
Coastal	ocean	circulaDon	modeling	and	
data	assimilaDon	(A.	Kurapov,	Oregon	State	
U.)		WCOFS:	West	Coast	Ocean	Forecast	System	(mulN-year	
simulaNons,	data	assimilaNon,	forecasNng),	2-km	
horizontal	resoluNon,	2008-present	(support:	NOAA	NOS/
NESDIS/JCSDA;	NSF	OCE;	NOAA	IOOS	COMT)	

Depth	of	the		isopycnal	
surface	(σθ=26.5	kg/m3)	

Process	studies:	understand	interannual	variability	in	the	
undercurrent,	source	waters	for	upwelling,	coastal-
interior	ocean	interacNons	
Data	assimilaNon	studies:	understand	the	impact	of	
assimilaNon	of	surface	and	subsurface	observaNons	

Comparison	of	model	and	glider	T	and	S	secBons,	mid-Oregon	shelf,	July	2010	

WCOFS	
domain	

De
pt
h,
	m

	

glider	

WCOFS	

T	 S	
(data:	courtesy	J.	Barth	et	al.)		

Kuropov 





Science	topics:	
	
§  Ecosystem	responses	to	seasonally	and	event-scale	variaNon	in	cross-

shelf	current	structure	and	upwelling	intensity,	duraNon	and	
intermi]ency	on	the	Washington	coast	

§  HAB	monitoring	and	predicNon		
	
How	I	see	using	the	OOI:	
	
§  Combining	the	conNnuous	WA	Endurance	Array	data	with	shipboard	

cross-shelf	surveys	of	growth	and	micro-	and	mesozooplankton	grazing		
and	community	measurements,	and	regional	biophysical	circulaNon	
model				

	
§  Adding	imaging	instruments	(e.g.	the	FlowCytobot)		for	conNnuous	

monitoring	for	phyto/microzoo	communiNes	and	abundance	with	
changing	condiNons	

Evelyn	Lessard	,	University	of	Washington	



•  Role of Columbia River in formation and dynamics of the coastal 
currents  
 
 

Coastal Endurance observations to investigate: 

•  Wave-current interaction 

•  Near surface turbulence mixing  

•  Exchange of momentum and energy from atmosphere to ocean 

OOI arrays to investigate: 

Moghimi 



Mueller 





 

R/V Langseth 

Kate Tremblay -  Transitioning Student 

ª  2015 MATE Intern  ª   STEM / ROV Advisor 
ª  SEA Semester Volunteer  ª   MTS New England Member 
ª  Women in Engineering  ª    THSOA Student Outreach Program 

Why This Workshop? 
•  Ocean Plastic / Pollutant Flow 
•  Following Sea Level Rise 
•  Addressing the change in fisheries 
•  Funding, funding, funding. 

Why Me? 
•  I want to be an asset. 
•  Target my learning. 
•  Build useable data sets. 
•  Big ocean tech nerd! 



u(x,z)	

Divergence:		w	=	-(∂/∂x)∫udz	=	∂[τby/(ρf)]/	∂x	

Role	of	boGom	stress	in	upwelling	near	the	shelf	break	

Ekman	transport:		∫udz	=	-τby/(ρf)	
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Trowbridge 



Nutrient	Flux	at	Mid-AtlanNc	Bight	ShelJreak	
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242 D.W. Townsend and W.G. Ellis

Fig. 5.3.5 Vertical sections of salinity, nitrate and silicate in
the top 1000 m along Transects A, B and C in Fig. 5.3.1. Tran-
sect A is in the Labrador Sea; B is across the Scotian Shelf; C

is off Georges Bank to the Gulf Stream (see Fig. 5.3.1). Data
source: World Ocean Circulation Experiment (“eWOCE – Elec-
tronic Atlas of WOCE Data”, at http://www.ewoce.org/)

5.3.3.4 Georges Bank

Georges Bank is a shallow submarine bank sitting
at the mouth of the Gulf of Maine. It is smaller than
the Grand Banks, and generally considered to be
biologically productive (reviewed in Backus, 1987).
It is dominated by tidal mixing throughout much

of its area, which is most pronounced in the central
shallow region on the top of the Bank, inside the 60 m
isobath, where the water column is kept vertically
well mixed throughout the year. Surface currents are
anticyclonic, and flow clockwise around the Bank (see
Loder, 1980; Butman et al., 1982; Butman and Beards-
ley, 1987; Limeburner and Beardsley, 1996; Lynch and
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5 Subpolar Margins 235

5.3.1 Introduction

The region covered by this discussion includes primar-
ily the continental shelf waters of the North Atlantic
Ocean between the Nova Scotia and the New York
Bight, with limited discussion of waters to the north,
including the Labrador Sea and the Grand Banks of
Newfoundland (Fig. 5.3.1). We have placed a dispro-
portionate emphasis on the Gulf of Maine and Georges
Bank region, which reflects differences in availabil-
ity of published information, and we focus on nitro-
gen dynamics in relation to primary productivity, much
of which is taken from Townsend (1997, 1998) and
Townsend et al. (2006).

The continental shelves of the Northwest Atlantic
Ocean are broad and extend more than 200 km off-
shore in some locations (Fig. 5.3.1). They connect
with the open ocean by several deep channels, includ-
ing the Gully (east of Sable Island on the Nova Sco-
tian Shelf), the Laurentian Channel (connecting the
Gulf of St. Lawrence), the Northeast Channel (con-
necting the Gulf of Maine) and the Hudson Channel
(connecting the Hudson River to the Hudson Canyon
on the slope). Each of these channels provides for
exchanges between deep and bottom shelf waters with

continental slope waters. Several major rivers, espe-
cially the St. Lawrence River and the Hudson River,
and many smaller rivers and streams collectively con-
tribute significant volumes of freshwater and nutrients
to shelf waters, but much of the fresh water input to
these shelves comes from ice melt farther north which
is advected to the south as part of a large-scale coastal
current system (Beardsley et al., 1976; Chapman and
Beardsley, 1989).

Generally speaking, coastal and shelf waters
throughout the region exhibit relatively high biological
productivity, much of which results from cross-isobath
fluxes of nutrient-rich deep waters, which occurs year
round, as well as winter convective mixing; anthro-
pogenic nutrient sources to shelf waters become sig-
nificant south of the New England shelf region, coming
primarily from rivers flowing through urban areas. On
the shelves, winter mixing annually replenishes surface
nutrient concentrations, setting the stage for impor-
tant winter–spring plankton blooms that often begin
at cold water temperatures (<1.0◦C), which facil-
itate efficient benthic–pelagic coupling. The spring
bloom period is followed by strong vertical stratifica-
tion that persists throughout the summer and early fall,
established by both freshwater additions and vernal

Fig. 5.3.1 Map of the
Northwest Atlantic
continental shelf region
showing the major features
referred to in the text.
Transects A, B and C are
labelled (A coloured version
of this figure is available
on-line. See Appendix C.)

Townsend	and	Ellis,	2010	

Warm	Slope	
Water	
Higher	[NO3]	

Labrador	Slope	
Water	
Lower	[NO3]	

Biogeochemical	budget	studies	indicate	that	ecosystems	
of	Western	N.	AtlanNc	shelves	are	dependent	upon	
nutrients	from	offshore	(e.g.	Nixon	et	al.,	1996).	

•  Slope	waters	offshore	of	MAB	
have	variable	[NO3]	
concentraNons	depending	on	
the	water	mass	present.	

•  Evidence	of	interannual	
variability	in	these	water	masses	
(correlated	with	NAO).	

QuesNons:	
•  What	is	magnitude	and	variability	of	cross-

isobath	nutrient	flux	at	Pioneer	Array?	
•  How	does	flux	vary	on	interannual	Nmescales	

(e.g.	NAO)?	
•  What	is	the	effect	on	cross-isobath	nutrient	

fluxes	of	Gulf	Stream	rings	impinging	on	the	
slope?	

Dave	Ullman	and	Jaime	Palter	(University	of	Rhode	Island)	

Compute	nitrate	flux	using	data	from		
opNcal	nitrate	sensors	on	surface	
piercing	profilers	and	AUVs	(along	with	
concurrent	velocity	measurements).	



January	6,	2016	

26	

ApplicaNon	of	OOI	Coastal	Array	
Aleck	Wang,	Woods	Hole	Oceanographic	InsDtuDon	
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1.	Cross-shelf	exchange	of	carbon;	Ocean	acidificaNon	

DIC (TCO2, µmol/kg) 

PIONEER 
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2.	Test	and	deploy	new	sensors	
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Channelized Optical System (CHANOS): DIC, pH (pCO2) 



Zaron 



Combining	the	Pioneer	Array	data	with	numerical	models	to	study	the	shelJreak	
frontal	dynamics	and	cross-frontal	exchange	
Weifeng	(Gordon)	Zhang	---	Woods	Hole	Oceanographic	InsNtuNon	

Pioneer Array glider data 

Topic	1:	The	variability	and	biological	impact	of	the	
shelJreak	front		

Topic	2:	CharacterisNcs	of	the	cross-shelf	
exchange,	e.g.,	velocity	pa]ern	of	the	intrusion	

Shelfbreak front 



InvesDgaDng	ClimaDc	impact	on	the	
GS,	WCR,	SSF	and	Shelf	(MAB/GOM)	

using	a	Nested	Modeling	and		
Data	Synthesis	Approach		

Avijit	Gangopadhyay	
Andre	Schmidt	
Mahmud	Monim	



The	Western	North	AtlanNc	in	2015	

Total	Number	of	WCRs	=	29	



Test	run	with	GS	and	WCR	Feature	
Model	only	
	
3km	domain	(1km	Nests	planned)	
	

MARACOOS	Weekly	
OperaDonal	System		
SMAST-HOPS	(2009-2016)	
www.smast.umassd.edu/modeling	
	

Brown	et	al.	(2007,	2012)	
Gangopadhyay	et	al.	(2012)	
Schmidt	and	Gangopadhyay	(2012)	
Schofield	et	al.	(2010)	



Approach/Ideas	
•  RetrospecDve	Analysis	

(2013-2015)	with	Pioneer	
data,	GS,	WCRs	

•  Process	Studies	and	Real-
Dme	assimilaDon/
forecast	for	MARACOOS	
with	Nested	Modeling	

•  Study	and	contrast	the	
Extreme	condiDons	over	
past	5	years	in	
comparison	to	last	40	
years	(1975-2015)	–	link	
to	NAO,	AO,	PDO,	AMOC	 Gangopadhyay	et	al.	2015,	

	Earth	InteracDon	
	



Gulf	Stream	path	temporal	variability		
west	and	east	of	65°W	
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8-10	years			65°W			4-5	years	
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