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Overview of Fire EIOverview of Fire EI
Evolution of Fire EI Methods Evolution of Fire EI Methods 

Past, Present & FuturePast, Present & Future

Past (prior to 2002) Fire EI was Past (prior to 2002) Fire EI was ““simplifiedsimplified””

~~ Emission estimates were Emission estimates were ““toptop--down, countydown, county--levellevel””

Present (2002) is much improved, but costlyPresent (2002) is much improved, but costly
~~ But, there is no ongoing funding available to But, there is no ongoing funding available to 
repeat it for other years (using the same approach)repeat it for other years (using the same approach)

Future is brightFuture is bright……
~~ This requires a melding of new databases and This requires a melding of new databases and 
technologiestechnologies



Pollutants in NEI for Pollutants in NEI for 
Wildland FiresWildland Fires

Criteria & Other:Criteria & Other:
PM2.5, PM10, VOC, NOx, SOPM2.5, PM10, VOC, NOx, SO22, CO, NH, CO, NH33

HAPsHAPs::

1,3-Butadiene Benzo[e]Pyrene Methyl Chloride
1-Methylpyrene Benzo[g,h,i,]Perylene Methylanthracene
Acetaldehyde Benzo[k]Fluoranthene Methylbenzopyrenes
Acrolein Benzofluoranthenes Methylchrysene
Anthracene Carbonyl Sulfide Perylene
Benz[a]Anthracene Chrysene Phenanthrene
Benzene Fluoranthene Pyrene
Benzo(a)fluoranthene Formaldehyde Toluene
Benzo(c)phenanthrene Hexane Xylenes
Benzo[a]Pyrene Indeno[1,2,3-c,d]Pyrene



““Prior to 2002Prior to 2002”” Fire EIFire EI DevelopmentDevelopment
How How ““simplifiedsimplified”” was it?was it?

Pre 2002 Fire EI was Pre 2002 Fire EI was NOTNOT ““time & locationtime & location”” specificspecific
Total annual acres burned Total annual acres burned by Stateby State..

National Interagency Fire Center (NIFC) fire statisticsNational Interagency Fire Center (NIFC) fire statistics
Annual acres burned estimates Annual acres burned estimates –– USFS, DOI, most StatesUSFS, DOI, most States

StateState--level annual emissionslevel annual emissions
== Emissions / acre burned Emissions / acre burned XX acres burned in Stateacres burned in State

(EF(EF’’s for multis for multi--state averages of fuel type & consumption)state averages of fuel type & consumption)

Allocate annual State emissions to countyAllocate annual State emissions to county--level  level  
Apportioned by % of StateApportioned by % of State’’s forested land in each countys forested land in each county

Allocate annual countyAllocate annual county--level emissions to month  level emissions to month  
Use StateUse State--level temporal allocation factorslevel temporal allocation factors



2001 Fire Emissions in NEI2001 Fire Emissions in NEI

Regional Fuel CharacteristicsRegional Fuel Characteristics
StateState-- to Countyto County-- level level ““allocationallocation””
Annual to monthly Annual to monthly ““allocationallocation””



Pre 2002  >  2002 Fire EIPre 2002  >  2002 Fire EI
Evolution from Evolution from ““TopTop--downdown”” to to ““EventEvent--basedbased””

PrePre--20022002 –– event level fire EI wasnevent level fire EI wasn’’t a priorityt a priority

20022002 –– new needs and capabilitiesnew needs and capabilities
Daily PM, O3 & Haze programs put more Daily PM, O3 & Haze programs put more ““pressurepressure”” on the Fire EIon the Fire EI



Satellite View of Cave Creek Fire Satellite View of Cave Creek Fire 
One of the Largest Fires in US in June One of the Largest Fires in US in June ‘‘0505

The Moderate Resolution Imaging Spectroradiometer (MODIS) 
on NASA's Terra satellite captured this image of the fire on 

June 23, 2005, at 11:50 a.m., local time
Source: 

http://www.nasa.gov/vision/earth/lookingatearth/Arizona_Wildifire06.23.05.html



Difference in 24-hr Average PM2.5 June 24 
Forecast

Fires – No Fires



Difference in Max 8-hr Ozone for June 25 Forecast

(Fires  – No Fires)



Scatter Plots of Max 1-hr Ozone, Max 8-hr Ozone 
and daily Mean PM2.5 for June / July episode

Note: only model-obs. 
pairs selected where a fire 

impact was detected: 

O3 (Fire-base)>4ppb
PM25 (Fire-base)> 

2ug/m3

Legend
•With Fires
•Without Fires



Pre 2002      Pre 2002      20022002 Fire EIFire EI
Evolution from Evolution from ““TopTop--downdown”” to to ““EventEvent--basedbased””

PrePre--20022002 –– eventevent--based fire EI not a prioritybased fire EI not a priority

20022002 –– new needs and capabilitiesnew needs and capabilities
Daily PM, O3 & Haze programs Daily PM, O3 & Haze programs ““pressuredpressured”” the Fire EIthe Fire EI
Improved tools improve the quality of the emissions Improved tools improve the quality of the emissions 
estimatesestimates

Event dataset deficitsEvent dataset deficits (ICS 209, DOI 1202)(ICS 209, DOI 1202)
Fire growth rate data (acres/event, NOT acres/day)Fire growth rate data (acres/event, NOT acres/day)
Fire names ~ often inconsistent over the life of fireFire names ~ often inconsistent over the life of fire
Errors & omissions, date & location differences, Errors & omissions, date & location differences, 
Costly process to track down & resolve the issuesCostly process to track down & resolve the issues



(Courtesy: USFS/Sonoma)(Courtesy: USFS/Sonoma)



(Courtesy: USFS/Sonoma)(Courtesy: USFS/Sonoma)



2002 Fire EI Development2002 Fire EI Development
Fire Incident Datasets Fire Incident Datasets (ICS 209, DOI 1202, some States)(ICS 209, DOI 1202, some States)

Huge Effort Huge Effort (by RPO(by RPO’’s / Air Sciences)s / Air Sciences) to QA Datasets to QA Datasets 
Errors & omissionsErrors & omissions
Average daily fire sizeAverage daily fire size
special emphasis on 14 fires >10,000 acres in sizespecial emphasis on 14 fires >10,000 acres in size

GeoGeo--referenced fuel type (NFDRS)referenced fuel type (NFDRS)

GeoGeo--referenced moisture by date/locationreferenced moisture by date/location

FEPS used to calculate fuel consumptionFEPS used to calculate fuel consumption
Lookup matrix ~ combinations of regional fuels, moisturesLookup matrix ~ combinations of regional fuels, moistures

WF & PB estimate emissions for all Criteria & 29 WF & PB estimate emissions for all Criteria & 29 HAPsHAPs
(Note: Agricultural burning, where available was provided(Note: Agricultural burning, where available was provided by RPOby RPO’’s/States)s/States)

______________________________________________________________________
WF EI preparation by Air Sciences ~ funded by RPOWF EI preparation by Air Sciences ~ funded by RPO’’s s 
PB EI preparation by EC/R ~ funded by US EPAPB EI preparation by EC/R ~ funded by US EPA
(HAP emission estimates added by US EPA)(HAP emission estimates added by US EPA)



PM2.5 Emissions and ACRES 2002
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>3200>3200



>48>48



>48>48



2005 Fires EI2005 Fires EI Goals & ResourcesGoals & Resources
Evolution from EventEvolution from Event--based to Hybrid based to Hybrid 

Goals: Develop a method to estimate biomass burning Goals: Develop a method to estimate biomass burning 
emissions that isemissions that is……..

Better than preBetter than pre--2002 methods and 2002 methods and 
Not as costly as 2002, but providesNot as costly as 2002, but provides……
““acceptableacceptable”” emissions information until the emissions information until the ““next next 
generationgeneration”” of databases & satellite tools are available.of databases & satellite tools are available.

Data Resources & ToolsData Resources & Tools
209 & 1202 Reports209 & 1202 Reports
MODIS satellite productsMODIS satellite products
GOESGOES satellite productssatellite products
Estimation toolsEstimation tools e.g., Consume 3, FCCS, BlueSky Frameworke.g., Consume 3, FCCS, BlueSky Framework



2005 Fire EI Development2005 Fire EI Development
11stst GenerationGeneration Hybrid (Events /Satellite Data)Hybrid (Events /Satellite Data)

Who?Who? EPA/ORD with OAQPSEPA/ORD with OAQPS
ObtainObtain MODIS 2005 fire detects, 209 ReportsMODIS 2005 fire detects, 209 Reports
Fuel moistureFuel moisture ~ from fuel moisture models~ from fuel moisture models
Fuel ConsumptionFuel Consumption ~ adapted from Inter~ adapted from Inter--RPO 2002 EI RPO 2002 EI 
projectproject’’s matrix of fuel types & moisturess matrix of fuel types & moistures
CombineCombine (manually) MODIS 2005 fire detects with 209(manually) MODIS 2005 fire detects with 209’’ss

Use each method to crossUse each method to cross--check / supplement the othercheck / supplement the other
Resolve mismatches in locationResolve mismatches in location--timingtiming--size (as resources permit)size (as resources permit)
Estimate event dates, daily fire sizes, locationsEstimate event dates, daily fire sizes, locations

CompareCompare with other 2005 EI data as available with other 2005 EI data as available 
NOAA, BlueSky, NCAR, NASA, SMARTFireNOAA, BlueSky, NCAR, NASA, SMARTFire
Refine as resources permitRefine as resources permit

EI Quality:EI Quality: Pre 2002 < Pre 2002 < 2005 2005 < 2002< 2002
Resources:Resources: Pre 2002 < Pre 2002 < 2005 2005 << 2002<< 2002



SatelliteSatellite--derived Fire Data & Event Databasesderived Fire Data & Event Databases
AdvantagesAdvantages & Limitations& Limitations

SatelliteSatellite--derived Dataderived Data
Eliminates human error in database preparationEliminates human error in database preparation
Provides more accurate info on dayProvides more accurate info on day--toto--day progression of large firesday progression of large fires
Potential for retrospective analysis of area burned (burn scar Potential for retrospective analysis of area burned (burn scar -- R&D)R&D)
Real time estimate of heat release (R&D)Real time estimate of heat release (R&D)
Detection limit ~ 50Detection limit ~ 50--250 acres (depending on intensity)250 acres (depending on intensity)
Cloud interference (limitation)Cloud interference (limitation)
Conversion of pixels to acres (challenging issue)Conversion of pixels to acres (challenging issue)



Acres vs Pixel Relationship for Acres vs Pixel Relationship for 
FOREST Land UseFOREST Land Use

Excludes matches where  Acres > pixels*247 (e.g., 
where satellite “missed” most of the fire)

ACRES vs PIXELS for FOREST Land-use

y = 56.897x
R2 = 0.6899
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SatelliteSatellite--derived Fire Data & Event Databasesderived Fire Data & Event Databases
AdvantagesAdvantages & Limitations& Limitations

SatelliteSatellite--derived Dataderived Data
Eliminates errors in database preparation (fire location, size, Eliminates errors in database preparation (fire location, size, date)date)
Provides more accurate info on dayProvides more accurate info on day--toto--day progression of large firesday progression of large fires
Potential for retrospective analysis of burn scar (R&D issue)Potential for retrospective analysis of burn scar (R&D issue)
Real time estimate of heat release (R&D issue)Real time estimate of heat release (R&D issue)
Detection limit ~ 50Detection limit ~ 50--250 acres, depending on intensity (limitation)250 acres, depending on intensity (limitation)
Cloud interference (limitation)Cloud interference (limitation)
Conversion of pixels to acres (challenging issue)Conversion of pixels to acres (challenging issue)

Events DatabasesEvents Databases
Will contain data on fires not detected by satelliteWill contain data on fires not detected by satellite

11stst Generation Hybrid ApproachGeneration Hybrid Approach
Synergy ~ 209 database Synergy ~ 209 database andand satellite datasatellite data
2005 EI 2005 EI -- integration will be a manual, somewhat subjective processintegration will be a manual, somewhat subjective process
Powerful tool, high potential ~ for examplePowerful tool, high potential ~ for example……
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(Courtesy: USFS/Sonoma)(Courtesy: USFS/Sonoma)



(Courtesy: USFS/Sonoma)(Courtesy: USFS/Sonoma)



PostPost--2005 Fire EI2005 Fire EI DevelopmentDevelopment
Next Generation of Hybrid Fire EI MethodsNext Generation of Hybrid Fire EI Methods

Fire Emissions Tracking System (FETS)Fire Emissions Tracking System (FETS)
WRAP States WRAP States –– onon--line this summerline this summer

State Fire Tracking SystemsState Fire Tracking Systems
e.g., North Carolinae.g., North Carolina

SMARTFireSMARTFire
Automated integration of Events database & Satellite dataAutomated integration of Events database & Satellite data

Other Tools Development & ResearchOther Tools Development & Research
BlueSky Framework EnhancementsBlueSky Framework Enhancements
Integrating multiIntegrating multi--platform data (GOES, AVHRR)platform data (GOES, AVHRR)
Integrating multiple event databasesIntegrating multiple event databases
Burn scar, GPS Burn scar, GPS and/orand/or remote sensing of perimetersremote sensing of perimeters
HeatHeat--release analysis, multirelease analysis, multi--chimney, plume risechimney, plume rise
Near realNear real--time emissions modelingtime emissions modeling



BlueSky Framework:BlueSky Framework: An Evolving ToolsetAn Evolving Toolset
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MODEL OUTPUT
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Leaders in Satellite Leaders in Satellite -- Fire ResearchFire Research
Partial List of Key PlayersPartial List of Key Players

USFS Pacific Northwest LabUSFS Pacific Northwest Lab
Sonoma TechnologiesSonoma Technologies
US EPA Research Triangle ParkUS EPA Research Triangle Park
NOAA Research Triangle ParkNOAA Research Triangle Park
NOAA Silver SpringsNOAA Silver Springs
NASA LangleyNASA Langley
NASA GoddardNASA Goddard
U of MarylandU of Maryland
U of WisconsinU of Wisconsin
Nat. Center for Atmospheric Research (Boulder)Nat. Center for Atmospheric Research (Boulder)
USFS Remote Sensing Applications Center (SL City)USFS Remote Sensing Applications Center (SL City)
US NavyUS Navy
Many OthersMany Others……..



SummarySummary
Evolution of Fire Emissions EstimationEvolution of Fire Emissions Estimation

Pre 2002 ~ simplified, topPre 2002 ~ simplified, top--downdown
2002 ~ event2002 ~ event--based, extensive based, extensive ““cleanupcleanup””
2005 ~ 12005 ~ 1stst generation hybrid w/ satellitesgeneration hybrid w/ satellites
Post 2005 ~ 2Post 2005 ~ 2ndnd generation hybridgeneration hybrid

Automated integration ~ Automated integration ~ ““events & satellitesevents & satellites””
PostPost--fire burn scar analysisfire burn scar analysis
Quantitative use of heat release sensorsQuantitative use of heat release sensors
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Thank you!

More Info:
Pace.tom@epa.gov
Pouliot.george@epa.gov


