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Our	first	paper	was	published	this	year	



Kasatochi	erup9on.	Terra	MODIS	8	August	2008	

Okmok:		intermiNently	between		22	Jul	to	18	Aug	2008	

Kasatochi:	7-8	Aug	2008	

2	ac9ve	Aleu9an	volcanoes	produced	ash	in	2008	and	deposited	
mineral-rich	ash	into	an	iron-limited	ocean		
	



Atmosphere:		ΔBT(11	-12	µm)	

Atmosphere:	Deposi9on	flux	

Westberry	et	al.,	2019	

chlorophyll	fluorescence	

Phytoplankton	physiological	response	



Bulk	ocean	color	proper9es	during	2008	from	satellite	remote	sensing.	

Westberry	et	al.	(2019)	



Phytoplankton	physiological	response	

Westberry	et	al.,	2019	



Satellite	chlorophyll	fluorescence	

Westberry	et	al.,	2019	
	



Now	what?	



The	
atmospheric	
scien9sts:	
	
Let’s	look	at	
the	Atlan9c!	



Seasonal	dust	deposi9on	rate	(mg	·	m-2	·	day-1)	
MODIS	 CALIOP	

Yu	et	al.	2019	



The	
atmospheric	
scien9sts:	
	
Let’s	look	at	
the	Atlan9c!	

The	ocean	biologists:	
	
The	Atlan9c	is	exactly	
the	WRONG	place	to	
look	for	a	response	



The	ocean	biologists:	
	
Let’s	look	at	the	North	
Pacific!	



The	ocean	biologists:	
	
Let’s	look	at	the	North	
Pacific!	

The	
atmospheric	
scien9sts:	
	
That’s	the	
worst	place	
for	satellite	
retrieval	of	
aerosol.	



The	North	Pacific	



R0	 R1	 R2	

R3	 R4	 R5	

Areas	of	interest	in	the	North	Pacific	

Climatological	annual	dust	deposi9on	rate		
from	MODIS	(mg	·	m-2	·	day-1)	

	



Iden9fy	Dust	Events	 2015	
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Iden9fy	Dust	Events	 2008	
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The	atmospheric	
scien9sts:	
	
Despite	the	clouds,	
(take	THAT	Steve	
Platnick!)	we	have	
confidence	that	we	
have	found	the	dust	
events	in	the	North	
Pacific.	



The	ocean	biologists:	
	
That’s	nice,	friends,	
but	we	want	a	more	
quan%ta%ve	
measure	of	the	dust.	



The	ocean	biologists:	
	
….On	a	9me	scale	of	
a	few	days…	



The	ocean	biologists:	
	
….	And	no	cloud	
effects	…	



The	ocean	biologists:	
	
Something	we	can	
put	on	an	x-axis	
when	we	put	the	
ocean	biology	
quan99es	on	the	y-
axis	



Seasonal	Varia/ons	
Satellite	observa/ons	

Dust	Op/cal	Depth	 Dust	Deposi/on	Flux	
CALIOP	 MODIS	 CALIOP	 MODIS	



GEOS-5	Dust	Deposi/on	into	subarc/c	North	Pacific	Ocean	
(2003-2016)	

Dust	deposi9on	rate		
(g	m-2	y-1)	

DJF	

MAM	

JJA	

SON	

MODEL	Results	
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Correlations for Dust Deposition (DD) and Dust Optical Depth (DOD) 
 - Sensitivity to MODIS data screening 

Monthly	coverage	>30%	for	5°	x	2°	grid	(figures	shown	earlier	are	based	on	this	criterion)		

Daily 1° x 1 ° à Monthly 5° x 2° àMonthly 20° x 10° 

Region

Variable DD DOD DD DOD DD DOD DD DOD DD DOD DD DOD

CALIOP_MODIS 0.677 0.419 0.563 0.434 0.713 0.540 0.673 -0.034 0.667 0.011 0.459 0.096

CALIOP_GEOS 0.514 0.539 0.279 0.422 0.289 0.480 0.604 0.256 0.403 0.331 0.390 0.337

MODIS_GEOS 0.611 0.901 0.396 0.907 0.443 0.909 0.560 0.755 0.558 0.777 0.433 0.814

R5R0 R1 R2 R3 R4

MONTHLY	Correla9ons	



5 day running mean correlation between Dust Deposition 
and Dust optical depth MODIS and GEOS 

Correla/on	Coeff.	 R0	 R1	 R2	 R3	 R4	 R5	
AOD	(Aqua	vs	

GEOS)	 0.74	 0.7	 0.7	 0.37	 0.25	 0.38	

DOD	(Aqua	vs	
GEOS)	 0.74	 0.74	 0.76	 0.37	 0.4	 0.51	

GEOS	(DOD	vs	
Dep)	 0.61	 0.61	 0.6	 0.59	 0.64	 0.68	

Aqua	DOD	vs	
GEOS	Dep	 0.39	 0.45	 0.52	 0.11	 0.17	 0.3	

Daily 1° x 1 ° à 5 Day running mean 20° x 10° 

Daily	number	>	25%	for	10°	x	20°	grid	plus	spa/al	thresholds.			All	DOD	>	1.	removed.	

5-DAY	correla9ons	



5 day running mean correlation between Dust Deposition 
and Dust optical depth MODIS and GEOS 

Correla/on	Coeff.	 R0	 R1	 R2	 R3	 R4	 R5	
AOD	(Aqua	vs	

GEOS)	 0.74	 0.7	 0.7	 0.37	 0.25	 0.38	

DOD	(Aqua	vs	
GEOS)	 0.74	 0.74	 0.76	 0.37	 0.4	 0.51	

GEOS	(DOD	vs	
Dep)	 0.61	 0.61	 0.6	 0.59	 0.64	 0.68	

Aqua	DOD	vs	
GEOS	Dep	 0.39	 0.45	 0.52	 0.11	 0.17	 0.3	

Daily 1° x 1 ° à 5 Day running mean 20° x 10° 

Daily	number	>	25%	for	10°	x	20°	grid	plus	spa/al	thresholds.			All	DOD	>	1.	removed.	

5-DAY	correla9ons	



Summary	Thoughts	
	
Pilot	study	published	(Gulf	of	Alaska,	summer	of	2008).	
•  Definite	ocean	response	to	mineral-rich	volcanic	ash	
•  Observed	both	airborne	and	ocean	components	from	satellite	
•  More	chlorophyll	(bulk	response)	
•  Also	physiological	response	and	changes	to	fluoresence	yield	
•  Effect	lasted	months	over	a	wide	area	
	

Expanding	to	North	Pacific	and	11	years	of	observa9ons	
•  Clouds	
•  Difficult	to	quan%fy	airborne	component	from	satellite	
•  Satellite		AOD	and	dust	AOD	poor	measure	of	deposi9on	
•  High	confidence	in	iden%fying	“dust	events”	
•  Confidence	in	quan%fying	monthly	and	seasonal	deposi9on	
•  For	daily-weekly	9me	scales	will	need	constrained	model	



Let’s	give	three	cheers	for	interdisciplinary	science!	

Characteriza9on	

Land	

Atmosphere	

Ocean	



Time	series	of	4-day	
mean	ΔBT	(11	-12	µm)	
And	dust	deposi9on	flux	

Westberry	et	al.	(2019)	


