingin
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P31. Wildfirerisk communicationand management at U.S. diplomatic posts overseas
Presenter: Molini Patel, Chief air pollution advisor, US Department of State, patelmm@state.gov

Abstract: Across hundredsof U.S. embassies and consulates globally, thousands of employees and
family members face health risks related to persistently poor air quality as well as extreme events
such as agriculturalburningand wildfires. The U.S. State Department has arobust program to
characterize, communicate,and reduce air pollution exposures and health risks to personnel
overseas. One componentis a science-based response plan for extreme air pollution events, which
was implemented during the Australia bush fires of 2019-2020. Havinga plan in place and expert
direction allowed for timely and effective intervention to mitigate risks to staff and families. In
Canberra, the U.S. Air Quality Index (AQIl) was mostly Unhealthy frommid-December to mid-January
and was Hazardous for three consecutive days. Informationwas regularly exchanged among the
local fire service, embassy, and experts in Washington on air quality, fire, and weather forecasts.
These were communicated to the embassy community with advice on how tointerpret the
Australian AQl and what actionsto take. A key objective was to reduce alarm over local AQl reports
0f1000-3000 by translating to the more familiar U.S. scale. Health surveillance data were monitored
to assess healthimpacts and need for additional intervention. Asthma managementplans were
implemented. Roomair cleaners were provided as was guidance how to reduce leaks around
windows and doors and balance enhancedair filtration with cooling during extreme heat conditions.
Indoor air quality was assessed with low-cost sensors. Ng5 masks were given to personnel if
requested with advice to wear as alast resortif being outdoors was necessaryand check forasealto
theface. Departmentand embassy leadership and air pollutionexperts in Washington collaborated
to use outdoor air quality conditions and the embassy’s mitigation capabilities to develop decision
points forrequesting changes to post operations. In Washington, information was shared regularly
with interagency partners that have staffat the embassy. Foran embassy in a typically low air
pollution city, the science-based response plan allowed effective and transparent health messaging
and management decisions aimedatreducing anxiety and health risks to staff and familiesoverseas.

Keywords: bushfires health messaging risk assessmentmanagement
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