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Northwest Regional Modeling 
Consortium (NRMC)
• Collaborate on meteorological modeling and 
observations, primarily

• University of Washington (Cliff Mass) produces 
WRF weather forecasts and database of 
meteorological observations

• Members are State/Local/Tribal air quality 
agencies, National Weather Service, US Forest 
Service, Washington DNR, Seattle Public 
Utilities, WSDOT, etc.

• Current chair is Rob Elleman, EPA

NW-AIRQUEST

• Collaborate on air quality modeling, emission 
inventories, analyses, and topical technical issues

• Washington State University produces air 
quality forecasts and special projects. 

• Primarily compromised by air quality agencies

• Current chair is Jeffrey Stocum, Oregon DEQ



Build on Studies From Mid-2000s



Why Did We Do 2013 AgBurn

• Reports of inconsistent model performance

• Studies from 2000s did not get field 
characteristics, emission factors, and plume 
dynamics all from the same burn
– Not a negative statement about those studies, just a 

reflection of trade-offs and priorities

• More advanced measurement technologies



EPA Regionally Applied 
Research Effort (RARE)

• RARE is an internal EPA program to match up 
lab scientists to regional issues of concern.

• A collaborator from mid-2000s is an EPA 
scientist and was interested in doing more ag 
burn work.

• We were able to round out the study because 
the smoke management community in PNW is 
unusually functional.



Collaborators
• EPA Office of Research and Development

– Brian Gullett, Amara Holder, Bill Mitchell, Rob Gribble, James Faircloth, Richard Snow, Chris Pressley

• University of Dayton Research Institute
– Johanna Aurell

• US Forest Service, Missoula Fire Sciences Lab
– Shawn Urbanski, Emily Lincoln, Steve Baker, Cyle Wold, Alex Petkov, Vladimir Kovalev, Wei Min Hao

• US Forest Service, Pacific Wildland Fire Sciences Lab
– Susan O’Neill, Conamara Burke, Spus Wilder 

• EPA Region 10
– Chris Hall, Mike McGown, Keith Rose

• Washington State University
– Joe Vaughan

• National Weather Service, Spokane
– Ron Miller, Jon Fox, Todd Carter

• Nez Perce Tribe and affiliated growers
– Julie Simpson, Andrea Boyer, Mary Fauci, Bryce Boyer

• Washington Department of Ecology and affiliated growers
– Kary Peterson, Neil Hodgson, Paul Rossow, Ranil Dhammapala 

• USDA Agricultural Research Service
– Greg McCarty

• University of Idaho
– Luigi Boschetti, Erik Boren, Wade Tinkham



August 2013 Study, Two Locations

Nez Perce ReservationWashington Palouse



Nez Perce Reservation
Camas Prairie

• Dryland rolling hills with square, generally 160 
acre fields

• 3000’ elevation and often mixing height of 
3000-4000’ above ground

• Heavily influenced by local meteorology
• Sampled five fields 8/19-8/20

– 4 Kentucky Bluegrass
– 1 recently-harvested wheat field



Nez Perce Fields, plus Ground EBAMs



Washington Palouse

• Dryland, very hilly wheat fields of irregular 
shape and size (70 – 304 acres)

• 1000’ elevation with mixing heights 4000-6000’ 
above ground

• Harvest in 2012, chem-fallowed then burned in 
2013

• Very different ignition pattern than Nez Perce
• Sampled five fields on 8/24-26



Walla Walla Fields, 
plus Ground EBAMs



Fuel Measurements
Conamara Burke, USFS Pacific Wildland Fire Sciences Lab



• 2 or 3 E-BAMs immediately downwind
• WSU nephelometer, Nez Perce/Ecology stations as 

background

Portable PM2.5 Network
Susan O’Neill, USFS Pacific Wildland Fire Sciences Lab



EPA-ORD Ground Samplers

• Truck system
– Photoacoustic soot spectrometer
– Nephelometer
– Single particle soot photometer 

• Sensor testing
– "Sunset Labs model 6220" CO2

– “e2v model 5525” CO
– "Shinyei" PM, > 1 µm
– Thermistor, microchip MPC 9700
– Relative Humidity, Honeywell sensor, H1H-Y010

Amara Holder, EPA-Office of Research and Development

Bill Mitchell, EPA-Office of Research and Development



EPA-ORD Instrumented Balloon
• CO2

• CO 
• temperature 
• GPS
• 3D wind velocity 
• black carbon
• PM2.5

• batch sampling of
– VOCs
– SVOCs
– PM10 and PM2.5

– Cl species 
– PM-borne metals 
– organic matter

Brian Gullett, EPA Office of Research and Development



• Plume height and 
evolution of the plume 
downwind

• Instruments
– Picarro gas analyzer:

2-second CO2, CO, 
CH4, and H2O 

– Nephelometer: ~PM2.5

– Aethalometer: BC

US Forest 
Service Airplane
Shawn Urbanski, Missoula Fire Sciences Laboratory



Lidar, Ceilometer, and Radiosondes
• USFS Lidar

– Stationed 0.5-2 miles 
perpendicular to plume trail

• Ceilometer
– Vaisala CL-31
– Usually measuring background

• Radiosondes
– Temperature, RH, and Winds 
– Launched 30 minutes prior to 

burn

Wei Min Hao, USFS Missoula Fire Sciences Lab

Joe Vaughan, Washington State University

Rob Elleman, EPA



Variability in Plumes 
From Ignition Style



Measurement Results



Fuel Measurements
Conamara Burke, USFS Pacific Wildland Fire Sciences Lab

Unit Location Fuel Type Avg. (tons/acre) Std Dev Std Error   

Grain Nez Perce, ID Grain 1.65 0.66 0.21

KBG LL Nez Perce, ID Kentucky Blue Grass Light Loading 1.61 0.46 0.15

KBG HL Nez Perce, ID Kentucky Blue Grass High Loading 2.87 1.24 0.39

KBG B Nez Perce, ID Kentucky Blue Grass Baled 1.16 0.27 0.09

Field V Walla Walla, WA Chem Fallow-- Winter Wheat 3.07 0.78 0.25

Field X Walla Walla, WA Chem Fallow-- Winter Wheat 3.39 0.80 0.25

Unit Location Fuel Type Avg. Stem Height (in) Avg. litter depth (in) Avg. thatch depth (in)

Grain Nez Perce, ID Grain 6.95 0.81 N/A

KBG LL Nez Perce, ID Kentucky Blue Grass Light Loading 5.58 N/A 0.53

KBG HL Nez Perce, ID Kentucky Blue Grass High Loading 4.10 N/A 0.85

KBG B Nez Perce, ID Kentucky Blue Grass Baled 5.00 N/A N/A

Field V Walla Walla, WA Chem Fallow-- Winter Wheat 15.05 0.70 N/A

Field X Walla Walla, WA Chem Fallow-- Winter Wheat 16.45 0.85 N/A

STEM HEIGHTS, LITTER/THATCH DEPTHS

Biomass



Emission Factors
Preliminary Results from Aurell et al. (2015)



Emission Factors
Preliminary Results from Aurell et al. (2015)



Emission Factors
Preliminary Results from Aurell et al. (2015)



Emission Factors
Preliminary Results from Aurell et al. (2015)



EPA AGU Poster, Dec. 2014



Modeling Results



ClearSky2 and ClearSky3 for RARE 2013
• CS2 is 4-km system & CS3 is 1.333-km system







Plume Rise at Nezperce
Burn of 08/19



Walla Walla Burns:, 8/24 and 8/26

4-km

1.3-km



Plume Rise
08/24, Walla Walla











Plume Rise
Results from Shawn Urbanski, USFS-Missoula

• Simple Briggs plume rise predicts smoke lofts 
too high

• Useful comparison to more complex techniques



Next Steps
• EPA-ORD will finish scientific journal article on 

measurements.
• Modelers are processing measurements and using 

them for model development and evaluation.
– Washington State University
– US Forest Service Research Station, Seattle
– EPA, Research Triangle Park

http://en.wikipedia.org/wiki/File:Gaussian_Plume_(SVG).svg
http://en.wikipedia.org/wiki/File:Gaussian_Plume_(SVG).svg


Nez Perce Fields, plus Ground EBAMs



• Nezperce, ID – 8/19/2013
• KBG Baled – Kentucky 

Bluegrass Baled
• KBG LL – Kentucky Bluegrass 

Light Loading
• Nezperce, ID – 8/20/2013

• Wheat Stubble
• KBG HL – Kentucky Bluegrass 

Heavy Loading
• Modeled only with 4-km WRF Meteorology



Walla Walla Fields, 
plus Ground EBAMs



• Walla Walla, WA – 8/24/2013, 
• Wheat Field V – Winter Wheat.

• Walla Walla, WA – 8/26/2013, 
• Wheat Field WX – Winter 

Wheat Fields W and X (burned 
together).

• Modeled with both 4-km and 1.333-km 
WRF Meteorology
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