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The	Global	Ocean	Observing	System:		
Ways	to	Complement	Argo	

GOOS	is	made	of	many	observa/on	pla2orms:	
3000	Argo	floats	which	collect	high-quality	temperature	and	salinity	profiles	from	the	
upper	2000m	of	the	ice-free	global	ocean	and	currents	from	intermediate	depths	
1250	driTing	buoys	which	record	the	currents	of	surface,	the	temperature	and	the	
atmospheric	pressure	
350	embarked	systems	on	commercial	or	cruising	yachts	which	collect	the	
temperature,	salinity,	the	oxygen	and	the	carbon	dioxide	(CO2)	in	the	ocean	and	the	
atmosphere,	and	the	atmospheric	pressure.	
100	research	vessels	which	measure	all	the	physical,	chemical	and	biological	
parameters,	between	the	surface	of	the	sea	and	the	ocean	floors	every	30	nau/cal	
miles	out	of	25	transoceanic	lines.	
200	marigraphs	and	holographs	which	transmit	informa/on	in	quasi	real	/me,	thus	
providing	the	possibility	of	detec/ng	tsunamis.	
50	commercial	ships	which	launch	probes	measuring	the	temperature	and	salinity	
between	the	surface	and	the	ocean	floor	on	their	transoceanic	ways.	
200	moorings	in	open	sea	which	are	used	as	long-term	observatories,	recording	
weather,	chemical	and	biological	parameters	on	a	fixed	site	between	the	surface	and	
the	boIom.	

From	hIp://www.ioc-goos.org	



From	hIp://www.ioc-goos.org	

The	Global	Ocean	Observing	System:		
Ways	to	Complement	Argo	

GOOS	is	made	of	many	observa/on	pla2orms:	
3000	Argo	floats	which	collect	high-quality	temperature	and	salinity	profiles	from	the	
upper	2000m	of	the	ice-free	global	ocean	and	currents	from	intermediate	depths	
1250	driTing	buoys	which	record	the	currents	of	surface,	the	temperature	and	the	
atmospheric	pressure	
350	embarked	systems	on	commercial	or	cruising	yachts	which	collect	the	
temperature,	salinity,	the	oxygen	and	the	carbon	dioxide	(CO2)	in	the	ocean	and	the	
atmosphere,	and	the	atmospheric	pressure.	
100	research	vessels	which	measure	all	the	physical,	chemical	and	biological	
parameters,	between	the	surface	of	the	sea	and	the	ocean	floors	every	30	nau/cal	
miles	out	of	25	transoceanic	lines.	
200	marigraphs	and	holographs	which	transmit	informa/on	in	quasi	real	/me,	thus	
providing	the	possibility	of	detec/ng	tsunamis.	
50	commercial	ships	which	launch	probes	measuring	the	temperature	and	salinity	
between	the	surface	and	the	ocean	floor	on	their	transoceanic	ways.	
200	moorings	in	open	sea	which	are	used	as	long-term	observatories,	recording	
weather,	chemical	and	biological	parameters	on	a	fixed	site	between	the	surface	and	
the	boIom.	



The	Global	Ocean	Observing	System:		
Ways	to	Complement	Argo	



The	mission	of	OceanSITES	is	to	collect,	deliver	
and	promote	the	use	of	high-quality	data	from	
long-term,	high-frequency	observa/ons	at	fixed	
locaWons	in	the	open	ocean.			

As	of	April	2015	

h#p://www.oceansites.org/index.html	
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KEO		
(started	in	2004)	

Papa		
(started		in	2007)	

hXp://www.pmel.noaa.gov/OCS/	



-	80	deep	microcats	already		
		deployed,	another	30+	available		
		to	be	distributed	

-	Need	recommenda/ons	on		
		which	exis/ng	pla2orms	to	use,		
		or	where	new	ones	are	cri/cal	

-	Need	work	on	assuring	uniform		
		and	climate-standard	data		
		quality	from	many	of	these	sites	

Vision	to	link	Go-SHIP	(highest	quality,	most	variables),	OceanSITES	
(next	highest	accuracy,	temporal	staWsWcs,	records	already	started),	
and	deep	ARGO	(distributed	for	spaWal	coverage).	

OceanSITES	contribuWon	to	the	Deep	Ocean	Observing	System	
200	pla_orms	already	exist	which	can	carry	deep	high-accuracy	T/S	sensors	
!  Use	selected	ones	to	establish	deep	T/S	reference	sites	for:	
						-		high	and	known	accuracy	(from	pre-	and	post-calibra/ons)	
						-		constraints	for	deep	ARGO	QC,	regional	deep	d(T/S)/dt	
						-		tes/ng	and	intercomparing	sensors		
																												(vendor	of	ARGO	sensors	is	interested)	
						-		/me	variability	(covariances,	aliasing,	process	understanding)	

deep microcat 
 sites 



hIp://dods.ndbc.noaa.gov/	

All	sites	aim	to	be:	sustained,	serving	mulWple	
disciplines,	in	open	ocean,	with	freely	available	
data	in	a	common	format,	accessible	through	the	
Global	Data	Assembly	Centers	in	Europe	and	US.	



hIp://dods.ndbc.noaa.gov/	

All	tropical	buoy	data	and	some	extratropical	
OceanSITES	data	are	made	available	to	opera/onal	
centers	through	the	GTS.		Sparse	extratropical	data	
may	be	of	more	value	as	reference	/me	series	if	
they	are	withheld	from	assimilaWon.	
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Can	close	mixed	layer	budgets	locally	–	Papa	
Es/mate	diffusive	flux	from	Heat	Budget.	Use	diffusivity	in	DIC	
budget	to	determine	Biological	Sinks	due	to	NCP	and	calcificaWon	

Cronin,	Pelland,	Emerson,	and	Crawford	“Es/ma/ng	
diffusivity	from	the	mixed	layer	heat	and	salt	
balances	in	the	North	Pacific”	(JGR-Oceans	Accepted)		



Argo	floats	oTen	do	not	have	sufficient	
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Argo	to	evaluate	salinity	gradient	

Can	close	mixed	layer	budgets	locally	–	Papa	
Es/mate	diffusive	flux	from	Heat	Budget.	Use	diffusivity	in	DIC	
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Fassbender,	Sabine,	Cronin	“Net	community	produc/on	
and	calcifica/on	from	seven	years	of	NOAA	Sta/on	Papa	
Mooring	measurements”	(SubmiIed	to	GBC)		

produc/ve	period	shaded	

Can	close	mixed	layer	budgets	locally	–	Papa	
Es/mate	diffusive	flux	from	Heat	Budget.	Use	diffusivity	in	DIC	
budget	to	determine	Biological	Sinks	due	to	NCP	and	calcificaWon	



OceanSITES	
StaWon	

(not	full	list)	

Cloud	
Feedbacks/
Ocean	effect	

on	
Atmosphere	

Ocean	
Mesoscale	
dynamics	

Carbon	Cycle	 Air-sea	
InteracWon	
high	wind	
regime	

Mixing	

KEO	 Hot-Spot	 														Westpac		

Papa	 Alford	et	al.	NIO	
study,			OOI	

Emerson	et	al.	
Project	

Thomson	et	al	
Project	

D’Asaro	et	al	
Project	

Stratus	 Oxygen	
minimum	
studies	

WHOTS	 Dunnebier	et	al	
Project	

OceanSITES	Flux	Sta/ons	are	research	hubs,	
providing	baseline	/me	series	from	which	short-
duraWon	process	studies	can	be	leveraged.	
OceanSITES	is	a	global	network	of	process	studies.	





Surface	moorings	within	the	Tropical	
Observing	System	provide	high	resoluWon,	
mul/-disciplinary,	co-located	oceanic	and	
atmospheric	planetary	boundary	layer	data	
at	fixed	loca/ons.	

•  For	mapping	fields	

•  For	ini/alizing,	forcing,	and	nudging	models	

•  For	assessing	uncertainWes	in	satellites	
•  For	assessing	uncertainWes	in	numerical	

models	

•  For	research	



2007), which is defined as the depth at which diurnal
warming is not present. A number of satellite SST prod-
ucts explicitly remove the effects of the diurnal warming
from their analysis, such as the AMSR product from
Remote Sensing Systems. Flux products that use SSTs
from the Reynolds and Smith (1994) data or later in-
carnations (Reynolds et al. 2007) are using a product that
is not a true daily-averaged SST, since the original data
do not resolve the diurnal cycle.
It should be noted, however, that the picture is slightly

more complicated by the optimal interpolation (OI)
analysis that is used byReynolds et al. (2007) and the use
of the regression against a 7-day buoy value. According
to Reynolds et al. (2007), ‘‘This selection ignores the
diurnal cycle, which cannot be properly resolved using
only one polar-orbiting instrument. Furthermore, as
discussed in section 3 all satellite data are bias adjusted
relative to 7 days of in situ data, which further reduces
any diurnal signal. Thus, theOI analysis is a daily-average
SST that is bias adjusted using a spatially smoothed 7-day
in situ SST average.’’ The in situ data are taken from ships
and buoys typically at 1-m depth or deeper, which sub-
stantially reduces the amount of diurnal warming as
compared to the surface (e.g., Clayson and Chen 2002).
Thus, it is difficult to support with certainty the idea that
the Reynolds product is a true daily average of the sur-
face temperature.
For comparison purposes, the mean difference be-

tween using a diurnally varying SST and a ‘‘true’’
daily-averaged SST on the fluxes for the time period of
1998–2007 is shown in Fig. A1. The true daily-averaged
SST is a daily average of the hourly SST field. The total

global-average difference is 1.21 W m22. Thus, if
models or data sources provided an accurate SST that
resolved the diurnal cycle the implication is that using
a daily-averaged SST to calculate the fluxes would limit
the climatological error to a little over 1 W m22 (al-
though local instantaneous differences are nearly on the
order of those shown for using the predawn or deeper
mixed-layer temperature, and would be expected to
produce different air–sea couplings and resultant ocean
mixing). The noted difference of the effect of using the
diurnally averaged SST flux is to be expected given the
nonlinearity of the fluxes and the diurnally varying na-
ture of the atmospheric boundary layer characteristics.
The increase in effects due to using a diurnally varying
SST is seen roughly everywhere except for the high-lat-
itude regions. Regions with the highest differences are
the western boundary current regions (particularly the
Gulf Stream) and the ITCZ.

APPENDIX B

Parameterization Update

The diurnal-warming parameterization used to pro-
duce the diurnally varying SSTs is based on the Clayson
and Curry (1996) formulation, as used in multiple stud-
ies (e.g., Clayson and Weitlich 2007). A comparison of
the original formulation with in situ buoys was per-
formed in Clayson and Weitlich (2007) and showed
mean biases in the tropical Atlantic and Pacific of less
than 0.00158C,with standard deviations of roughly 0.258C.
The original formulation used a simple sine curve to fit

FIG. A1. Difference in the effect on the fluxes of the diurnally varying SST from the daily-
averaged SST for the full 10-yr time period.A positive value indicates that the diurnally varying
SST fluxes are higher. The contour line is at 0 W m22.
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Ignoring	SST	diurnal	cycle	can	
introduce	an	order	1	error	in	heat	flux	

Clayson	and	Bogdanoff	J.Climate	2013	



Courtesy	L.	O’Neil	

RecommendaWon:	For	assessing	rain-
contaminaWon	in	satellite	winds,	need	
reference	staWons	in	W.	Pac,	ITCZ,	&	SPCZ.		



Products:	OAFlux,	
NOC2,	ERAinterim,	
MERRA,	CFSR,	ERA40,	
NCEP1,	NCEP2,		
CORE2,	ISCCP,	NASA/
SRB,	CERES	
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The	TPOS-2020	Project	(hIp://tpos2020.org)	is	
evalua/ng	and	where	necessary	will	implement	
changes	to	the	Tropical	Pacific	Observing	
System.	The	aim	is	to	ensure	and	improve	the	
u/lity	and	sustainability	of	the	TPOS.	Will	be	
based	on	modern	technology,	current	science	of	
tropical	Pacific,	and	on	an/cipated	needs	of	
observing	system	stakeholders	in	the	coming	
decades.		

Contact	Meghan.F.Cronin@noaa.gov	to	get	link	
to	ques/onnaire	where	you	can	provide	your	
ideas	about	how	TPOS	should	be	configured.	
We	need	your	ideas	by	October	7,	2015.	


