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Present	ongoing	array	at	Sta(on	Papa		
(A-C)	NSF	OOI	(Jul	2014−	)		
Bob	Weller	(WHOI)	

	
(D)	NOAA	Surface	Mooring	(Jun	2007−	)	
Meghan	Cronin	(NOAA	PMEL),		
with	BGC	sensors	provided	by		
Adrienne	Su=on	(UW/JISAO),	Steve	Emerson	(UW)	
	
(E)	UW	APL	Waverider	(Jun	2010−	)	
Jim	Thomson	(UW	APL),		
with	passive	acousMc	sensors	provided	by	
Jie	Yang,	Jeff	Nystuen	(UW	APL)	
	
	(F)	NOAA	Noise	Reference	Sta(on		
(Jan	2015−	)	
Holger	Klinck,	Bob	Dziak	(NOAA	PMEL)		
	



Thank	you	NSF	OOI	
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Papa-2017	

Papa-2018	
Waverider-2018	

NRS-2015	
NRS-2018	



Waverider	mooring	at	StaMon	Papa	
Funded	through	NSF	research	grants	

Data:	CDIP	166	/	NBDC	46246	
Contact:	Jim	Thomson	<jthomson@apl.uw.edu>	

R/V	Tully	 R/V	New	Horizon	 R/V	T.G.	Thompson	
NSF	OOI	cruise	
R/V	Sally	Ride	

individual waves during a 30-min burst. However, because
of the 20-km separation of the moorings, individual
waves measured will be different, and thus statistical
variation is expected even though spatial variation in the
sea state is negligible.
The statistical variations across 30-min records can be

mitigated by using 3-h records, and this comparison is also
shown in Fig. 4. The bias slope is the same (0.96), and the
correlation coefficient is improved fromR2 5 0:74 for the
short records to R2 5 0:93 for the longer records. This
consistent bias indicates that the fouled buoy measures
slightly less wave motion than the clean buoy.
The effect of biofouling is most apparent when com-

paring the spectral response of the buoys. Figure 5 shows
the scalar wave energy spectra and the check factors [Eq.
(2)] from both buoys during the simultaneous measure-
ments. The clean buoy has a clear f24 shape at high fre-
quencies, which is termed the equilibrium range (Phillips
1985) and is a well-documented feature of ocean surface

waves (e.g., Thomson et al. 2013). The fouled buoy has a
muted response at these frequencies, and the spectral
slope ismuch steeper than the expected f24. This suggests
that the fouled buoy is not responding fully to wave
motions at these frequencies. Although this is clear in the
spectra, it does not have much effect on the bulk pa-
rameters (significant wave height, peak period, etc.) be-
cause the energy at these frequencies is very low relative
to the peak of each spectrum. These spectra are typical
of open ocean sites, where swells dominate.
The spectral check factors in Fig. 5 confirm the

changes in buoy response as a result of the fouling.
Ideally, the check factors are equal to one, indicating
perfectly circular orbital motion. For the attenuated
high frequencies of the fouled buoy, the check factor is 2
or higher, indicating that the horizontal displacements
are at least twice the vertical displacements. The check
factors also deviate fromunity for the lowest frequencies
(low-amplitude swells), which is a known problem in

FIG. 2. Before and after pictures of the 0.9-m-diameter waverider buoy at Ocean Station P.
(a) Newly painted buoy on deck before deployment in October 2012, and (b) biofouled buoy
after recovery in January 2015.
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StaMon	Papa	Ambient	Noise	data	
(1)	PAL	on	Waverider		(2)	NOAA	Noise	Reference	StaMon	Mooring	
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pCO2	(air	and	sw),	pH,	Fluorometer-
Turbidity		--	A.	Su9on	
	
GTD-O2-CTD				--	S.	Emerson	

Sea	pCO2	
SST,SSS	

Fluorometer	
-Turbidity	

	

Air	pCO2	

pH	
GTD-O2-CTD	

hBp://www.pmel.noaa.gov/co2/story/Papa	

BP	
h9ps://www.nodc.noaa.gov/ocads/oceans/Moorings/Papa_145W_50N.html	
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Biological	Pump	
(residual)	

Net community production and calcification
from 7years of NOAA Station Papa
Mooring measurements
Andrea J. Fassbender1,2, Christopher L. Sabine2, and Meghan F. Cronin2

1School of Oceanography, University of Washington, Seattle, Washington, USA, 2NOAA Pacific Marine Environmental
Laboratory, Seattle, Washington, USA

Abstract Seven years of near-continuous observations from the Ocean Station Papa (OSP) surface
mooring were used to evaluate drivers of marine carbon cycling in the eastern subarctic Pacific. Processes
contributing to mixed layer carbon inventory changes throughout each deployment year were quantitatively
assessed using a time-dependent mass balance approach in which total alkalinity and dissolved inorganic
carbon were used as tracers. By using two mixed layer carbon tracers, it was possible to isolate the influences
of net community production (NCP) and calcification. Our results indicate that the annual NCP at OSP is
2 ± 1mol Cm!2 yr!1 and the annual calcification is 0.3 ± 0.3mol Cm!2 yr!1. Piecing together evidence for
potentially significant dissolved organic carbon cycling in this region, we estimate a particulate inorganic
carbon to particulate organic carbon ratio between 0.15 and 0.25. This is at least double the global average,
adding to the growing evidence that calcifying organisms play an important role in carbon export at this
location. These results, coupled with significant seasonality in the NCP, suggest that carbon cycling near OSP
may be more complex than previously thought and highlight the importance of continuous observations
for robust assessments of biogeochemical cycling.

1. Introduction

The biological consumption and export of carbon from the ocean surface to the abyssal sediments, commonly
referred to as the biological pump, is a major pathway for long-term carbon sequestration from the atmosphere
[Ciais et al., 2013]. Each year, approximately 11 PgC is exported from the ocean surface to the interior as sinking
organic and inorganic carbon particles are degraded in the water column, and 0.2 PgC is delivered to the
sediments through this biologically mediated carbon transport [Ciais et al., 2013]. In addition to other physical
processes, the biological pump gives rise to a vertical carbon gradient in the ocean and contributes tomaintain-
ing an ocean carbon content that is ~50 times higher than that of the atmosphere [Rhein et al., 2013]. Changes
in the functionality of the biological pump could influence the structure of this vertical gradient, affecting the
efficiency of anthropogenic carbon dioxide (CO2) uptake at the ocean surface through various feedback
mechanisms over societally relevant timescales [Passow and Carlson, 2012; Ciais et al., 2013]. These feedback
mechanisms have been discussed in the literature but are not well understood due to complex ecosystem
interactions and uncertain biogeochemical responses to anthropogenic ocean warming and acidification.
In order to identify changes in the efficiency of the biological pump and quantitatively assess the climate
implications of altered carbon cycling, a well constrained marine carbon cycle budget is needed.

Significant effort has been made to better understand marine carbon cycling. These efforts include observa-
tions from time series sites, such as Bermuda Atlantic Time-series Study (BATS) [Bates, 2012; Lomas et al.,
2013], European Station for Time series in the Ocean [González-Dávila et al., 2010], Hawaii Ocean Time-series
[Winn et al., 1998; Brix et al., 2004; Dore et al., 2009], Ocean Station Papa (OSP) [Wong et al., 2002c; Timothy
et al., 2013], and Carbon Retention in a Colored Ocean [Taylor et al., 2012; Astor et al., 2013]. Long-term
observations from these stations integrate over natural oscillations and stochastic variability to reveal
multidecadal trends as well as seasonal patterns of marine carbon cycling [Bates et al., 2014]. Many of the
longest and most robust observational time series come from ship based work where sites are sampled at
least four times per year. At these sites, globally consistent trends are emerging with regard to surface ocean
carbonate chemistry, showing that modern ocean CO2 uptake and pH declines have been primarily
controlled by CO2 solubility [Bates et al., 2014; Lauvset et al., 2015]. There are, however, a few outliers,
indicating that the carbonate chemistry changes in some regions may not be driven solely by the

FASSBENDER ET AL. NCP AND CACO3 AT OSP 2007–2014 1

PUBLICATIONS
Global Biogeochemical Cycles

RESEARCH ARTICLE
10.1002/2015GB005205

Key Points:
• Significant seasonality found in NCP
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• Elevated PIC:POC ratio relative to the
global average

• Continuous in situ observations are
required to develop a robust carbon
cycle baseline
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Note:			Given	any	two	carbon	
parameters	(pCO2,	TA	(use	salinity	as	
proxy),	pH,	DIC),	can	esMmate	other	two.		
Measure	pCO2	&	Salinity	to	get	DIC.	
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Heteorotrophy	
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Unanswered	ques(ons:	
•  How	do	upper	ocean	ecosystem	characterisMcs	determine	the	

verMcal	transfer	of	organic	ma9er	from	the	well-lit	surface	ocean?		

•  What	controls	the	efficiency	of	verMcal	transfer	of	organic	ma9er	
below	the	well-lit	surface	ocean?		

•  How	can	the	knowledge	gained	be	used	to	reduce	uncertainMes	in	
contemporary	&	future	esMmates	of	the	export	and	fates	of	NPP?	

NASA	Goal:	Predict	the	export	and	fate	of	
ocean	Net	Primary	ProducMon	(NPP)	from	
satellite	and	other	observaMons.	





Special	Collec(ons:	
Midla(tude	Marine	Heatwaves:	Forcing	and	Impacts	
Persistent,	midlaMtude	marine	heatwaves	(MHWs),	such	as	the	2013-2014	extreme	warming	of	the	
Northeastern	Pacific	(aka	“the	Blob”),	can	have	dramaMc	and	widespread	impacts	on	ecosystems,	
fisheries	and	weather.	MHWs	have	been	observed	in	both	hemispheres	(e.g.,	the	Ningaloo	Niño	in	
Western	Australia),	including	in	semi-enclosed	basins	such	as	the	Mediterranean	Sea.	MHWs	can	be	
caused	by	a	combinaMon	of	atmospheric	and	oceanographic	processes.	It	is	also	expected	that	they	will	
become	more	frequent	and	intense	under	anthropogenic	climate	change.	This	Special	CollecMon	
welcomes	papers	invesMgaMng	the	causes,	evoluMon,	and	impacts	of	persistent	midlaMtude	MHWs.	
Joint	with:	JGR-Oceans,	GRL,	JGR-Atmosphere,	JGR-Biogeosciences	

February	2014	SST	anomaly.	
Courtesy	K.	Karnauskas.	
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Thank	you.		



Wind	
ATRH	
	

UV	at	15m,	&	35m	
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SST&SSS	downlooking	
ADCP	

Met	and	physical	sensors	–	Cronin	

hBp://www.pmel.noaa.gov/ocs/	

uplooking	
ADCP	
NEW	!	

Returns	from	
downward-looking	
ADCP	show	
reflecMon	from	
sensors	mounted	
on	mooring	line.	
These	depths	are	
masked	out.	


