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Southern	Africa	produces	~1/3	of	all	biomass	burning	aerosol		



•  Thousands	of	small	fires	
•  Smoke	advects	over	SE	

Atlan3c	at	2	to	6	km	
•  Obscures	stratocumulus	

cloud	deck	
•  Challenging	region	for	

satellites	and	models	
•  Aerosol	direct	effect	is	

uncertain	
•  Ideal	area	for	studying	

indirect	effects	of	
aerosol	on	cloud	

2018/09/08	MODIS	data	
hLps://worldview.earthdata.nasa.gov/	





Primarily	radia3on	and	cloud	instrumenta3on.	Limited	chemistry	payload:	
HR-ToF-AMS	
SP2	
CO,	CO2,	O3,	water	isotopes	
	
(No	PTR-MS,	no	VOC,	no	NOx)	

The	NASA	P-3B	Research	Aircrad	
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Discussion:	Aerosol	Reac3ons	:	Conserved	BB	tracers		
•  CO,	CO2,	and	BC	are	

all	conserved	tracers	
•  Use	CO	and	CO2	to	

calculate	Modified	
Combus4on	
Efficiency	(MCE)		

•  MCE	=	∆CO2/	(∆CO	+	
∆CO2)		

•  MCE	for	ORACLES	
2016	=	0.98-0.995	

•  Very	narrow	range;	
efficient	combus4on	
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What	happens	as	BB	aerosol	ages?	

•  Lab	and	field	studies	oden	cover	the	
first	minutes	to	a	day	or	so	

•  Much	harder	to	look	at	the	decay	
ader	a	few	days—iden3fying	sources	
and	age,	mixing	with	other	plumes.	

•  Lagrangians	are	an	obvious	way,	but	
really	tough	to	pull	off,	par3cularly	
over	several	days.	

•  ORACLES	is	a	unique	situa3on,	with	
massive,	fairly	uniform	sources,	no	
other	large	sources,	and	a	range	of	
ages.	



BC:CO	fairly	constant	 OA:BC	less	so	



From	Cubison	et	al.,	2011,	ACP	11(23):12049–12064	

ORACLES

•  ORACLES	near	
endpoint	of	BB	
oxida3on.	

•  f60	no	good	as	aging	
tracer	

•  Some	varia3on	in	f44	



Results–	Plume	Structure		

11	



Acid/Base	chemistry	indicates	NO3	is	important,	organic	acids	are	not	

•  Neglec3ng	NO3	yields	basic	
aerosol	which	doesn’t	
happen	

•  If	organic	acids	were	
important,	there	would	be	
red	points	above	the	1:1	line	

•  Apparently	an	excess	of	
NO3,	available	to	neutralize	
NH4,	but	driven	off	by	SO4	

•  Perhaps	the	higher	SO4:OA	
plumes	are	older,	as	SO2	
reacts	to	form	H2SO4	



Pablo	Saide	implemented	an	experimental	age	tracer	in	WRF-Chem.		



Pablo	Saide	implemented	an	experimental	age	tracer	in	WRF-Chem.		

It	appears	there	
is	a	correla3on	
between	model	
age	and	f44.	
Gives	some	
confidence	in	
model	ages.	



Thus	we	can	look	at	OA	loss	as	a	func3on	of	model	3me	

OC/BC	

Exponen3al	fit	with	3me	constant	of	0.18,	about	6	days.	
Other	flights	range	from	3	to	8	days.		
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hLps://www.esrl.noaa.gov/gmd/aero/instrumenta3on/cvi.html	

Counterflow	Virtual	Impactor	(CVI)	
A	mechanism	to	sample	cloud	droplet	residual	par3cles	

Small	par3cles	caught	by	counterflow,	rejected.	
Large	par3cles	penetrate	the	stagna3on	zone,	are	sampled.	
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Par3cle	popula3on	in	the	MBL	
Range	of	supersatura3ons	

Par3cle	size	and	hygroscopicity	
Par3cles	entrained	from	above	

Precipita3on	scavenging	
(Instrument	ar3facts)	
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*	Total	aerosol	mass	would	include	sea	salt,	dust,	and	refractory	organics,	ignored	here.		

MBL	 Above	 In	cloud	
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*	Total	aerosol	mass	would	include	sea	salt,	dust,	and	refractory	organics,	ignored	here.		
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CONCLUSIONS	
	
Aged	BBOA	has	a	decay	3mescale	of	~6	days	(half	life	3.5	days)	
	
Precipita3on	scavenging	has	a	strong	effect	on	composi3on,	removing	
large	par3cles	and	soluble	material.	

Thanks to NASA EVS-3 and the NASA Wallops P3-B crew! 


