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:	Air-quality	Indicator	Report	for	Public	Access	and	Community	Tracking	
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		AIRPACT-Fire	

Current	forecasZng	systems	have	a	
challenge	to	capture	the	observed	
PM2.5	during	the	wildfire	season	
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ObjecZves	of	this	study	
1)  to	improve	the	accuracy	of	forecasts	

by	more	explicit	treatment	of	fire	
behavior,	fire	emissions,	and	plume	
rise	

2)  to	improve	the	Zmeliness	of	our	
forecasts	through	the	introducZon	of	
a	nowcast	capability	for	smoke	
transport		

3)  to	develop	and	implement	new	
public	health	informaZon	for	the	
forecast	system	



WRF	framework	(atmosphere):	
•ARW	atmospheric	core	
•WPS	preprocessing	system	
	

Fire	Spread	Model:	
•Rothermel	semi-empirical	
fire	spread	model	
•Fire	front	tracking	based	on	
the	level	set	method	

FIRE-GENERATED	
HEAT	AND		
MOISTURE	

WRF-SFIRE		

FIRE-AFFECTED	
WINDS	

	
				

Fuel	Moisture	Model	(Van	
Wagner	and	PickeS)	
•Drying	and	weTng	due	to	
changes	in	T	and	RH	
•WeTng	due	to	rain	
•Explicit	treatment	of	
different	fuel	classes	

FUEL	MOISTURE	

Large	scale	weather	iniWal	and	
boundary	condiWons:		
•3km	HRRR	data,	5km	NAM227,	
12km	NAM	218,12km	NARR		
StaWc	data:	
•High-resoluWon	topography	
•Land	Use	and	Soil	Data	
	

High	resoluWon	fuel	data:	
•30m-resoluWon	fuel	descripWon		
•30m-resoluWon	elevaWon	data	
•Wmes	and	locaWons	of	igniWons	or	
fire	perimeters	
•IniWal	fuel	moisture	
	

METEO	INPUT	

FIRE	INPUT	

High-resoluWon	forecast	
including	
•plume	height	
•wind	speed	and	direcWon	
•air	temperature	
•air	humidity	
•precipitaWon	
	

High-resoluWon	fire	forecast	
including:	
•fire	area	
•fuel	moisture	
•fire	heat	flux	

METEO	OUTPUT	

FIRE	OUTPUT	

Smoke	air	quality	forecast	

AIRPACT	
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Coupled	fire-atmosphere	model	(WRF-SFire)	feeding	AIRPACT	



UnidenZfied	species	(blue	or	green)	

From:	Warneke	et	al.,	IJMS,	2011	

Goal:	Determine	the	extent	to	which	
characterizaZon	at	the	molecular-structure	level	
improves	model	representaZon	of	secondary	
pollutants	from	biomass	burning,	focus	on	SOA	

1.  Use	data	from	FLAME-4	(Fourth	Fire	Lab	at	
Missoula	Experiment)	to	calculate	emissions	
factors	and	build	an	updated	emissions	
inventory	for	‘boreal	forest’	land	cover	type	

2.  Run	regional	air	quality	model	(CMAQ)	with	
default	and	updated	emissions	

3.  Evaluate	changes	in	SOA	and	PM2.5	formaZon;	
compare	model	predicZons	with	observaZons		

		Uncertainty	in	Secondary		
		Organic	Aerosol	(SOA)	from	Wildfires	
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Modified	from	the	ppt	from	Kelley	BarsanZ	



Surrogate	SAPRC	Profiles:	Default	vs.	Updated		

Default	

Updated	

%	EF	by	Mass	
ALK5	 	0.1%		 	0.6%		
ARO1 	0.5%		 	0.9%	
ARO2 	0.1%		 	6.1%	
BENZ 	2.3%		 	2.3%	
TERP 	1.0%		 	3.6%	
ISO 										0.5% 		2.5%	

SOA	precursors:	ALK5,	
ARO1	(incl.	toluene),	
ARO2	(incl.	xylene),	BENZ,	
ISO,	TERP	(incl.	a-pin.),	
SESQ	
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Model	Results:	Changes	in	Total	SOA	

Modified	from	the	ppt	from	Kelley	BarsanZ	



OMI	Ozone	profiles	comparison	to	AIRPACT	
																-	showed	the	benefit	of	using	MOZART	(BCON)	in	Asian	Transport	cases	
AIRS	CO	comparison	to	AIRPACT	
																-	showed	the	benefit	of	including	MOPITT	CO	in	the	MOZART	runs	
OMI	NO2	comparisons	to	AIRPACT	
																-	confirmed	spaZal	distribuZon	of	NOx	in	AIRPACT	domain	
																-	showed	the	effects	of	mixing	an	old	EI	with	a	new	EI	in	the	model	(e.g.			

						Canada	and	Utah	were	under-predicted).	
MODIS	AOD	comparisons	to	AIRPACT	
																-	Useful	for	evaluaZng	smoke	predicZons	
MISR	and	CALIPSO	plume	height	comparisons	to	AIRPACT	
																-	Showed	the	effect	of	coarse	grids	on	plume	transport	(e.g.	flat	mountains)	
																-	highlighted	the	need	for	taking	the	appropriate	height	for	surface	
predicZons	
IASI	NH3	comparisons	to	AIRPACT	
																-	helped	idenZfy	large	error	in	NH3	point	source	

		Satellite	products	used	for	AIRPACT	 Farren	Herron-Thorpe	-	WA,	Dept.	of	Ecology	
Brian	Lamb,	Joe	Vaughan,	George	Mount	-	WSU	



AIRPACT	

OMI	NO2:	Jan	2008			

KNMI	OMI	

SpaZal	avg.	AIRPACT	

NASA	OMI	

•  Good	spaZal	correlaZon	to	OMI	NO2		
•  Importance	of	updated	emissions	

inventories	

Annual	%	differences	between	AIRPACT-3	and	OMI	
(CollecZon	3).		RepresenZng	relaZve	trends	in	needed	
model	emissions	adjustments.	



The	boundary	condiZons	derived	from	MOZART	helped	to	fix	both	
CO	and	Ozone	biases	in	AIRPACT:		
•  AIRPACT-OLD:	used	boundary	condiZons	from	Horowitz	(2000)			
•  AIRPACT-New:	uses	MOZART	forecasts	from	NCAR	(Emmons)	

AIRS	CO	
AIRPACT	West	boundary	CO	

April	1	to	May	30,	2010	

Ve
rZ
ca
l	c
ol
um

n	
CO

	

AIRAPCT-NEW	
AIRPACT-OLD	
AIRS	



Satellite	products	have	been	useful	for	idenWfying	large	errors	in	a	model	
(e.g.,	missing	emissions)	and	evaluaWng	polluWon	events	(e.g.,	Asian	
transport	and	Wildfires)	
� Biases	for	aerosol,	CO,	and	NO2		in	AIRPACT	are	generally	detectable	using	NASA	
instruments	

However,	the	coarse	temporal	and	spaWal	resoluWon	of	satellite	data	and	
large	boundary	layer	errors	leave	much	to	be	desired	for	those	interested	in	
surface	chemistry.		
� AddiZonal	challenges	for	the	PNW	regions	due	to	relaZvely	low	polluZon	levels	and	
persistent	clouds	

Successfully	integraZng	satellite	products	into	AIRPACT	requires	
collaboraWon	
� NASA	ó	NCAR	ó	LAR	ó	NW-AIRQUESTóEPA	and	coupling	with	surface	monitors	

GeostaWonary	satellite	products	would	be	very	beneficial	to	AIRPACT	

Summary	


