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Calcula>ons	using	6SV	
PloEng	of	6SV	results	
Discussion	
	
Assimila>on	systems	





Aerosol	Op>cal	Depth	(AOD	or	τ):	

σeλ	=	σaλ	+	σsλ	

σeλ	is	the	ex>nc>on	parameter	
σaλ	is	the	absorp>on	parameter	
σsλ	is	the	scaNering	parameter		
		
		

σeλdz	τλ = 

These	parameters	are	intensive	and	depend	on	par>cle	size,	shape	and	
composi>on,	but	when	you	integrate	them	through	the	atmospheric	column	
they	combine	to	give	us	a	extensive	measure	of	their	total	op>cal	effect.			
	
AOD	depends	on	the	aerosol	loading,	the	amount	of	par>cles	in	the	column,	
not	just	on	their	op>cal	proper>es.	
	
AOD	and	Aerosol	Op>cal	Thickness	can	be	used	interchangeably	for	our	
purposes.	



µo	=	cos(solar	zenith	angle)	
µ	=	cos(sensor	zenith	angle	
ϕ  =	rela>ve	azimuth	
τ*	=	aerosol	op>cal	thickness	

Radiance		
from	

	atmosphere	

Radiance		
measured		
at	satellite	

Radiance		
from		
surface	

R	=	surface	reflectance	
Eo	=	extraterrestrial	
						irradiance	
Tt	=	total	transmission	
S	=	spherical	albedo	

L(τ *, µo, µ,ϕ ) = Lo(τ
*, µo, µ,ϕ )+

REoTt (τ
*, µ)

1− RS



Calculated	L	for	a	variety	of	AOD,	
Assumed	par>cle	proper>es	and	surface	reflectance	
And	for	wavelength	=	0.47	µm	



Calculated	L	for	a	variety	of	AOD,	
Assumed	par>cle	proper>es	and	surface	reflectance	
And	for	wavelength	=	0.47	µm	
	

Measured	L	=	0.21	

Retrieved	AOD	=	0.6	





But	we	don’t	do	3	individual	wavelength	retrievals.			
Instead	we	approach	the	problem	in	wavelength	space.	



But	we	don’t	do	3	individual	wavelength	retrievals.			
Instead	we	approach	the	problem	in	wavelength	space.	



How	do	we	build	a	Look	Up	Table?	
	
	
	

6SV:		On	line	access	to	radia>ve	transfer	calcula>ons.	
	
hNp://6s.ltdri.org/index.html	
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σeλ	=	σaλ	+	σsλ	

σeλ	is	the	ex>nc>on	parameter	
σaλ	is	the	absorp>on	parameter	
σsλ	is	the	scaNering	parameter		
		

σeλdz	τλ = 

Wavelength	(µm)	
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		σeλdz	τλ = 

Wavelength	(µm)	

σeλ is	the	por>on	of	the	AOD	that	is	intensive.	
	It	depends	on	size,	shape,	composi>on,	but	NOT	
				on	amount.	
If	you	normalize	σeλ	at	a	par>cular	wavelength	you	
can	see	the	spectral	signature	of	different	aerosol	
types.	
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		σeλdz	τλ = 

Wavelength	(µm)	

Once	you	define	the	aerosol	type	(size,	shape,	
composi>on),	then	you	can	model	its	spectral	
signature.		The	signature	will	not	change	no	maNer	
what	the	amount	is.	
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		σeλdz	τλ = 

Wavelength	(µm)	

Here	we	have	6	modeled	aerosol	types.	
Normalized	at	550	nm	to	show	the	different	
spectral	signature	of	each	type.	We	will	define	the	
aerosol	amount	by	AOD	at	550	nm,	and	then	all	the	
other	wavelength	AODs	will	be	calculated	from	thes	
spectral	curves	of	ex>nc>on.	



Si
ng
le
	sc

aN
er
in
g	
al
be

do
	(S
SA

)	

Wavelength	(µm)	

Absorp>on	spectral	signature	
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Angular	signature	
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D.L.	=	Dust	like	
W.S.	=	water	soluble	(sulfate)	
O.C.	=	ocean		
S.C.	=	Soot	
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Running	the	6SV	radia>ve	transfer	code.	
	
Geometrical	condi>ons:		0	(User	defined)	
30	90	60	135	7	15	(geometrical	condi>ons)	
Atmospherical		model:	Midla>tude	Summer	(wet)	
						Con>nental	Model	
						AOD	at	550	nm	=	0.5		
Target	and	Sensor	al>tude:	sea	level	and	satellite	al>tude	
Spectral	condi>ons:		monochroma>c	and	ignore	the	second	ques>on		
																wavelength	=	0.47	µm	
Ground	reflectance:	homogeneous	surface,		
																no	direc>onl	effects	
																constant	value	for	ro	
																0.05	
Signal:		no	atm.	Correc>on	
Results	
	
	
	











geometry	 30,90,60,135	
scat	ang	 137.66	
AOD	at	550	 0.5	

model	
cont:	0.7,	
0.29,0,0.01	

sfc	refl	 0.05	

profile	
midlat	sum	

(wet)	
wavelength	 		

0.47	 	0.1997154	
0.66	 	0.1024357	
0.86	 	0.0792089	
1.24	 	0.0612825	
2.13	 	0.0448145	

1.  Start	by	duplica>ng	the	baseline	results	for	
0.47	µm	

2.  Then	change	Spectral	Condi>ons	to	duplicate	
the	other	4	wavelengths.	

3.  Experiment	with	changing	AOD	at	550.		
Include	AOD	at	550	=	0	to	see	the	Rayleigh	
signature.	

4.  Experiment	with	changing	the	model.	
5.  Experiment	with	changing	the	surface	

reflectance.	
6.  Experiment	with	changing	the	geometry.	
7.  Experiment	with	changing	from	wet	to	dry	

condi>ons	(midla>tude	winter).	

•  Do	each	experiment	one	at	>me.			
•  Record	the	apparent	reflectance	

at	the	par>cular	wavelength.		
•  Record	the	input	condi>ons	for	

each	set	of	calculated	apparent	
reflectances.		

The	exercise	



Assimila>on:		Observa>onally-assisted	modeling	
	
hNps://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/	
	
hNps://gmao.gsfc.nasa.gov/research/aerosol/	
	
hNps://gmao.gsfc.nasa.gov/GMAO_products/reanalysis_products.php	
	
•Buchard,	V.,	C.A.	Randles,	A.M.	da	Silva,	A.	Darmenov,	P.R.	Colarco,	R.	
Govindaraju,	R.	Ferrare,	J.	Hair,	A.J.	Beyersdorf,	L.D.	Ziemba,	and	H.	Yu,	“The	
MERRA-2	Aerosol	Reanalysis,	1980-onward,	Part	II:	Evalua>on	and	Case	
Studies,”	J.	Clim.,	10.1175/jcli-d-16-0613.1	(2017).		
	
•Randles,	C.A.,	A.M.	da	Silva,	V.	Buchard,	P.R.	Colarco,	A.	Darmenov,	R.	
Govindaraju,	A.	Smirnov,	B.	Holben,	R.	Ferrare,	J.	Hair,	Y.	Shinozuka,	and	C.J.	
Flynn,	“The	MERRA-2	Aerosol	Reanalysis,	1980-onward,	Part	I:	System	
Descrip>on	and	Data	Assimila>on	Evalua>on,”	J.	Clim.,	10.1175/jcli-
d-16-0609.1	(2017).	



Peter	Colarco		(my	personal	contact	for	most	GEOS	or	MERRA	ques>ons)	
	
peter.r.colarco@nasa.gov	
	
Hongbin	Yu	(a	MERRA	user	for	aerosol	transport	with	an	excellent	
understanding	of	the	pluses	and	minuses	of	the	data.)	
	
hongbin.yu-1@nasa.gov	
	
Mian	Chin	(my	best	friend	who	is	a	modeler	and	can	talk	about	the	
different	components	that	make	up	AOD	in	the	assimila>on	system	–	like	
black	carbon).	
	
mian.chin-1@nasa.gov	
	
	



	
A	normal	atmospheric	or	chemical	transport	model		
•  In>alized	
•  then	it	goes	off	on	its	own	to	create	its	own	reality.			
•  That	reality	can	be	very	realis>c	because	it	is	based	on	our	best	

understanding	of	the	physics	and	chemistry	of	the	Earth	system.			
•  But	it	also	can	create	an	alterna>ve	reality.	
•  Very	useful	for	making	numerical	experiments.	
	



In	an	assimila>on	system:	
•  Ini>alized	
•  Starts	to	move	air	and	chemical	species	around	according	to	our	best	

understanding	of	the	physics	and	chemistry	of	the	Earth	system	
•  Before	it	goes	too	far	it	acquires	actual	observa>ons	–	(e.g.	Satellite-

derived	AOD).	
•  Then	it	adjusts	itself	in	order	to	agree	with	the	observa>ons	
•  Before	moving	ahead	like	a	model	
•  Then	it	adjusts	itself	again	to	agree	with	the	observa>ons.	
•  Much	beNer	representa>on	of	observable	fields	(like	AOD)	than	a	

normal	model.	
•  Can	be	used	to	infer	parameters	that	are	not	observable	(like	black	

carbon	or	aerosol	in	cloudy	environments	or	maybe	dust	deposi>on	
into	the	ocean).	

•  Some	faith	in	these	inferred	parameters	because	(a)	the	model	is	
physical	and	(b)	it	is	constrained	by	observa>ons.	

•  But	these	inferred	parameters	are	NOT	observed	and	cannot	be	used	
for	valida>on.		They	provide	something	a	liNle	bit	more	realis>c	for	
comparison	to	model	results.	

	





Okmok	and	Kashatoschi	erup>ons	July-August	2008	

Kasatoschi	

Okmok	



		

MODIS	Brightness	
differences	(11	µm	–	
12	µm)	are		sensi>ve	
to	airborne	volcanic	
ash.			
(lex)	4-day	
composite.	8-12	Aug	
2008.	Both	Okmok	
and	Kasatochi	are	
ac>ve	in	this	period.	
Rela6ve	MODIS-
derived	ocean	
chlorophyll	anomaly	
of	monthly	mean	
August	2008	vs.	
climatology.	Spa>ally,	
the	paths	of	the	ash	
from	both	volcanoes	
are	evident	in	
elevated	chlorophyll.	



Chlorophyll	

Okmok	

Kasatoschi	

We	would	like	to	link	the	ocean	signal	more	substan>ally	to	
par>cles	falling	into	the	water,	not	just	what	appears	in	the	
atmospheric	retrievals.	



Okmok	and	Kashatoschi	erup>ons	July-August	2008	

Kasatoschi	

Okmok	



Aerosol	deposi>on	with	NO	sea	salt	



Total	aerosol	deposi>on	flux	(includes	all	aerosol	types)	



Model	is	humming	along	represen>ng	aerosol	system,	



When	suddenly	out	of	now	where	volcanic	ash	appears	



“What	large	AOD	you	
have!”	cries	the	model	



The	model	does	the	only	thing	that	it	can	do,	and	that	is	add	aerosol	mass.	
	
Where	does	it	gets	the	mass?		It’s	a	model.		It	just	creates	mass	out	of	nothing.	



But	where	does	it	put	its	mass?			
	
Which	component	aerosol	does	it	increase?	
	
At	what	level	in	the	atmosphere?	



The	model	decides,	“	I	will	just	increase	whatever	aerosol	I	
already	have	there!”	



No	sea	salt	

With	sea	salt	

The	only	aerosol	that	the	
model	had	in	the	Gulf	of	
Alaska	was	sea	salt.	
	
So	it	made	more	sea	salt.	
	
Which	was	close	to	the	
ocean.	
	
Which	deposited	into	the	
ocean.	

Can	we	use	this	to	say	
that	volcanic	ash,	in	
these	quan>>es,	
deposited	into	the	
ocean?	


