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Deep	Ocean	Temperature	Variation
• Capture	of	long	term	temperature	variation	at	
the	earth’s	poles	

• Variation	in	water	temperature	of	perhaps	one	
degree	in	a	range	of	3.5°	C	to	–	1°	C	or	lower	

• Especially	at	the	South	Pole	
• Long	term	=	hundreds	of	years	
• Very	subtle	and	hard	to	quantify	
• Seen	in	Bond	cycles	(a	type	of	secondary	
quantification)





Cold	Water	Sink/Convection	Points

• Affect	the	Atlantic	deep	water	circulation	
• And	the	Antarctic	circumpolar	deep	water	
circulation	

• Accumulation	in	volume	and	temperature	of	
these	deep	water	reservoirs	and	periods	of	
these	water	flows	are	key	to	their	effects	on	
the	natural	climate	cycles	



Global	Surface	and	Deep	Currents



Variations	of	Temperature

• Present	surface	ocean/air	temperatures	are	unusually	
warm	

• Average	surface	ocean/air	temperatures	are	probably	
commonly	5	to	7	deg	C	colder	

• By	accumulating	cold	water	into	the	deep	ocean	over	
a	1000	year	cycle,	surface	temperatures	may	
periodically	climb	

• Obvious	solar	variations	even	minor	ones	
• These	short	term	warming	periods	over	a	few	
hundred	years	are	called	for	example	“The	Roman	
Warm	Period”	and	the	“MWP”





 
 

The	rest	of	the	time	it	is	either	cold	
or	it	is	VERY	cold! 

 
(probably	not	only	a	cold	sun)



Or	is	the	change	caused	only	
by	circulation	patterns?

• Large	volumes	of	mostly	cold	water	that	is	
interacting	with	much	smaller	volume	of	
warmer	surface	water	
• The	speed	(generally	very	slow)	of	these	
deep	water	flows	must	also	have	some	sort	
of	direct	influence	on	long	term	climate







Atlantic	Meridional	Overturning	Circulation	
AMOC

• Look	at	the	Atlantic	since	the	Atlantic	
Multidecadal	Oscillation	is	a	significant	climate	
driver	

• Survey	of	the	Global	Tropical		Moored	Array	
system	

• This	system	has	only	been	in	existence	for	
about	2	decades	

• Observe	some	short	term	trends	in	the	pattern





Array	as	it	was	in	October	1999

Array	as	it	was	in	October	2009



Short	History

• Beginnings	with	the	TAO	moored	system	in	
Pacific	

• 1985	ATLAS	with	35%	of	67	buoys	in	place	by	
1994	(total	planned	=	77)	

• Temp,	Salinity,	Wind	vel,	sea	state,	&	later	
ocean	vel	("flux"	sites)	and	temp	&	salinity	to	
750	meters	

• TAO/Triton	network	2000	Japanese	support



ATLAS	Mooring



PIRATA/RAMA

• Pilot	Research	[Moored]	Array	In	Tropical	
Atlantic	

• Began	1999-2000	with	10	deployed	
• Completed	in	2005-6	about	40	
• RAMA	=	Indian	Ocean	began	in	2004	
• Total	planned	46	moorings	with	3	
instrumented	to	4000	meters





Purpose	GTO/AMB	System
• obtain	data	to	further	study	El	Nino/ENSO	
• study	Atlantic	meridional	gradient	mode/warm	
events	

• obtain	data	on	Indian	Ocean	di-pole	(like	ENSO)	
• document	mean	seasonal	cycles	-	such	as	
African,	Asian,	Australian	&	American	monsoons	

• track	the	intraseasonal	Madden-Julian	
oscillations



Notes	on	Purpose

• the	last	stated	purpose	is	to	study	global	
warming	

• all	data	are	short	term	(at	most	couple	of	
decades)	yet	.	.	.		

• some	are	stretching	to	find	a	human	print	on	
the	data	trends	(linear	vs	cyclical	(sine)	signs)	

• fixed	array	in	time	and	space	(elaborate)



Mooring	Array	Issues

• Servicing	–	very	difficult	and	expensive	
• Loss	due	to	extreme	environment	-		and	
unmooring	(drifting	buoy)	

• Security	–	pilfering	–	damage		-	an	
engineering	problem		

• Restriction	of	placement	and	mooring	due	
to	heavy	fishing	traffic



Data	Quality	and	Future
• Occasional	data	gaps	and	buoy	failures	due	to	
previously	noted	issues	(and	funding)	

• Rumors	of	shutting	down	the	moor	buoy	
program	are	noise	created	to	showcase	
funding	issues	

• Argo	and	moored	buoy	program	are	different	
and	both	are	necessary	

• Sverdrup	-	Sv	=	a	flow	of	106	M3	/sec	or	264*	
106		US	gallons/sec		(Harald	Sverdrup)



TAO	Example	Data



Atlantic	General	Circ	Patterns





Early	Atlantic	Flow	Rates/Directions



AMOC	southbound	NADW	Transport



Heat	Transport	@	35°	S		





MOC	2005-2014



Volume	of	Water
• Gulf	Stream	flow	rates	=	31.8	Sv	
• MOC	=	erratic	highs	30	Sv	lows	almost	0	
• MOC	average	18	Sv	to	12	Sv	
• Antarctic	Circumpolar	flow	=	125	Sv	(highest)	
• Upper	Mid-ocean	Transports		UMO	16.8	Sv	
• Ekman		3.5	Sv	
• MOC=	UMO	+	Ekman	+	Gulf	Stream	
• Changes	in	all	these	flow	volumes	are	very	
interactive	and	dramatic	at	times



Brief	MOC	discussion
• MOC	is	critical	to	climate	effects	and	is	
responsible	for	90%	of	heat	transport	

• amount	of	ocean	heat	flux	1.3	PW	
• A	dramatic	flow	decline	occurred	in	2009-10	
caused	by	wind	anomaly	and	increase	in	
geostophic	flow	

• southward	flow	of	the	top	1100	m	intensified	
• deep	layer	south	flow	from	3000-5000	
weakened



Conclusion

• Moored	arrays	give	us	some	remarkable	new	
information	on	what	is	going	on	in	the	oceans	

• Data	set	is	very	short	in	all	cases	
• Using	this	brief	data	set	for	climate	exploration	
must	be	done	with	caution	

• With	30	or	40	year	trends,	we	should	begin	to	
understand	the	large	role	that	oceans	play	in	
climate	control


