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Particulate	Matter	(PM)	from	Fires
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Unidentified	species	(blue or	green)

From:	Warneke et	al.,	IJMS,	2011

To	improve	the	chemical	speciation	and	
emission	factors	of	SOA	precursors	
• 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

Uncertainty	in	SOA	precursors	from	biomass	burning	emissions
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VOC	Speciation	Profile

Default Updated

Updated	VOC	Speciation	Profile	in	SAPRC07	
based	on	FLAME-IV	measurements

%	EF	by	Mass
ARO2 0.1% 5.0%
TERP 0.5% 2.7%
ISO 0.4% 2.0%
ALK5	 0.1% 0.5%
TOL 1.5% 4.7%
ARO1 0.5% 0.9%
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Updated	PM2.5	Speciation	Profile	in	SAPRC07	
based	on	airborne	measurements	(BBOP	and	SEAC4RS)

UpdatedDefault

Primary	PM	species:									 Default		vs.	Updated
Org	Aerosol	(OC	+NCOM)									78%															88%­
NO3																																					 0%																	3%­
Elemental	Carbon	(EC) 9%																	4%¯



3-D	Modeling

Base run Sensitivity	run

Speciation SMOKE	
default

Updated w/	obs

PM2.5 EFs 12	g/kg 12	g/kg	x	2.23

VOCs	EFs 32.4	g/kg	 32.4	g/kg	x	1.54

Wildfire	Activity	Map,	Aug	2013

AIRPACT	Modeling	Framework
• WRF,	MEGAN,	BlueSky,	SMOKE,	and	CMAQ
• 4	km	x	4	km	horizontal	grids,	with	37layers

• CMAQ	version	5.2

Tsengel
Nergui



BASE	run:	Monthly	PM2.5	and	OA	during	Aug	2013

PM2.5 POA SOA
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monthly	PM2.5	compositions	during	Aug	2013
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BASE:	PM2.5 average	(13.4	µg	m-3) SENS.:	PM2.5 average	(20.8	µg	m-3) 55%­



(Preliminary)	Model	evaluation:	August	2013

• EPA	AQS	PM2.5	measurements
• Mt	Bachelor	Observatory	OA	measurements

– Used	Aerosol	Mass	Spectrometer
• Biomass	Burning	Observation	Project	(BBOP)	aircraft	field	campaign

– Evaluated	CO	only	(for	now).	

Kai	Fan

“The	U.S.	Department	of	Energy’s	
Atmospheric	Radiation	
Measurement	(ARM)	Climate	
Research	Facility	is	deploying	a	G-1	
research	aircraft	above	wildfires	in	
the	U.S.	Pacific	Northwest	region	
as	part	of	the	Biomass	Burning	
Observation	Project	(BBOP)."

Instrumentation
For BBOP, the G-1 aircraft will be equipped with 35 
instruments for measuring various atmospheric components, 
including nearly a dozen new instruments not previously 
used in airborne research.  The instrument suite will measure 
the following:

and absorption

BBOP Website:  http://campaign.arm.gov/bbop

DOE/SC-ARM-13-012

Contacts
Lawrence Kleinman and Arthur Sedlacek 
Principal Investigators
Brookhaven National Laboratory
631.344.3796 and 631.344. 2404
kleinman@bnl.gov and sedlacek@bnl.gov 

The ARM Aerial Facility maintains and operates the G-1 research 
aircraft, plus a large inventory of probes and sensors ideally suited 
for atmospheric research.

Beat Schmid 
ARM Aerial Facility Technical Director
Pacific Northwest National Laboratory
509.375.2996
beat.schmid@pnnl.gov

Lynne Roeder 
ARM Public Information Officer
Pacific Northwest National Laboratory
509.372.4331
lynne.roeder@pnnl.gov



PM2.5	time-series	over	all	AQS	sites

AQS	obs Model	(BASE)
Outer	lines	:	5%/95%
Inner	lines:	25%/75%
Thick	mid-line	:	median	
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Fractional	Biases	for	PM2.5	(AQS obs)

Base	run Sens	run

Runs Obs.	Mean
[µg m-3]

Mod.	Mean
[µg m-3]

RMSE
[µg m-3] Correl. FB,	% FE,	%

BASE 8.4 12.4 19.0 0.32 -8.2% 69.6%
SENS 8.4 18.0 28.9 0.32 9.4% 74.0%



BBOP:	G-1	flight	and	Mt.	Bachelor	Observatory	(MBO)	

 
LI Kleinman and AJ Sedlacek, January 2016, DOE/SC-ARM-15-083 
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1.0 Background 

The Biomass Burning Observation Project (BBOP) was undertaken to advance our understanding of how 
aerosols generated from burned biomass affect the atmosphere and climate. Using the resources of the 
Atmospheric Radiation Measurement (ARM) Aerial Facility (AAF), BBOP deployed the Gulfstream-1 
(G-1) aircraft over active wildfire and agricultural smoke plumes to help identify the impact of 
agricultural burning and wildfires and how these particles evolve over time. Aircraft sampling focused 
primarily on determining the time evolution of fire-generated pollutants over a time period from nearly 
just-emitted to 4 hours of atmospheric aging. Air with a regional accumulation of fire-generated 
pollutants provided information on aging over longer time scales. Two intensive study periods were 
undertaken in 2013: 1) June 15 to September 13, during which the G-1 operated out of its home base in 
Pasco, Washington, with the primary objective of observing wildland shrub and forest fires in the Pacific 
Northwest; and 2) October 1-22, during which the G-1 was stationed in Memphis, Tennessee, and was 
used to observe agricultural burns in the lower Mississippi River Valley. During the first intensive period, 
surface observations were made at Mount Bachelor Observatory (MBO), a mountaintop facility in central 
Oregon that is frequently impacted by wildland burns. In addition to targeting wildfires and agricultural 
burns, BBOP flights were conducted in and around the five urban areas of Spokane, Washington; Seattle, 
Washington; Portland, Oregon; Memphis, Tennessee; and Nashville, Tennessee. Air samples around 
power plants near Nashville also were collected. These urban and power-plant flights served to determine 
the contrasting behaviors of carbonaceous pollutants emitted from different sources. Figure 1 shows the 
locations sampled and ground tracks of the G-1. During BBOP, a total of 35 flights were flown, three of 
which included sampling over and upwind of MBO and one that was flown in coordination with the 
National Aeronautics and Space Administration Studies of Emissions, Atmospheric Composition, Clouds 
and Climate Coupling by Regional Surveys program.  

Figure 1. G-1 BBOP Flight Tracks. Left: Pacific Northwest. Right: Lower Mississippi River Valley 
and Nashville. 

  

G-1	home	base	in	Pasco,	Washington,	

Obtained	from	Fig.1	in	BBOP_campaign_report doe-sc-arm-15-083.pdf

Aug	06	2013

Aug	21,	2013

Aug	16	2013



Organic	Aerosols	at	MBO,	OR	

Biomass	Burning	OA	(BBOA) Total	OA

Obs:					BBOA/OA	=	0.75
BASE	run:	BBOA/OA	=	0.80
SENS	run:	BBOA/OA	=	0.69	





Flight-track	CO:	Aug	6,	2013

BBOP	G-1	flight	CO AIRPACT	CO
ppmv



10:16			10:46			11:16		 11:46			12:16				12:46			13:16		13:46		14:16	

Local	time

CO	along	flight	track:	Aug	06,	2013

Runs Obs.	Mean
[ppm]

Mod.	Mean
[ppm] FB	[%] FE	[%]

BASE 0.209 0.211 -6.8 54



Flight-track	CO:	Aug	16,	2013

BBOP	G-1	flight	CO AIRPACT	CO
ppmv



10:18							10:48							11:18								11:48							12:18							12:48						13:18

Local	time

CO	along	flight	track:	Aug	16,	2013

Runs Obs.	Mean
[ppm]

Mod.	Mean
[ppm] FB	[%] FE	[%]

BASE 0.147 0.256 42 52



Flight-track	CO:	Aug	21,	2013

BBOP	G-1	flight	CO AIRPACT	CO
ppmv



CO	along	flight	track:	Aug	21,	2013

8:25							8:40									8:55							9:10								9:25						9:40								9:55						10:10

Local	time
Runs Obs.	Mean

[ppm]
Mod.	Mean

[ppm] FB	[%] FE[%]

BASE 0.109 0.433 80 83



(Preliminary)	Comparison	to	Val	Martin	et.	al.	2010

Obtained	from	Wei	Zhang	from	Idaho	DEQ



Summary

• We	have	updated	emission	factors	and	lumped	surrogate	distributions	for	VOCs	and	
PM2.5	for	wildfire	emissions,	based	on	recent	chamber	and	field	measurements	(FLAME-
IV,	BBOP/SEAC4RS).

• With	updated	emission	factors	and	speciation	profiles	for	PM2.5	and	VOCs	from	
wildfires,	our	simulations	show	the	increase	of	POA	(152%)	and	SOA	(46%),	total	OA	
(67%),	concentrations	on	average.

• Based	on	preliminary	results	from	ground-based	observation		(AQS	and	MBO),	it	is	
unclear	how	much	our	updated	wildfire	emission	treatments	improve	surface	PM2.5	and	
OA	predictions.	

• Flight	CO	evaluations	show	that	our	model	overpredicts CO	mixing	ratios	in	upper	layers,	
possibly	indicating	too	high	wildfire	plume	rise,	which	is	consistent	with	Wei	Zhang’s	
plume	rise	analysis.	

• To	improve	wildfire	smoke	forecasts,	we	must	have	more	comprehensive	observation	
data	including	fire	location/size/progression,	fuel	type,	vertical	profiles	of	pollutants	and	
plume	rise.	



WRF-Chem:
potential	AIRPACT	mirror	system

(preliminary	results)

YUNHA	LEE	and	Ana	Carla	Fernandez	Valdes

Laboratory	for	Atmospheric	Research	(LAR)
Civil	and	Environmental	Engineering

Washington	State	University	

NW	AIRQUEST	meeting
June	13,	2018



Special	Thanks	to	WA	Ecology

With	15k	support	plus	my	matching	startup	funds,	three	computing	
nodes	were	purchased	in	a	new	WSU	cluster	called	Kamiak.	

Reasons	to	implement	WRF-Chem:	
• Mirror	AIRPACT	system	to	improve	reliability	
• Fundamentally	different	AQ	modeling	for	2	member	ensemble	forecast
• Larger	domain	to	include	more	observations	esp.	field	campaigns
• Coupled	chemistry-meteorology	forecasts	(important	for	wildfire	seasons)
• High-resolution	air	quality	model	(w/	Urban	canopy	model)
• Data	Assimilation	capability	built-in	in	WRF-Chem



WRF-Chem setup	

WRF	v3.9.1.	w/	MOZART-MOSAIC4bin
• Test	run:	Aug	1	to	Aug	16	2017

Domain:	Western	US	(followed	the	
CANSAC	forecast	domain)

Resolution:	18	km

Emissions:	
• MEGAN	biogenic	emissions
• FINN	fire	emissions
• NEI2011	anthropogenic	emissions

Fast	J	Photolysis
Aerosol-Radiation	interactions

Processes Options

Microphysics Morris 2-moment

Radiation	physics Rapid	radiative	transfer	model	
(RRTM)

Surface	layer	physics Monin-Obukhov (Janjic Eta)	
Similarity	scheme

Land-surface	Physics Noah Land-Surface	Model

PBL	physics Bougeault and	Lacarrere
(BouLac)

Cumulus	
parametrization

Grell 3D	ensemble	scheme

Urban	canopy	model No	UCM

Land	use	category 21

Diffusion 2nd order	diffusion,	2D	
Smagorinski



Fire	INventory of	NCAR	(FINN)	emissions

Visit	near-real-time	fire	emissions:	
https://www.acom.ucar.edu/acresp/forecast/fire-emissions.shtml



MOSAIC	aerosol	module
MOSAIC aerosol module

Model for Simulating Aerosol Interactions and Chemistry 
(Zaveri et al., JGR, 2008)

● Modern aerosol scheme in WRF/Chem
● 4 or 8 aerosol size sections (bins) 39 nm – 10 μm
● Interaction with radiation:

■ Direct aerosol effect
■ Effect on photolysis

● Interaction with clouds:
■ Aerosol number determines cloud drop number and size
■ Radiative response → 1st indirect aerosol effect
■ Aqueous chemistry
■ Wet removal (scavenging)

Sectional aerosol schemes

500
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200
180

80
25

3

→ MOSAIC, volcanic ash, 
(GOCART)



Mean	concentrations	for	Aug	1-16,	2017
PM2.5 mean:	40.4	mg	m-3O3 mean:	22.9	ppbv



WRF-Chem vs	AIRPACT-5:	O3 evaluation



WRF-Chem vs	AIRPACT-5:	PM2.5	evaluation



Problems	in	Fire	Emissions

Fire	emissions	at	080517	UTC0 Daily	Mean	Vertical	profile



Future	works

• Investigate	a	vertical	distribution	of	FINN	fire	emissions	

• Implement	BlueSky emissions	(w/	a	help	from	Susan	O’Neill)

• Apply	nesting	domain	to	perform	a	high-resolution	simulation	
– Use	WRF-urban-Chem for	urban	areas

• Re-try	UW’s	WRF	domain	and	configuration

• Implement	Data	Assimilation	to	improve	forecasting	accuracy
– Using	surface	air	quality	s	and	AOD	data



QUESTIONS?



MEGAN	biogenic	emission	modeling



Why	online?	

● Offline	modeling	introduces	errors	for	air	quality	applications
● Error	for	offline	modeling	is	increasing	with	increasing	horizontal	
resolution
● Power	spectrum	analysis	can	show	the	amount	of	information	that	is
lost	in	offline	runs

● 2-way	feedback	in-between	chemistry	and	meteorology
● Process	studies	relevant	for	global	climate	change
● Ultimately	it	should	lead	to	improved	data	assimilation	(meteorology)	
and	improved	weather	forecasts



Vertical	Layer Grid	height	[km]
1 0.0203
2 0.061
3 0.1056
4 0.1582
5 0.2156
6 0.2787
7 0.3528
8 0.4397
9 0.5426

10 0.6639
11 0.8064
12 0.9743
13 1.1721
14 1.4055
15 1.6802
16 2.0025
17 2.3795
18 2.8176
19 3.3246
20 3.9137
21 4.6025
22 5.4111
23 6.3502
24 7.3749
25 8.4156
26 9.4494
27 10.4721
28 11.4821
29 12.4822
30 13.4821
31 14.4894



AIRPACT-5	Fractional	Bias
PM2.5 August	2015



WRF-Chem

● Chemistry	is	online,	completely	embedded	within	WRF	

● Consistent:	all	transport	done	by	meteorological	model
● Same	vertical	and	horizontal	coordinates	(no	horizontal	and	vertical	interpolation)

● Ideally	suited	to	study	feedbacks	between	chemistry	and	meteorology

● Ideally	suited	for	air	quality	forecasting	on	regional	to	cloud	resolving	
scales



Wildfire	Plume	Heights	from	Literature


