Supplementary Appendices

[bookmark: _GoBack]Supplementary tables include summaries of major field data collection campaigns of wildland fire and smoke. Table S1 summarizes field-based experiments from the 1970s to 2000. Table S2 summarizes major airborne sampling campaigns as part of the Biomass Burning Experiment (BIBEX) projects lead by the International Geosphere-Biosphere Program. Table S3 includes recent field campaigns that collected observations of fire-atmosphere interactions (FAI).

Table S1: Major field-based experiments on fire behavior and smoke from the early 1970s to 2000, study dates, general measurements and study location, and application to fire and smoke modeling. BIBEX burns are summarized in Table S2.
	 Project and key references
	Study dates
	Measurements and location
	Model application
	Source references

	Black spruce crown fire studies
	1973 to 1983
	Experimental fires were conducted in jack pine (immature and mature) forests in north central Ontario.
	Dataset used to evaluate the Canadian Forest Fire Weather Index System.
	Albini and Stocks (1986)
Stocks (1980)
Stocks (1987a)
Stocks (1987b)
Stocks (1989)

	International Crown Fire Modeling Experiment (ICFME) 


	1990 to 2000
	Circumboreal forests (see below)

	Validation of empirical crown fire spread and intensity model. 
	Alexander et al. (1998)
Butler et al. (2004)
deGroot et al. (2004)
Putnam and Butler (2004)
Stocks et al. (2004b)

	· ICFME - Bor Forest Island Fire Experiment. Fire Research Campaign Asia-North (FIRESCAN)
	July 1993

	Pre-fire vegetation, fuel, fire behavior, atmospheric emissions and post-fire effects in scotch pine, western Siberia
	
	FIRESCAN Science Team (1996)


	· ICFME (Canada)


	1997-2000
	Crown fire behavior, aerosol and trace gas formation, and post-fire regeneration using 18 experimental burns in the Northern Territories, Canada
	Contributed to development of crown fire behavior models. Used to research the inclusion of wind data in FIRETEC.
	Stocks et al. (2004a)



	· ICFME FROSTFIRE (Alaska)
	July 1999
	Wind, temperature fields, crown fire behavior, fuel consumption, radiant energy, and trace gas and aerosol formation in a high-intensity burn of boreal spruce-hardwood forests, Fairbanks, Alaska 
	Assisted development of fuel characteristic classes (FCC), which drive CONSUME and EPM.
	Harden et al. 2004


	Australian Fire Experiments
	1990-2000
	Various studies to evaluate fire behavior and fire and vegetation dynamics.
	Contributed to development of wildfire spread and tree population dynamics models.
	

	· Annaburroo

	1985-2001
	Fire behavior and factors influencing fire spread in northern Australian grasslands.
	Used in development of quasi-empirical wildfire spread rate model.
	Cheney et al. (1993, 1998)

	· Kapalga fire experiment

	1990-1994
	Fire behavior, atmospheric chemistry, hydrology, and Fire effects to vegetation and wildlife in eucalyptus savannas of northern Australia 
	Assisted development of Flames Simulation Model.
	Williams et al. (1998)
Andersen et al. (1998)
Andersen et al. (2006)


	· Project Vesta

	1998-2001
	Pre-fire fuel characterization, wind fields and fire behavior using 100 (4-ha burns in eucalypt forests of southwestern Australia.
	Creation of Dry Eucalypt Forest Fire Model (aka Project Vesta Model).
	Gould et al. (2008)


	Crude Oil Burning Experiments

	1993-1994
	Pool fire experiments and plume characterization and dispersion.
	Evaluation of A Large Outdoor Fire Plume Trajectory Model (ALOFT).
	McGratton et al. (1997)

	· Newfoundland Offshore Burn Experiment (NOBE)


	Aug 1993
	Offshore burning experiment by Environment Canada.
	Assisted development of the Large Eddy Simulation (LES) plume trajectory model.
	Fingas (1995)
Ross et al. (1996) 


	· Burning of Emulsions Tests

	Sept 1994
	Three emulsion burns conducted by Alaska Clean Seas (ACS) near Prudhoe Bay, Alaska. Measurements included plume development, atmospheric turbulence and smoke dispersion.
	Used to evaluate the Large Eddy Simulation (LES) plume trajectory model.
	McGratton et al. (1995) 

	· Open-pit diesel burning tests in Mobile Alabama (flat terrain)

	Oct 1994
	Three mesoscale burns in open pans of known volume were conducted in Mobile Bay, Alabama. Smoke plumes, turbulence and particulate concentrations were measured.
	Used to evaluate the A Large Outdoor Fire plume Trajectory (ALOFT) model.
	Walton et al. (1995)





Table S2: Biomass Burning Experiment (BIBEX) projects lead by the International Geosphere-Biosphere Program.
	 Project
	Study dates
	Measurements and location
	Data and key references

	Southern Tropical Atlantic Regional Experiment (STARE)
	1990 to present
	Sources and atmospheric transport of trace gases including O3 and CO in the southern tropical Atlantic Ocean
	Andreae et al. (1996)

	Transport and chemistry near the Equator-Atlantic (TRACE-A) 
	August-October 1992

	Western portion of STARE program including Brazil, Congo Republic and Ascension Island as well as aircraft observations spanning the South Atlantic. Trace gases including O3, CH4 and N2O. 
	Goldammer et al. (1997)

	Southern Africa Fire-Atmosphere Research Initiative (SAFARI-92)
	1992
	Ground and airborne chemical and meteorological measurements in South Africa savannas.
	Goldammer et al. (1997)

	AFARI-97 Field Campaign in Kenya
	Sept-Oct 1997
	Continuation of SAFARI in east African savannas in Kenya with an emphasis on CO, CO2 and aerosol formation. 
	Delmas et al. (1999)

	SAFARI 2000
	1999-2000
	Coordinated ground and airborne campaign to quantify emissions from dry and wet-season biomass burning.
	Keene et al. (2006)

	Zambian International Biomass Burning Emissions Experiment (ZIBBEE)
	Jun-Aug 1996 and 
Aug-Sept 1997
	Study of seasonal trends in biomass burning, emissions and aerosol formation in Zambia.
	Hoffa et al. (1999)


	Experiment for Regional Sources and Sinks of Oxidants (EXPRESSO)
	Nov-Dec 1996 
	Coordinated atmospheric measurements from research aircraft and NOAA-AVHRR imagery of dry-season burning in the Republic of Congo.
	Delmas et al. (1999)

	European Studies on Trace Gases and Atmospheric Chemistry (EUSTACH)
	1999 wet-to-dry and dry-to-wet season transitions
	Integrated study of biogeochemical cycling of carbon, aerosols, trace gases, water and energy in the Amazon Basin of Brazil. 
	Andreae et al. (2002)

	Cooperative LBA Airborne Regional Experiment (LBA-CLAIR)
	Mar-April 1998
July 2001
	Trace gas emissions and aerosol formation from biomass burning in the central Amazon basin
	Andreae et al. (2001)

	Smoke, Aerosols, Clouds, Rainfall and Climate (SMOCC)
	Dry season 2002
	Aerosol and cloud formation during dry season burning in the Amazon basin, Brazil.
	Andreae et al. (2008)





Table S3: Recent field campaigns that collected observations of fire-atmosphere interactions (FAI). For a review of FAI research see Potter 2012a, b).
	Project
	Study dates
	Measurements and location
	Model support
	Data and key references

	FireFlux I and II
	
Jan 2013
	Fine-scale turbulence and plume thermodynamics during an experimental burn of a 62-ha grassland unit in Houston, Texas.
	Assessment of FOREFIRE/MESONH and WRF-Sfire. Validation of free-agent cellular automata model of fire spread and fire-atmosphere coupling.
	Clements et al. (2007, 2008, 2010)


	Sub-canopy transport and dispersion of smoke (Subcanopy)
	Mar 2010-Feb 2011
	Pre-fire fuels characterization, fuel consumption, emissions and dispersion studied within five experimental burns in mature longleaf forests of North Carolina.
	Evaluation of simple puff dispersion model for in-canopy plume transport and dispersion. Developed and validated pathway in BlueSky Smoke Modeling Framework for low-intensity/smoldering emissions and subsequent smoke forecasts.
	Strand et al (2016)


	Integrated Monitoring and Modeling System for Wildland Fires (IS4FIRES)
	June 2009
	Ground-based and aircraft measures of emissions, aerosol formation and meteorological conditions within and downwind of the plume were collected in an experimental burn of a Scots pine logging slash site in Finland.
	Validation of meso- to global-scale atmospheric models. System for Integrated Modeling of Atmospheric Composition (SILAM), Dispersion from strongly buoyant sources - Finnish Meteorological Institute (BUO-FMI), High Resolution Limited Area Model HIRLAM), and European Center for Medium-Range Weather Forecasts Numerical Weather prediction models. 
	Clements et al. (2009)


	Development of modeling tools for predicting smoke dispersion from low-intensity fires (JFSP 09-1-04-1)
	2009
	Located in New Jersey Pine Barrens Administrative Area and National Reserve. Focus on models of smoke movement.
	Test and evaluation of Weather Research and Forecasting Model Flexible Particle Dispersion Model (WRF-FLEXPART), Atmosphere to CFD (A2C), Regional Atmospheric Modeling System based Forest Large Eddy Simulation Model (RAFELS), and Advanced Regional Prediction System (ARPS).
	Heilman et al. 2013






Table S4: Topic areas and measurements collected in the RxCADRE experimental burns in 2008, 2011 and 2012 at Eglin Air Force Base, Florida and Joseph W. Jones Ecological Center, Georgia. Data are available at: http://www.fs.usda.gov/rds/archive/Product/RDS-2015-0036
	Topic
	Measurement
	Reference

	Pre- and post-fire fuel characterization
	Pre- and post-fire surface fuel loading and cover
Fuel height (terrestrial lidar)
Fuel consumption
	Ottmar et al (2016)
Rowell et al. (2016)
Hudak et al. (2016)

	Fire meteorology
	Ambient fire weather conditions
Fire-atmosphere interactions
including fire-induced circulations, sensible heat flux and turbulence
	Clements et al. (2016)

	Fire behavior
	Flame height and spread rate
Radiant and total energy
Convective heating and cooling
	Butler et al. (2016)
O’Brien et al. (2016)

	Fire radiative power and energy
	Fire radiative power
Fire radiative energy and fuel consumption
	Dickinson et al. (2016)
Hudak et al. (2016)

	Smoke and emissions
	Aerial and ground-based measures of CO2, CO, CH4, PM and black carbon
Optical properties of smoke
	Strand et al. (2016)





Table S5: Recent atmospheric chemistry measurement campaigns.
	Project
	Study dates
	Location and measurements
	Model support
	Data and key references

	Studies of Emissions and Atmospheric Composition, Clouds and Climate Coupling by Regional Surveys (SEAC4RS)
	Ongoing 
	Near surface and tropospheric measurements of pollutant emission including gas and aerosol evolution and influence on meteorology and climate in the western United States.
	Creation of cirrus database for evaluation and improvement of global climate models. Evaluation of AERONET retrievals used as input for climate and chemical transport models.
	

	Arctic Research of the Composition of the Troposphere from Aircraft and Satellites (ARCTAS)
	July 2008
	Opportunistic study of air-born smoke plumes in the arctic atmosphere. Two research aircraft collected emissions data from known plumes including source and downwind to evaluate the long-range transport of wildland fire smoke and compare to satellite observations. Based in Canada.
	Validation of WRF-Chem model. Improved snow BRDF model.
	Jacob et al. (2010)


	Biomass-burning Aerosols in South East Asia: Smoke Impacts Assessment (BASE-ASIA)
	Feb-May (dry season) 2006
	Regional study of atmospheric trace gases and aerosol formation and dispersion from biomass burning in central Thailand using coordinated satellite and ground-based measurements of emissions and transport. 
	Validation of the Community Multiscale Air Quality Modeling System (CMAQ) for regional chemical transport.
	Tsay et al. (2013) 


	7-SEAS/Dongsha Experiment
	Mar-June 2010
	Collected observations of atmospheric chemistry, radiation and meteorology and aerosol properties from biomass burning on Dongsha Island, Taiwan. 
	Validation of HYSPLIT and NAAPS.
	Wang et al. (2011, 2013)



	South American Biomass Burning Analysis (SAMBBA)
	Sept 2012 (dry to wet season transition)
	Located in Porto Velho. Used a large research aircraft to make radiation, trace gas and aerosol measurements from biomass burning coordinated with satellite measurements. 
	Suggests over- and underestimation from models in eastern Amazon forest, including underestimation of smoke particle loading by 3BEM- and FINN-driven model simulations, overestimation of fire emission from 3BEM-FRP, and underestimation of atmospheric aerosol load by MACC and Coupled Aerosol and Tracer Transport Model.

	Pereira et al. (2016)
http://www.atmos-chem-phys.net/16/6961/2016/acp-16-6961-2016.pdf



	FIREX-AQ
	Ongoing
	Combining aircraft and in-situ measurements to study the chemistry and evolution of emissions from biomass burning using both nighttime and daytime sampling of North American wildfire plumes. 
	Will contribute to wildfire impact modeling including the effects of fire emissions on global chemistry and climate. Will also validate meteorological and chemical models.
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