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Partners: 
• Desert Research Institute, esp. Tim Brown 
• Scion Research, esp. Tara Strand 
• USFS Fire and Aviation Management, esp. Pete Lahm 
• USFS Wildland Fire RD&A, esp.  Tim Sexton, Lisa Elenz, Tami Parkinson 
• USFS RSAC 
• collaborators at every USFS Research Station and every USFS Region 
• Sonoma Technology, Inc., esp. Sean Raffuse 
• US DOI 
• EPA / Office of Air Quality Planning & Standards, esp. Tesh Rao  
• NOAA National Weather Service 
• NWCG Smoke Committee 
• University of Washington and Washington State University 
• many others 

Funding: 
• USFS F&AM 
• USFS WF RD&A 
• US DOI 

• NASA 
• EPA 
• Joint Fire Science Program 



… Fire Happens 



Fire 
Info 

Fuels 

Total 
Consumption 

Time 
Rate 

Emissions 

Plume 
Rise 

Dispersion / 
Trajectories 

SMARTFIRE2 

HMS 

GEOMAC 

IRWIN 

Rx Sys 

Manual 

Other 

FCCS 

FCCS-LF 

NFDRS 

Hardy 

GVDS 

LANDFIRE* 

Ag* 

Other 

CONSUME 3 

FOFEM 

FEPS 

EPM 

FLAMBE 

FINN 

ClearSky (Ag)* 

Satellite* 

Other 

 

Rx / WF 

FEPS 

FOFEM 

EPM 

WRAP 

Idealized 

Manual 

Other 

 

FEPS 

Literature 

EPM 

FOFEM 

FLAMBE 

FINN 

Other 

 

Briggs 

SEV 

Manual 

Other 

 

 

HYSPLIT 

CalPuff 

CMAQ 

VSMOKE 

 

 

BlueSky Modeling Framework  

Large uncertainties 

exist with each 

modeling step 

Met 

WRF 

MM5 

NARR 

Station data 

Idealized 



Daily BlueSky Production Runs 
1/31/2015 Satellite Fire Detections 

http://www.airfire.org/data/bluesky-daily/  

1.33 km 

4 km 

2 km 

6 km 

4 km 
4 km,  
12 km 

12 km 1 km 

http://www.airfire.org/data/bluesky-daily/
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http://www.airfire.org/data/bluesky-daily/


The website provides information on status of the runs 

Successful! Running late…. 

No Fires 

http://www.airfire.org/data/bluesky-daily/  
 

Failures show up 
in red. 

http://www.airfire.org/data/bluesky-daily/
http://www.airfire.org/data/bluesky-daily/
http://www.airfire.org/data/bluesky-daily/


Daily BlueSky Production Runs 
1/31/2015 Satellite Fire Detections & PM2.5, 12km 

http://www.airfire.org/data/bluesky-daily/  

http://www.airfire.org/data/bluesky-daily/
http://www.airfire.org/data/bluesky-daily/
http://www.airfire.org/data/bluesky-daily/
http://www.airfire.org/data/bluesky-daily/


Wildland Fire Air Quality 
Response Program 

• Air Resource Advisors 

• Deployed to Incident Command 

Teams and Geographic Area 

Commands 

• Modeling, Monitoring, Messaging 

• Dispatches: 13 - 2012, 25 - 2013, 

over 40 - 2014 
• Smoke Monitoring Cache 

– 20 E-Samplers 

• Trainings: 2012, 2013, 2014 

• Pete Lahm – Coordinator 

 



Carlton Complex 
Washington State 2014 

250,000 acres 

http://en.wikipedia.org/wiki/2014_Washington_state_wildfires 



Carlton 
Complex 

August 2014 

Washington Smoke Blog 

On this gorgeous, clear day with no 

smoke, let's take a look at the differences 

between two air quality monitors located 

less than 9 miles apart in the same 

Methow Valley.  The blue graphs indicate 

1-hr average concentrations of PM2.5 

while the red data points are 24-hr 

averages. Note that while the 24-hr values 

trended rather similar for the two sites 

(expected as they are spatially close) the 

peak 1-hr values differed greatly!  

Posted by Mike Broughton, FWS, ARA 



Carlton Complex, 8/4/2014 6am, 
1.33 km Domain 

Winthrop 

Twisp 



Carlton Complex, 8/4/2014 6am, 
12 km Domain 

Winthrop 

Twisp 



BlueSky PM2.5 from Wildfires 
1.33 km UW WRF Domain 

8/4/2014 7am PT 



BlueSky PM2.5 from Wildfires 
4 km UW WRF Domain 

8/4/2014 7am PT 



BlueSky PM2.5 from Wildfires 
12 km NWS NAM Domain 

8/4/2014 7am PT 



BlueSky PM2.5 from Wildfires 
1.33 km UW WRF Domain 

8/4/2014 2pm PT 



BlueSky PM2.5 from Wildfires 
4 km UW WRF Domain 

8/4/2014 2pm PT 



BlueSky PM2.5 from Wildfires 
12 km NWS NAM Domain 

8/4/2014 2pm PT 



Interpreting Model Runs 

• What question are you trying to answer?  
• When/where will smoke effects occur 
• Will there be an exceedence to the AQ standards? 

 
• Get as much information as possible on what went into the model runs – includes 

fuels, weather, fire location, fire size, etc. 
• Familiarize yourself with model limitations 
• Familiarize yourself with monitor limitations 
• Compare different model outputs (different domains, resolutions, etc.) 
• Mentally adjust output to compensate for known inaccuracies (too many acres, 

dispersion down wrong drainage, etc.) 
 

Example: Carleton Complex, Washington State, 2014 



Forecasting smoke is 
not like forecasting 
temperature; 

it is closer to forecasting 
precipitation.  
 
But, smoke forecasting 
often lacks the data, the 
human forecaster, and the 
probabilistic language of 
precip forecasting  



Land 
Management in 

the Wildland 
Urban Interface 

 
West Bend 
Vegetation 

Management 
Project Location 



Bend Intrusions 24-hr PM2.5 

2 Bulls Wildfire 

Oct 5 
Intrusio
n 

April 11, 13, 
16 Intrusions 

NAAQS 



Research Project 

• Investigate fuel conditions leading to smoke 

incursions 

• Investigate meteorological conditions leading 

to smoke incursions 

• Smoke modeling of intrusions 



Monitor Locations 

• E-Samplers 

(blue) 

• Meteorological 

Station (yellow) 

• Camera (purple) 

• Fall 2014 

• Spring 2015 



October 5, 2014 Smoke Intrusion 

• 3 Rx fires SW of Bend 

• Approximately 50 acres each 

• Ignited from 11am-1pm PDT 

• Maximum 1-hr PM2.5 

concentration of  

96 mg/m3  at 2am, another 

peak of 94 mg/m3 at 8am 

• 24 hr average PM2.5 = 27 

mg/m3  

• BlueSky Simulations 

• HYSPLIT Trajectories 

• 1-km NWS Fire Weather 

Domain 

• 4-km PNW WRF Domain from 

University of Washington 

























Smoke Modeling Results 
• 1-km domain captured the timing of the 

smoke transport to Bend 

• 1-km results did not simulate 

concentrations well (maximum of 12 

mg/m3) 

• 4-km results did not simulate timing or 

concentrations well 

• Increased the smoldering consumption 

4 times 

– 1-km domain: Peak concentration of 37 

mg/m3  

– 4-km domain: Peak concentration did 

not change much (from 5 to 8 mg/m3). 

Timing of smoke into Bend did not 

improve 



BlueSky Playground – allows users to do custom runs 
playground.airfire.org 



Current & Future Work/Activities 

• BlueSky Canada & include Canadian Emissions 

• NOAA HYSPLIT – Updating BSF 

• BlueSky-lite 

• Updated Emission Factors 

• Continue working with the Interagency Wildfire Air 

Quality Response Program 

• Cloud computing to make predictions much faster 



Thank you!   

Susan O’Neill 

smoneill@fs.fed.us  

206-732-7851 

Many thanks to a cast of thousands (OK, 
maybe 10’s). Here’s an incomplete list (in no 
particular order): 
 
Sue Ferguson   Janice Peterson 
Sim Larkin    Miriam Rorig 
Susan O’Neill   Robert Solomon 
Candace Krull   Joel Dubowy 
Ramesh Narasimhan  Pete Lahm 
Roger Ottmar   Susan Prichard 
Sonoma Tech, Inc. 
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http://www.forestsandrangelands.gov/
http://www.noaa.gov/



