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PACE	Science	&	Applications

Supply Demand

Supply	of	knowledge	&	information Need	to	use	this	information/knowledge

2007	report	Earth	Science	and	Applications	from	Space:	National	Imperatives	for	
the	Next	Decade (commonly	referred	to	as	the	Decadal	Survey)	specifically	calls	
for:	‘societal	needs	help	to	guide	scientific	priorities	more	effectively	and	that	
emerging	scientific	knowledge	is	actively	applied	to	obtain	societal	benefits’

Why	?

PACE	Science	Team	Meeting
January	20-22	2016,	CA
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Objective	#1:	
Link,	early	in	the	mission	development	process,	the	PACE	products	to	specific	applications	questions,	
so	to	that	PACE	products	become	relevant/useful	to	an	as	wide	user	community	as	possible.

Objective	#2:
Assess	and	achieve	consensus	 recommendations	within	the	Science	Team	on	the	spectrum	of	
applications	we	can	address	with	PACE	measurements	and	retrieval	approaches.

Objective	#3:
Identify	measurement	requirements	and	accuracy	needs	for	specific	application	concepts.		

NOAA	Fisheries US	Navy

EPA	Air	QualityFed.	Aviation

NRL

BOEMUS	Army	Corps	
of	Engineers	

GoM Fishery	
Mgmt Council NOAA	Weather

NOAA	Coasts

NOAA	Habitats

EPA	Water	
Quality
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PACE	advanced	capabilities	:
w hyper-spectral data
w extended	spectral	range	(UV-SWIR)
w 2-day global	coverage
w higher	signal-to-noise
wMultiple	observations	at	high	lat
w key	observations	of	aerosols/clouds
w enhanced	atmospheric	correction

ENHANCED	SCIENCE	&	APPLICATIONS
ocean, atmosphere,	land

(4
) (	8

)

(9
)	

(7
)

PACE:	A	Climate	Initiative	Mission	with	Enhanced	Capabilities
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Factors	that	might	increase	or	decrease	the	applications	value	of	a	mission
(from	PACE	Mission	Applications	Reviews:	July	2015	and	December	2015)

v Inclusion	of	a	polarimeter

v Increased	spatial	resolution	(better	than	500	m	at	nadir)	

v Low	latency

v High	spectral	resolution	400-440	nm	for	NO2 retrievals	

PACE:	A	Climate	Initiative	Mission	with	Enhanced	Capabilities



Tzortziou	et	al	2014	JGR Oceans
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High	spectral	resolution	for	coastal	applications:	accurate	atmospheric	correction

§ Total	column	NO2:	high	and	highly	
variable	in	coastal	regions	close	to	
coastal	megacities,	affecting	coastal	
ocean	color

§ Ancillary	observations	from	AQ
sensors	may	not	be	suitable	for	
correction	(coarse	
resolution/overpass	timing).

§ High	spectral	resolution	in	the	PACE	
OCI would	allow	for	retrievals	of	NO2
for	accurate	atmospheric	correction	



Tzortziou	et	al	2014	JGR Oceans
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High	spectral	resolution	for	coastal	applications:	accurate	atmospheric	correction

%
er

ro
r i

n 
R

rs
%

ch
an

ge
 T

O
A 

R
ef

l.

Wavelength [nm]

Sensitivity	 to	1DU	NO2
§ Total	column	NO2:	high	and	highly	

variable	in	coastal	regions	close	to	
coastal	megacities,	affecting	coastal	
ocean	color

§ Ancillary	observations	from	AQ
sensors	may	not	be	suitable	for	
correction	(coarse	
resolution/overpass	timing).

§ High	spectral	resolution	in	the	PACE	
OCI would	allow	for	retrievals	of	NO2
for	accurate	atmospheric	correction	

à Risk-reduction	activities	for	PACE	Instruments:		
KORUS-OC	campaign	(May-June	2016):	An	18-22	
day	oceanographic	campaign	coordinated	with	
KORUS-AQ.	

Tzortziou’s team:	measurements	for	improved	
atmospheric	correction	of	Coastal	OC	retrievals.	
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High	quality,	high	spatial	resolution	information

Q1: What	is	the	value	of	500	m	vs	1	km?	
Q2:	What	is	the	value	of	50-100	m?
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Fisheries

Freshwater	apps	
Water	quality

Track	plumes

Sediment	products	
(particle	size,	type)

Impacts of anthropogenic disturbances on coastal ecosystems. 
Qingdao, China, as seen by Sentinel-2A (10 m res) on August 21, 2015 (image credit: Copernicus Sentinel data (2015)/ESA

PACE		SQs
#2,#3,#7



Aurin et	al.,	2013	had	
measurements	in	
(a)	Amazon	River,	
(b)	Chesapeake		Bay,	
(c)	Mississippi	River,	
(d)	Yangtze	River

Spatial	resolution		better	
than	500m	is	required	 to	
resolve	spatial	heterogeneity	
in	ocean	color	and	
suspended	materials	in	river	
plumes.	

1-km	resolution	is	adequate	
in	the	open	ocean.	

PACE	Science	&	Applications PACE	Science	Team	Meeting
January	20-22	2016,	CA

Aurin et	al.,	2013	



v Strongest gradients (> factor of 5) in Chla, DIC, DOC CDOM, and pCO2 within the first 200m from marsh.
v Strong gradients (factor of 2) in carbon within the first 500m from marsh.
v Spatial resolution better than 500 m is needed to resolve exchanges of dissolved organic C and N at the land-

estuarine interface associated with tidal exchanges of organicmatter
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Tzortziou	et	al.,	2011

PACE	Science	&	Applications PACE	Science	Team	Meeting
January	20-22	2016,	CA



Long	Island	Sound	 TARA:	Savannah	- NY

• Inflection	points	in	the	relationship	between	the	average	sub-pixel	variation	and	GSD	indicate	
thresholds	where	decreasing	GSD	would	yield	a	significant	increase	in	spatial	information.

• Flat	portions	of	the	curves	to	the	right	of	inflection	points	suggest	that	GSD	(Ground	Sample	Distance)	
related	changes	in	spatial	information	will	be	small.

Ackleson,	Moses,	&Miller

PACE	Science	&	Applications PACE	Science	Team	Meeting
January	20-22	2016,	CA

For	near-coast	waters,	inflection	points	occur	at	GSD	of	between	100	m	and	200	m	while	for	off-shore	
waters	inflection	points	tend	to	occur	at	larger	scales,	GSD	≈	500	m.
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Algal bloom in the middle of the Baltic Sea on 7 August 2015 (image credit: Copernicus Sentinel data (2015)/ESA)
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Algal bloom in the middle of the Baltic Sea on 7 August 2015 (image credit: Copernicus Sentinel data (2015)/ESA)

Harmful	algal	
blooms

Trichodesmium
blooms

Track	blooms

PACE		SQ #6
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Combination	of:

à high	spectral	and	
à high	spatial	resolution	(e.g.,	HICO

100m)

is	particularly	powerful	for	capturing	
harmful	or	non-harmful	algal	bloom	
dynamics.			

Dense	and	patchy	near-surface	blooms	of	
Mesodinium rubrum in	the	western	Long	
Island	Sound	 (Dierssen et	al	2015)

“Compared	with	the	1-km	MODIS	image,	
the	higher	spatial	resolution	(110	m)	of	
the	HICO image	revealed	intense	small	
patches	of	yellow	fluorescing	
Mesodinium in	WLIS”
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Algal bloom in Lake Erie, from MERIS (ESA/ESRIN) (October 2011)
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by	Mark	Mattthews (CyanoLakes)	
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MODIS	- Aqua,	Gulf	of	Mexico,	April	25	2010,	Deep	Horizon	oil	spill	

Oil	Spills

PACE		SQ #7
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MODIS	- Aqua,	Gulf	of	Mexico,	April	25	2010,	Deep	Horizon	oil	spill	

Advanced	Land	Imager	on	NASA’s	 Earth	
Observing-1	(EO-1)	satellite	(April	25	2010)	

Oil	Spills

PACE		SQ #7
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MODIS	- Aqua,	Gulf	of	Mexico,	April	25	2010,	Deep	Horizon	oil	spill	

Advanced	Land	Imager	on	NASA’s	 Earth	
Observing-1	(EO-1)	satellite	(April	25	2010)	

Oil	Spills

PACE		SQ #7
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EPA	– Application	of	satellite	Imagery	to	monitor	Oils	Spills:	
v For	operational	purposes,	1	km	resolution	would	only	be	useful	for	large	events	such	as	the	

Deepwater	Horizon	or	Valdez.

v For	the	small	(more	frequent	spills),	improved	spatial	resolution	would	be	needed	to	 increase	the	
number	of	spills	that	could	be	detected.	Sensors	operating	in	wide	swath	mode	with	a	spatial	
resolution	of	50–150	m	were	found	to	be	sufficient	and	allow	covering	large	ocean	areas	efficiently	
(“Oil	spill	detection	by	satellite	remote	sensing”	by	Brekke and	Solberg,	2005).



Studying ocean biodiversity, habitats, and how they are affected by human impacts and climate change 
Deep blue Red Sea reefs captured with Sentinel-2A on June 28, 2015 (image credit: Copernicus Sentinel data (2015)/ESA)
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Coral	reefs

PACE		SQs
#2,#5,#7

Analyses	of	coral	reefs	using	high	spatial- resolution	(30-m	or	better)	
data	span	a	broad	scale	of	applications,	 including:	
à design	and	evaluation	of	Marine	Protected	Areas	(MPAs)
à study	of	ecosystem	associations,	(e.g.,	coral	reefs	with	seagrass	

beds	and	mangroves),	
à investigations	of	the	ecology	of	coral	reefs	and	the	organisms	that	

live	in	them	(e.g.,	fish).
(Monitoring	Coral	Reefs	from	Space,	Oceanography	2010)

Habitat	Mapping
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EPA	– Spatial	Resolution	Requirements	for	Satellite	Imagery	Application	
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EPA	– Spatial	Resolution	Requirements	for	Satellite	Imagery	Application	
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High	quality,	high	spatial	resolution	information

Q1: What	is	the	value	of	500	m	vs	1	km?	
Q2:	What	is	the	value	of	50-100	m?

Q2: What	is	the	value	of	50-100	m?
To	study	open	ocean,	coastal,	estuarine	and	inland	 processes,	hazards,	 disasters:	finer	scales,	more
‘frequent’	events,	stronger	gradients.	
For	example:	

à Capture	the	more	than	a	factor	of	5	change	in	carbon components	at	land-estuary	interface
à Estuarine	water	quality,	HABs in	most	estuaries	(not	 just	the	few	largest)
à For	inland	applications,	in	most	(80%	total	area)	of	lakes	
à Oils	spills,	to	capture	the	more	frequent	events
à Habitat	mapping/monitoring,	coral	reefs,	design/evaluation	of	marine	protected	areas	

Required to	study	coastal	processes,	ecosystems,	resources	at	the	land-ocean	 interface.	
For	example,	

à capture	the	factor	of	2	change	in	carbon components	at	land-estuary	interface	
à apply	satellite	data	to	monitor	processes	in	coastal	waters/integrate	into	models	
(HAB detection/identification,	invasive	species,	water		clarity,	hypoxia,	pathogen	indicators)

à track	river	plumes,	sediments	

Relevant	to	SQs #2,3,5,6,7.	For	example:
SQ#3 in	PACE	STM:	What	are	the	material	exchanges	between	 land	&	ocean?	
How	do	they	influence	coastal	ecosystems	and	biogeochemistry?	



Q1:	Do	we	need	low	latency	from	a	polar-orbit	sensor	 (1-2	day	global	coverage?)

Q2:	Do	we	need	PACE	ocean	color	products	in	under	3	hours?	

PACE	Science	&	Applications PACE	Science	Team	Meeting
January	20-22	2016,	CA

LATENCY

For	applications	of	ocean	color	data	to	emergency	management	and	response	to	hazards/disasters.	

For	operational	data	assimilation,	forecasting/nowcasting, improved	data	latency	(how	quickly	this	
information	can	be	assimilated	into	the	model	after	the	measurement	is	made)	will improve the	capability	
to	respond	to	a	specific	event.	

Polar	Orbit	Satellites:	

MODIS: has	had	direct	broadcast	capability	 since	2000.	MODIS	Direct	Broadcast	Software,Support Forum;,	etc
Rapid	Response	/	LANCE	(Land,	Atmosphere	Near-real-time	Capability	 for	EOS)	has	been	providing	global	
swath	imagery	from	MODIS	since	2001,	to	make	imagery	available	 in	less	than	3	hours
VIIRS-JPSS:	“Latency	is	a	critical	 component	to	the	operational	management	of	an	incident.	Therefore,	it	is	
crucial	 that	remotely	sensed	data	is	made	available	to	the	decision	makers	on	the	ground	as	quickly	as	
possible”	(JPSS Science	Seminar	Annual	Digest).	(0.5-3	hrs latency;	1	hr for	real	 time	monitoring	)



Q2:	Do	we	need	PACE	ocean	color	products	in	under	3	hours?	 Do	we	need	direct	broadcast?	

à Improved	latency	/	direct	broadcast	will	open	the	door	to	new	applications	not	currently	explored

à For	some	applications	we	know	we	do	

v Oil	spill	monitoring:	

NOAA	users	highlighted	the	need	for improved	data	latency	(0.5-1hr)	to	be	able	to	assimilate	satellite	
observations	 into	operational	models,	track	oil	spills	and	provide	warnings/alert	the	community.	

NRC,	2011	Assessing	Requirements	for	Sustained	Ocean	Color	Research	and	Operations: During	spill	
events,	"decision	makers	need	access	to	imagery	within	two	hours	of	data	collection"	

EPA:	During	the	Deep	Water	Horizon	response,	30	minute	turn	around	was	desired

PACE	Science	&	Applications PACE	Science	Team	Meeting
January	20-22	2016,	CA

LATENCY



Q2:	Do	we	need	PACE	ocean	color	products	in	under	3	hours?	 Do	we	need	direct	broadcast?	

v HABs and	Fisheries

Report	from	“Ocean	Satellite	Data:	Requests	from	the	Fishery	and	Aquaculture	Community”
(funded	by	NASA,	hosted	by	Oregon	State	University)
The	workshop	was	designed	 to	brainstorm	possible	future	ocean	satellite	 sensors	and	data	products	that
will	benefit	the	fisheries	and	aquaculture	communities	and	associated	research.	Twenty-one	U.S.	and
international	participants	from	various	fields	associated	with	fisheries	and	aquaculture	attended

“The	longer	the	delay,	the	less	valuable	the	data	becomes.	Ideally,	the	latency	should	be	no	longer	than	
40	minutes.”

PACE	Science	&	Applications PACE	Science	Team	Meeting
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LATENCY



PACE	Science	&	Applications PACE	Science	Team	Meeting
January	20-22	2016,	CA

http://www.goes-r.gov/downloads/2013-PG-OCONUS/06-19/Goldberg_Overview-Algorithms-PG.pdf

Fisheries

Ocean	Service

Weather
Service

Search	
And	
Rescue	
Satellite	
Aided	
Tracking



Applications	Traceability	Matrix	
(with	input/requirements	 from	user	community	representatives,	e.g.,	NOAA,	EPA,	USGS,	FAA)	
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White	Papers	– PACE	Applications	



32

PACE	Science	&	Applications PACE	Science	Team	Meeting
January	20-22	2016,	CA

White	Papers	– PACE	Applications	
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White	Papers	– PACE	Applications	
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White	Papers	– PACE	Applications	
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White	Papers	– PACE	Applications	

Next	priorities:
- Water	Quality	and	Human	Health	
- Habitats	(both	at	1-km	and,	potentially,	500,	100,	50	m	resolution)	

à Development	of	cross	mission	activities	to	establish	connections	 between	the	
PACE/ACE	missions	and	other	NASA	missions.	
PHyG (PACE,	HyspIRI,	GEOCAPE)	group:	Jeremy,	Emmanuel,	Kevin,	Antonio,	Maria



No	mission	can	do	everything

Maximize	return	on	investment


