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1. Introduction 
Atmospheric	aerosol	par/cles	influence	the	Earth’s	radia/ve	balance	
directly	by	absorbing	and	sca:ering	the	incoming	solar	radia/on	and	
indirectly	by	serving	as	cloud	condensa/on	nuclei	(CCN).	Aerosol	op/cal	and	
CCN	proper/es	strongly	depend	on	par/cle	size	and	mixing	state	(chemical	
composi/on),	which	evolve	due	to	condensa/on	and	coagula/on	processes.	
	

	
	
	

	
Here	we	describe	and	evaluate	a	novel	sec/onal	framework	in	the	box-
model	version	of	the	Model	for	Simula.ng	Aerosol	Interac.ons	and	
Chemistry,	referred	to	as	MOSAIC-mix,	that	efficiently	represents	both	size	
and	mixing	state	of	aerosols.	

3. Application to CARES Field Campaign  
§  The	model	was	applied	to	simulate	BC	aging	

observed	during	the	2010	CARES	field		
campaign	(Zaveri	et	al.,	2012).	

§  Five	forward	trajectories	origina/ng	from	T0		
site	on	June	15	were	selected	based	on		
FLEXPART-WRF	simula/ons	(Fast	et	al.,	2012).	

§  PartMC-MOSAIC	and	MOSAIC-mix	were		
ini/alized	using	single-par/cle	observa/ons	
of	SP2	and	SPLAT	along	with	trace	gas	data	
at	the	T0	site.	

§  Predicted	BC	mixing	state	results	were		
evaluated	using	G-1	aircra^	observa/ons.	

4. Conclusions 
§  Internal	mixture	assump/on	in	aerosol	models	leads	to	large	errors	in	the	

predicted	op/cal	proper/es	and	CCN	concentra/ons.	

§  The	novel	mixing	state	representa/on	in	MOSAIC-mix	efficiently	reduces	these	
errors	to	sufficiently	low	values.	

§  MOSAIC-mix	is	being	implemented	in	WRF-Chem	to	assess	the	impacts	of	
aerosol	mixing	state	on	direct	and	indirect	radia/ve	forcing.	

2. MOSAIC-mix Framework 
§  Light	absorp/on	by	black	carbon	(BC)	par/cles	depends	on	their	size	and	

how	thickly	they	are	coated	with	non-refractory	species	such	as	
ammonium,	sulfate,	nitrate,	organics,	and	water.		

§  The	CCN	ac/va/on	behavior	of	a	par/cle	depends	on	its	dry	size	and	the	
hygroscopici/es	of	all	the	individual	species	mixed	together.	

§  MOSAIC-mix	represents	the	mixing	state	by	resolving	aerosol	dry	size	
(Ddry),	BC	dry	mass	frac/on	(wBC),	and	overall	par/cle	hygroscopicity	(k).	
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§  A	high-resolu/on	MOSAIC-mix	configura/on	with	24Ddry	x	35	wBC	x	30	κ	
was	used	as	a	benchmark	to	determine	a	low-resolu/on	configura/on.	
High-resolu/on	MOSAIC-mix	agreed	with	par/cle-resolved	PartMC-
MOSAIC	within	1.3%	w.r.t.	CCN	concentra/ons	and	absorp/on	
coefficient.	

§  About	20,000	low-resolu/on	MOSAIC-mix	configura/ons	in	1D,	2D,	or	3D		
(24Ddry	x	1-3	wBC	x	1-3	κ	)	with	different	choices	of	bin	boundaries	were	
evaluated	against	the	high-resolu/on	configura/on.	
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Some	examples:	

§  Using	10	idealized	urban	plume	scenarios	in	which	different	types	of	
aerosols	evolve	over	24	h	under	a	range	of	atmospherically	relevant	
condi/ons,	errors	in	CCN	concentra/ons	and	op/cal	proper/es	were	
examined	with	respect	to	the	level	of	detail	of	the	aerosol	mixing	state	
representa/on.	

§  Errors	in	CCN	concentra/ons	and	op/cal	proper/es	for	mixing	state-
resolved	simula/ons	are	smaller	than	those	for	internal-mixture-
assumed	simula/ons.	
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§  Small	error	reduc/ons	per	added	bin	a^er	2	or	3	bins.	However,	resolving	
both	wBC		and	κ	(with	2	wBC	x	2	κ)	led	to	smaller	total	error	(CCN	+	op.cal)	
than	resolving	either	wBC	or	κ.	
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Ini.al	Size	Distribu.ons	at	T0	Site	(10:00	PDT,	June	15,	2010)	
SMPS,	APS,	SPLAT,	and	SP2	Data	

17	par/cle	types	of		
different	composi/ons	
were	used	to	ini/alize	
PartMC-MOSAIC.	
	
MOSAIC-mix	with	
24	Ddry	x	2	wBC	x	2	k	
was	used	to	resolve		
these	17	par/cle	types.	

Model	Evalua.on	Using	G-1	Data	(16:00	PDT,	June	15,	2010)	
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For	more	informa/on,	contact:		
Pingpui.Ching@pnnl.gov		&		Rahul.Zaveri@pnnl.gov		

10	Idealized	scenarios	
(Ching	et	al.,	2016)	

	5	CARES	trajectories	
Error	in	predicted	absorp/on	coefficient	by	
MOSAIC-mix	is	calculated	using	PartMC-MOSAIC	
results	as	benchmark.	

Internal	mixture	assump/on	overes/mates	
absorp/on	by	BC	by	15-35%.	In	contrast,	the	low-
resolu/on	MOSAIC-mix	configura/on	
(24	Ddry	x	2	wBC	x	2	k)	was	able	to	reduce	the	
average	error	to	4-5%.	
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