Modeling, Monitoring, & Messaging
Wildfire Smoke for Air Quality and
Public Health

Sim Larkin, U.S. Forest Service AirFire Research Team

- with many others -

Contact: Sim Larkin, sim_larkin@firenet.gov
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Smoke and Fire

* On average, over 7,000,000 acres of wildfire per year (U.S.)
e Doesn’t count 12,000,000+ acres of prescribed burning

» Wildfires are the single biggest source of high-level air quality impacts (in U.S.)

 Single fires have been known to cause significant impacts to millions

e But multiple regional fires are common and can collectively impact large areas of the country
* Fires differentially impact rural communities

* Also those with respiratory issues (1 in 3 households)
e E.g. children with asthma, Chronic Obstructive Pulmonary Disease (COPD), emphysema

* Wildfire response efforts have expanded beyond physical property and safety,
now includes air impacts
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Smoke can be a problem: ow to respond?

(in real-time)

L Need:

* Rubric

* Data

* Models
*Tools

* Messaging

* Coordination




Overview

*Interagency Wildland Fire
Air Quality Response Program

*Data, Models, Tools, Research

eSome Lessons Learned



* Interagency response (2011-Present)
* Operationally addressing wildfire smoke

e Four components:
e Modeling
e Monitoring
e Messaging / Communication

e Active Coordinated Response

e Integration / coordination
o EPA, NOAA, NASA, States, and beyond

e Signed into law in March (S.47)
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Public Health




Fi refighter Safety / Health




ransportation Safety
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70 Cars and Trucks
4 dead
4OQ acres =

New York Times




Smoke specialists deployed as part of an
Incident Management Team (TSHP in ICS)

Enables:

 Enables smoke information within
Incident decisions

 Allows incident decision information to
be made available for modeling, etc.

e Develops outlooks and other documents
for communications

 Works with local agencies and
communities
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Air Resource Advisor (ARA) Deployments over

Tl me Annual ARA Deployments

ARA Deployments by Year
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Monitoring

* 40+ monitors in US Forest Service (USFS) nation
Impacted.communities

eployed to

* Monitor deploymentspatfect underserved ommunltles dlrectl
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%%, Smoke Outlook for 6/14 - 6/15
baYy .‘: SW Colorado 416 and Burro Fires
%ﬁ .o&'f/; Issued at: 2018-06-14 14:35 UTC

A

Qutlook for SW Colorado Daily AQl Forecast for in 14, 2018
Fo 4

Fire 3

416 Fire is at about 32,000 acres, 15% containment. Burro Fire

Is about 3,000 acres at 0% containment. Predicted
thunderstorms may bring strong outflow winds and increase
the potential for extreme fire behavior.

* ~1000 Smoke Outlooks Issued . sivwrion®

Hermosa will see smoke impacts at varying levels throughout
today. Silverton and Lake City will see greater smoke impacts

. o o today and tomorrow. Vallecito may see smoke drifting in late Natsonal "
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) g
£l Silverton

wer UNITED W —

0000
000000

. Y o Vallecito Smoke drifting in late this afternoon, clearing tonight. Smoke returning
STATES St Louis v'\‘ tomorrow morning, clearing before noon.
o~ P 9, =]
\ o)
ATKI . o . S \:\ Was Aztec B .L Generally clear today
) O
\/'r‘ Issued 2018-06-14 14:35 UTC by Andrea Holland, .ilie Hunter (f)
Q s Air Quality Index (AQI) Actions to Protect Yourself
O
w " @ Good None
. A b
6 Atlanta Q Moderate Unusually sensitive individuals should consider limiting prolonged or heavy exertion.
C‘DJIIJD . usG People within Sensitive Groups* should reduce prolonged or heavy outdoor exertion.
. Unhealthy People within Sensitive Groups* should aveid all physical outdoor activity.
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Smoke plume crashes 911 system
Albuquerque, NM 2011

Bringing smoke science into
incident support

*Forecasts ‘New models

*Tools Advanced data fusion

*Development of specialist *Model verification and
Air Resource Advisors validation

& Monitoring v3.1

REAL TIME SMOKE TOOLS
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yregated ground monitoring information Mare info Visualize daily smoke forecasts More info Customized emissions and dispersion modeling More




artners’ work within the
and Fire Air Quality Response Program
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Data and Tools Online

e https://wildlandfiresmoke.net/tools

Wildland Fire / Air Quality Tools

This page provides links to the most recent versions of tools produced by the U.S. Forest Service PNW Research Station's
Pacific Wildland Fire Sciences Laboratory in support of wildland fire operations.

REAL TIME SMOKE TOOLS

g s =0

PM2.5 Monitoring BlueSky Daily Run Viewer BlueSky Playground

Aggregated ground monitoring information More info Visualize daily smoke forecasts More info Customized emissions and dispersion modaling More
e



https://wildlandfiresmoke.net/tools

MOnitOring V4 Slte quick access, tailored analysis / diagrams
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MOnitOring V4 Slte quick access, tailored analysis / diagrams

(also available:

R packages for NowCast by Time of Day
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Data as CSV

Other Outputs Availa
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Monitoring v4

QA/QC “Engineering” Data

Raw PM2.5 and Atmospheric Variables
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Modeling

* BlueSky smoke modeling
framework
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* Focus on high resolution and
customization

* Test-bed (new ideas, science)

e Customizable modeling
(Playground + custom runs)

* Partner with everyone we can:
NOAA / NWS, Env. Canada, UBC
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Da|Iy Model Runs

Since 2003 (Now | feel old)

PHW 4-km _ =

e HYSPLIT, CMAQ, WRF-CMAQ
e 30+ runs/ day e

HHHHHH

* 36-hrs to 8 days runs e

* Domains
— 2-km CA/NV e e
— 6-km Western US e vora 1.8-km
— 1.33-km WA/ID
— 4-km PNW
— 12-km CONUS
— 12-km Alaska
— 3-km CONUS
— 1.8-km AZ/NM

— 1.27-km FW (NWS
moveab|e) HYSPLIT = Hybrid Single-Particle Lagrangian

. Integrated Trajectory model
 Partnershi PS: CMAQ = Community Multiscale Air Quality model

— NOAA/NWS, UW, WSU, DRI, UofAK, UofAZ, UBC, Env. Canada, ... WRF = Weather Research and Forecasting model
CONUS = contiguous United States

Alaska 12-km | 5




Dally Model Runs

Since 2003 (Now | feel old)
 HYSPLIT, CMAQ, WRF-CMAQ
* 30+ runs/ day
* 36-hrs to 8 days runs

* Domains

— 2-km CA/NV

— 6-km Western US

— 1.33-km WA/ID

— 4-km PNW

— 12-km CONUS

— 12-km Alaska

— 3-km CONUS

— 1.8-km AZ/NM

— 1.27-km FW (NWS
moveable)

* Partnerships:
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Retrospective Analyses

Wildfires over the Pacific Northwest in 09/05/2017  WRF-CMAQ Fire Smoke Modeling System at the USFS Fire Lab
3 s N ' (https://tools.airfire.org)

METEOROLOGY

CHEMISTRY
Regional Initial Conditi Boundary Conditions
nitial Conditions ; -
Meteorology Model |
(e.g..WRF?; MM5) e, L BEO>>
\

' Inline
Meteorology- . J : op

® Chemistry Interface 8 ‘ \ : i

} Processor (MCIP) E———— | = . A b _

Agriculture
(EPIC) : = 2 — >
POST-PROCESSING AND ANALYSIS
Sparse Matrix Evaluation Aotls Selioic |

Operator Kernel for @ (AMET) =
Emissions (SMOKE) bl [ PYTHON
| Visualization

* plume rise, biogenic, lightning generated NO, sea salt, windblown dust, bidirectional exchange of ammonia

(https://www.epa.gov/cmag/cmag-models-0)
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APPLIED SCIENCES TEAM N\

Connecting NASA Data and Tools with Health and Air Quality Stakeholders

o

HAQAST

HAQAST Team — 13 Principle Investigators *Daven Henze (University of Colorado, Boulder) *Ted Russell (Georgia Tech)
*Tracey Holloway (Team Lead, UW-Madison) *Jeremy Hess (University of Washington, Seattle) *Daniel Tong (George Mason University)
'Bryan Duncan (NASA GSFC) 'Yang Liv (Emory Universify) Jason West (UNC-ChapeI Hi”)

*Arlene Fiore (Columbia University) *Jessica Neu (NASA Jet Propulsion Laboratory) *Mark Zondlo (Princeton University)
*Frank Freedman (San Jose State University) *Susan O’Neill (USDA Forest Service)

Salinas

ﬁﬂiﬁﬂilh @ W '
Wildfires ignited Oct 8 2017

USFS AirFire:
. . . resulted in approx1mate/y 7
* Expand use of satellite data by Air Resource Advisors million people across Northern

(ARAS)' Incidents California exposed to unheai‘t-hy
and worse air quality conditions

for a 9-day period.

* Tiger Team Lead — Health Impacts of the
20] 7 Norihern California Wildfires Daily Average PM2.5 for 16 Bay Area Sites

Observation and CMAQv5.2 Comparison

* Online Training — Introduction to Satellite Resources for

Smoke and Fire




Smoke Impacts are Under-Quantified

AirFire assembled dataset 5/1/18-12/5/18
Monitor-Days with PM, . daily value >= USG

2018 Excedences by State

2500
2000
1500
1000

500

CA WA OR ID MT CO NY NM UT H ND AK AZ WY SD

0

Note: Over 10x more Permanent Monitor-Days than

Temporary Monitor-Days
USG = unhealthy for sensitive groups, air pollutant level at which people within Sensitive
Groups™* should reduce prolonged or heavy outdoor exertion



Smoke Impacts are Under-Quantified

AirFire assembled dataset 5/1/18-12/5/18
Monitor-Days with PM, . daily value >= USG

2018 Exceedences by State and Type of Monitor Network

B Temporary Permanent

2500
2000
1500

1000

500 )

D ]

CA WA OR ID MT CO NV NM UT HI ND AK AZ WY SD

Note: Over 10x more Permanent Monitor-Days than

Temporary Monitor-Days
USG = unhealthy for sensitive groups, air pollutant level at which people within Sensitive
Groups™ should reduce prolonged or heavy outdoor exertion

Temporary Monitors were more likely to
see a USG or worse day

For higher Air Quality Index (AQl)

categories, this tendency increases

* E.g.,in 2018, Temporary monitors 200x
more likely to see a Hazardous day.

2018 Exceedences - Total and by AQI Category

B Temporary [l Permanent

4000

3000

2000

1000

Total Exceedences USG Unhealthy Very Unhealthy Hazardous



Smoke connects back to small scale complexities

(and they are important!)

/7,
Q 8@/)
GV/O/.
Fire YR/

Info

Total
Consumption

Time
Rate

Emissions

Plume
Rise

Dispersion /
Chemistry




Smoke connects back to small scale complexities

(and they are important!)

Example: plume convective cores




Fire and smoke models are still rapidly evolving

Complex coupled fire-atmosphere-chemistry models with nested fire subdomains are coming.
But they need more testing and development.
And to do that they need more observational data.
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Fire and Smoke Model Evaluation Experiment (FASMEE)
USFS / DOl in coordination with efforts of NOAA, NASA, Department of Defense, EPA

ot C

B ke vl b
Smoke and chemistry Multlple core
Flaming and smoldering emission factors :

Smoke evolution and aging UAS, LIDAR, towers
Airborne, platform, towers 1
g | Fire behavior and energy

Characterize spatial and
temporal heat flux density

Fuels and consumption
Ground sampling Multi-scale characterization satellite platforms
Air and ground LIDAR
UAS mapping

Largest U.S. fire field campaign study in 30+ years. Initial campaign: now!




,ﬁ-’ _ State Park

-orecasting smoke isnot
ike forecasting
temperature

It is closer to forecasting precipitation. = .

But, smoke forecasting often lacks
both data and the human element of
weather forecasting

idland  Bay Oty
e e i
Saginaw Charter

Township



We need a common language to
talk about smoke

* Must relate to more than just health (lifestyle, etc.)
* Smoke is highly spatially and temporally dependent
* Even fleeting impacts can be significant
 Models will necessarily be probabilistic

We have such a language for precipitation

* e.g. 30% chance of showers
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More Information:

Sim Larkin
sim larkin@firenet.gov

Interagency Wildland Fire

Air Quality Response Program
https://wildlandfiresmoke.net

Tools: https://wildlandfiresmoke.net/tools
Contact: Pete Lahm, USFS, plahm@fs.fed.us



http://www.nasa.gov/
http://www.epa.gov/
http://www.fs.fed.us/
http://www.doi.gov/
http://www.forestsandrangelands.gov/
mailto:sim_larkin@firenet.ogv
https://wildlandfiresmoke.net/
https://wildlandfiresmoke.net/tools
mailto:plahm@fs.fed.us

	Modeling, Monitoring, & Messaging Wildfire Smoke for Air Quality and Public Health
	Smoke and Fire
	Smoke can be a problem:
	Overview
	Interagency Wildland Fire �Air Quality Response Program�
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Air Resource Advisor (ARA) Deployments over Time
	Monitoring
	2018 Smoke Outlooks
	Smoke plume crashes 911 system�Albuquerque, NM 2011
	USFS AirFire and Partners’ work within the �Interagency Wildland Fire Air Quality Response Program
	Data and Tools Online
	Monitoring V4 Site  quick access, tailored analysis / diagrams
	Monitoring V4 Site  quick access, tailored analysis / diagrams
	Other Outputs Available from Monitoring v4
	Modeling
	Daily Model Runs
	Daily Model Runs
	Slide Number 23
	Slide Number 24
	Smoke Impacts are Under-Quantified 
	Smoke Impacts are Under-Quantified 
	Smoke connects back to small scale complexities�(and they are important!)
	Smoke connects back to small scale complexities�(and they are important!)
	Fire and smoke models are still rapidly evolving
	Slide Number 30
	Slide Number 31
	We need a common language to �talk about smoke
	Thank you!

