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Question 1 :  Why is the open ocean tow clearer? 

A. No river sediment. 

B. Fewer phytoplankton (microscopic, photosynthetic 
organisms. 

C. Larger waves churn out particles. 
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mooring near 
coast (water 
depth 8 m) 

Float 8514 open 
ocean near Hawaii 
(water depth 4500 
m) 







Question 2 :  Why are there few plankton in the open 
ocean? 

A. The sun is too bright. 

B. The water is too salty. 

C. There is not enough fertilizer (Nitrate, Phosphate, 
Iron). 
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Looking down Moro Cojo Slough to Moss Landing Harbor.  
Where’s the water?  Why can’t we see it? 

A. That’s not water, that’s the lawn. 
B. Just like artichokes, algae like to grow near Moss Landing. 
C. Too much fertilizer from land to water – that’s 

eutrophication. 
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Oceans are undergoing 
remarkable stresses:  
•  warming,  
•  acidification,  
•  nutrient supply,  
•  melting ice,  
•  losing oxygen, 
•  over fishing, 
•  circulation changes…. 
 



“Given the prominent role of the ocean in the 
Earth system as a vital service provider, one 
wonders why so little attention is still paid to 
its physical state and the health of its 
ecosystems in the policy arena. Should we 
not step up efforts to better measure, 
understand, and project ocean processes?” 
 
Thomas Stocker, Science, 2015 



31%	
11.6	GtCO2/yr	

Fate	of	anthropogenic	CO2	emissions	(2006-2015)	

Source:	CDIAC;	NOAA-ESRL;	Houghton	et	al	2012;	Giglio	et	al	2013;	Le	Quéré	et	al	2016;	Global	Carbon	Budget	2016	
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Sources	=	Sinks	



H2CO3 + CO3
2- à 2 HCO3

-  



CaCO3 à Ca2+ + CO3
2- 



•  55,584 pH profiles since measurements were standardized (1990) in US National 
Ocean Database 

 
For 1990 – 2016 there are only 2 
pH profiles found South of 40o S 
in the database for the Austral 
Winter (June 1- Sep 31).  
 
Sampling from ships is not the 
solution.   
 
Robotic platforms with 
chemical & biological 
sensors are the 
solution!  



In the 1840 gold rush, it took 3 months 
to California around Cape Horn! 



150 years later, the ships used for research still go 
the same speed.  We plan for 10 knot transit speeds 
and daily costs of $30,000 to $40,000/day. 



The Argo profiling float.  The model shown here is an APEX. 

280 cycles at 10 day 
intervals = 7 year lifetime 







Extra Credit Question: 
 
If density near the surface is 1022 kg/m3 and 1028 kg/m3 
near 2000 m, how much volume change does a 30 liter 
(~30 kg) float need to make for a 2000 m vertical 
profile? (ignore compressibility of water and float) 
 
Also note that oceanographers usual talk about the 
density anomaly, Sigma_Theta (units of kg/m3) 
= density – 1000 
 
If density = 1022, Sigma_Theta = 22 





Also, UK, China, Chile 
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A set of chemical and 
biological sensors now 
exist that track the 
basics of ocean 
metabolism: 
 
respiration, net 
production by 
phytoplankton, 
biomass, chlorophyll, 
ocean acidification, 
ocean 
deoxygenation…. 
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Southern Ocean Carbon 
and Climate 
Observations and 
Modeling 

soccom.princeton.edu 



http://biogeochemical-argo.org 



What is the role of the Southern 
Ocean in the global climate system? 
 

2 
It accounts for up to 
half of the annual 
oceanic uptake of 
anthropogenic 
carbon dioxide from 
the atmosphere. 

3 
Vertical exchange in 
the Southern Ocean 
is responsible for 
supplying nutrients that 
fertilize three-quarters 
of the biological 
production in the 
global ocean north of 
30°S. 

1 
It accounts for 67-98% 
of the excess heat that 
is transferred from 
the atmosphere into the 
ocean each year. 

Sarmiento et al. 
2004 

Gruber et al. 2009, 
Landschützer et al. 2015 

Roemmich et al. 
2015 



Nitrate (an essential plankton nutrient) at the surface 
(µmol/kg) 





http://www3.mbari.org/SOCCOM/AdoptAFloatviz.htm 











SOCCOM float 9099/WMO #5904468 operating in the Seasonal 
Ice Zone.     soccom.princeton.edu 



Extra Credit, Pop-Quiz Question: 
 
If density near the surface is 1022 kg/m3 and 1028 kg/m3 
near 2000 m, how much volume change does a 30 liter 
(~30 kg) float need to make for a 2000 m vertical profile? 
(ignore compressibility of water and float) 
 
30 liters * 1028/1022 = 30.176 liters 
 
A 30 liter float needs to change its volume by 180 
milliliters to profile 2000 m (236 milliliters/1 cup) 





Looking down Moro Cojo Slough to Moss Landing Harbor.  
Where’s the water?  Why can’t we see it? 

A. That’s not water, that’s the lawn. 
B. Just like artichokes, algae like to grow near Moss Landing. 
C. Too much fertilizer from land to water – that’s 

eutrophication. 
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June	29,	2017	



July	17,	2017	





Global Warming is Ocean 
Warming! 
 
•  Ocean warming dominates 

the total energy change, 
accounting for 93% from 
1971 to 2010. 

•  Warming of the 
atmosphere makes up only 
1% of the energy change. 

IPCC AR5, Box 3.1 – Change in Global 
Energy Inventory 



0.99100 = 0.38   
A 72% (1-0.38) decrease over 100 years? 




