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Pollution f om Wildland Fi es 

• Emissions f om wildland fi es, including wildfi es and p esc ibed 

fo est and ag icultu al fi es, a e  ecognized fo thei impact on 

– ambient ai quality 

–  espi ato y health 

41% of the PM2.5 emissions in the 

USA a e att ibuted to wildland fi es 
(2011 EPA National Emission Invento y) 
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A e Emissions Inevitable? 

• Is the e nothing we can do about emissions 
othe than mapping the path of smoke and 
info ming the impacted public about health 
 isks? 

• O can we unde take land management 
p ocesses to limit the impact of wildfi es? 

done? a ep esc ibed bu ns
which unde conditionsoptimizewecanAnd• 

This will be the fo us of this talk…. 
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Emissions Va y 

• The concent ation and pollutant species va y as a function of 
– Fuel va iables 

• Species 

• Moistu e 

• Season 

– Bu n va iables 
• Fi e intensity and combustion completeness 

• Stage of bu n 

– Meteo ology 
• Humidity 

• Wind 

• tempe atu e 

These effe ts have been minimally  hara terized, 

if at all. 
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Definitions 

• Quantification = Emission facto x Activity 
level 

– Emission facto = mass of pollutant/mass of fuel 

– Activity level = ac es bu ned, mass combusted 

• Modified Combustion Efficiency 
���  

��� � 
���  � ��� 

– Does not account fo unbu ned ca bon in PM 

– Does not account fo unbu ned biomass 
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Ca bon Oxidation and Pollutant Concent ation 

Real time measurements on biomsss 
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Ca bon Oxidation and Pollutant Concent ation 

Real time measurements on biomass 

• Pollutant 
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Emissions and Combustion Quality 

Emission facto s a e 

now being catego ized 

as eithe “Flaming” o  

“Smolde ing” 

– A semi-a bit a y designaDon of MCE E 0.84F 
Smolde ing, MCE > 0.95 F Flaming 

– Howeve , fi es a e a continuum between flaming 
and smolde ing with all fi e conditions occu  ing 
simultaneously ac oss the bu n a ea 
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Results in the Flint Hills, KS PM2.5 

National Emission 

• Seasonal diffe ences in pa ticulate 

matte (PM2.5) emissions? 

• MCE  elationship, Continuous PM2.5 

and Batch samples 

Invento y, g assland 

11.62 g/kg PM2.5 
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PM2.5 

• Good  elationship 

between pa ticulate 

matte (PM) and 

combustion efficiency, 

MCE. 

• Bette combustion 

(highe MCE) = less 

PM 
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Effect of Combustion Efficiency and 

Season on Emissions 

• Volatile o ganic 

compounds (VOCs) 

also show dec easing 

concent ations with 

imp oved 

combustion 

efficiency (MCE) 

• Polycyclic a omatic 

hyd oca bons (PAHs) 

may show slight fall 

dec ease, but 

statistically indistinct 
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Ca bon Emissions 

Carbon in PM2.5 

in reases as 

 ombustion 

effi ien y, MCE, 

de lines . 
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Study Objective 

• In gene al, emissions d op as combustion 

efficiency imp oves. 

• Can we  elate fi e dynamics, o how things 

bu n, to combustion efficiency and then to 

emissions? 
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Combining Fi e Science and Emission Science 

• Many va iables a e believed to dete mine fi e 
emissions 
– Fuel va iables 

• Species 

• Density (a ea and volume) 

• Moistu e 

– Meteo ological 
• Relative humidity 

• Wind speed 

– Fi e dynamics (including combustion efficiency, MCE) 
• Fi e intensity 

• Ignition patte n 
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OpenBu n Test Facility 

Field 

 olle tion of 
Combustion testing biomass 
and emission The unimpressive-looking OBTF 
sampling 
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Open Bu n Test Facility 

• Air flow through fa ility 

• 3.9 × 3.9 × 4.6 m 

• ~60 se ond air turnover 

• Interior measurements 

• Mass loss s ale 

• Flyer 1, 2 

• IR and video  ameras 

• Exhaust du t measurements 

• PM(t) 

Exhaust Du t, 40.6  m diameter 

S hemati  
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Open Bu n Expe iments 

Methods Variables 

• Pine st aw • “Baseline” = Field-collected density 
• 2.42 lb (1.1 kg) pine st aw • “High Fuel Density” = 2x a ea density 
• ~1 m2 bu n pan • “High Bu n Intensity” = pine st aw 
• On aluminum foil sp ead out on 3 shelves 
• Ignited with butane bu ne  

Baseline High Density High Intensity 

The Fi e Continuum Confe ence, Missoula, 
5/15/2018 

MT, May 21-24, 2018 
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Measu ements 

• CO(t) 

• CO2(2) 

• PM2.5(t) 

• VOCs batch 

• BC/EC/OC/TC 

• Ca bonyls 

• PAHs 

• T (IR) 
Flaming (left) and Smoldering (right) 
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Studying Fi e Intensity – IR Measu ements 

Came a: 382 x 288 pixels 

Spect al Range: 7.5 to 13 mic ons 

The mal Sensitivity: 0.08K 

System Accu acy: +/- 2ºC 
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Mass: Baseline, HI, HD 

• High Intensity (HI) burns lose weight faster than the 

Baseline burns and faster than the High Density (HD) burns. 

Our  onditions appear to have defined three different burn 

intensities for whi h we  an determine potential effe ts on 

emission fa tors. 
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Baseline, HI, HD: Mass and MCE 
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MCE is  onsistent (although burn have different 

durations) while mass loss profile  hanges 
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 High Intensity

Baseline and HI: Temp., PM2.5 

• High Intensity burns rea h high temperatures qui kly and this 

is asso iated with qui ker PM2.5 peaks. 
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• High Density burns saturated opti al dete tor and have higher burn 

temperatures that persist. 
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Modeling a Multi-Fireline Ignition Pattern 

During a pres ribed fire, 

multiple drip lines are being 

ignited in a staggered 

fashion. The model shows 

the effe t on downwind fuel 

 onsumption/fire spread. 

Coupling fire 

spread/dynami s with 

fuel emissions  an 

provide us with means 

to minimize emissions. 

Density = 4.5 tons/a  

Wind speed = 13.5 MPH 

Courtesy of Rod Linn, Los Alamos National Se urity, LLC 
The Fi e Continuum Confe ence, Missoula, 

5/15/2018 
MT, May 21-24, 2018 
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What is the p actical impact? 

• If we can tie fi e dynamics to emissions 

amount and composition, this will enable us 

to imp ove fi e p esc iptions (e.g., how and 

when is the best time to bu n): 

– Optimum f equency fo p esc ibed bu ns 

– Assessment of health impacts 

– How the fi e is conducted (e.g., head fi e, flanking 

fi e) affects emissions 

– Moistu e, humidity, wind p esc iption fo fi e 

The Fi e Continuum Confe ence, Missoula, 
5/15/2018 

MT, May 21-24, 2018 
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	– 
	– 
	– 
	Optimum frequencyforprescribedburns 

	– 
	– 
	Assessment ofhealthimpacts 

	– 
	– 
	Howthefireisconducted(e.g.,headfire,flanking fire)affectsemissions 

	– 
	– 
	Moisture, humidity, windprescription forfire 
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