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Grand challenges for ocean  science:

1 Observe at a global scale how changing climate1.  Observe at a global scale how changing climate 
and ocean acidification interact with major portions of the 
ocean carbon, oxygen and nitrogen cycles.

2.  Monitor the carbon, oxygen and nitrogen cycles 
with sufficient temporal resolution to identify perturbations 

th i htas they might occur.

3.  Provide reliable data that significantly improves 
global biogeochemical modelsglobal biogeochemical models.





Simulated change in global 
hypoxic volume

Observed change in hypoxic volume off So. 
California (CalCOFI time series)hypoxic volume California (CalCOFI time series)



Biogeochemical cycles are 
coupled!

At times of low, 
modeledmodeled 
denitrification 
rate, there is an 
observed 
excess in NO3

-, 
relative to PO4

3-
4

in the CalCOFI 
data.  What 
happenshappens 
globally?





O2 profiles/year received at NODC



Profiling float 
deployed at 
BATS.

The seasonal 
l icycle in 

mesopelagic O2, 
first shown by 
Najjar andNajjar and 
Keeling (1997) 
can be easily 
resolved A directresolved.  A direct 
measure of C 
export and 
respiration.p



Number of nitrate observations at surface, January to 
March, in NODC data base.,

Total 
samples 
at each 
grid point 
inin 
database



Numerous studies point 
to changing ocean g g
phytoplankton/ 
productivity.

Results are often 
criticized because of 
problems in underlyingproblems in underlying 
data sets.

We need better data 

• Global• Global

• In Situ/Resolve Z

DI tl Li k d T P i• DIrectly Linked To Pri. 
Prod./ Biomass
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122 observations over 25 years of new production and 
carbon export.  Ok to parameterize a model, but is it p p ,

adequate to detect change in the ocean?



Remineralization rates at 43oS (Martz et al., 2008)

Derivative of the particle flux 
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Martin ‘b’ exponent found using 
binned oxygen rates appears to be 
larger than trap-based values 
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(usually -1.3 to -0.6).  

This can be reconciled by: oxygen 
gradients, trapping efficiency, active C remineralization rate
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Briggs et al., in press, 2008 North Atlantic Bloom 
Experiment using gliders and biooptical sensors



What existing resources can we use to monitor ocean 
acidification in the pelagic ocean?acidification in the pelagic ocean?

Argo – part integrated Global Observation Strategy
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Juranek et al ‐ Empirical algorithms to predict pH, Ω from hydrographic data

 

  50oN 

 20' 

 40' 

  51oN 

la
 (m

g/
m

3 )

1

3 Allows low‐cost 
monitoring of carbon 
system parameters in 
areas of interest from 

03 04 05 06 07 08 09 10 11

03 04 05 06 07 08 09 10 11
-300

-200

-100

0

7.7 7.7 7.7
7.8 7.8

7.8
7.9 7.9 7.9

8 8 8 8
8.1

 

 

7.7

7.8

7.9

8
pH

 
 140oW  139oW  138oW  137oW  136oW 

  49oN 

 20' 

 40' C
h

0.1

0.2
0.3 profiling floats and AUVs

03 04 05 06 07 08 09 10 11
-300

-200

-100

0

0.8 0.8 0.8
1

1
1 1

1.5 1.5 1.5
2 2

month, 2010

 

 

1

1.5

2

Ωarag

Juranek et al., 2011, GRL, submitted





A global float/glider array:  Argo as a model for a global 
biogeochemical observing system?  Are we ready???

Perry et al., L&O, 2008



The platforms (floats/gliders) are proven, how about the 
sensors?  Two classes: 

• sensors proven by deployment on many floats/gliders 
over many years and strong peer-reviewed publications 
(O2, basic biooptics, NO3

-)(O2, basic biooptics, NO3 )

• sensors nearing operational status that will have high 
impact (e.g. pH, pCO2,  Particulate Inorganic Carbon - PIC)p ( g p , p , g )

Oxygen near HOT observed by UW 
floats.



A subset of O2
papers



A subset of 
biooptics papers



Near Hawaii



pH to be deployed on floats this fall, proven by 
long deployments on surface moorings.

CCE-1 Mooring  The ISFET pH 
sensor is very stable, relative 
to pH computed from pCO2 (C.to pH computed from pCO2 (C. 
Sabine) and TA (estimated 
from salinity, T).

Ocean acidification signal is 
0 002/y

Figure provided by T Martz

0.002/y

Figure provided by T. Martz, 
U. Send and M. Ohman, 
SIO



Particulate Inorganic 
Carbon (PIC) Sensor 

Univ. Cal., Berkeley
Jim Bishop (PI): OCE 0964888( )

PIC concentration sensor 

WETLabs, Inc.; Scripps Inst Dev Group

for CTDs / ARGO floats. 
CaCO3 dynamics.
 Next Gen Design: Next Gen. Design: 

optics & electronics.  
o Thermal/Pressure 

Testing (in progress)
o Ship CTD deployment

calibration (May Julycalibration (May, July, 
Aug 2011 – in progress) 

• Carbon Explorer Float
deployment (2012) 
subarctic N Pacific.



• Why a global observing system 
– major science needs

• Technology status
d ?– are we ready?

• Possible system designs
i t ti f i it b ti ith t llit– integration of in situ observations with satellite 
observations and numerical models

• Next stepsNext steps
– International partnerships
– regional experimentsg p
– encouragement of new technology



Continuous in situ observations 
with floats/gliders at basin/global 

scale

Satellite remote sensing 
observations at basin/global scale

scale

Data centers/Quality Control 
(real time and delayed)

R h
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Research, 
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models
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t di
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• Why a global observing system 
M j i d t b t ith t– Major science needs cannot be met with present 
observing systems

• Technology statusgy
– Are we ready?

• Possible system designs
– Integration of in situ observations with satellite 

observations and numerical models
• Next steps• Next steps

– Receive community input
– International partnerships
– Regional experiments



Emerson/Riser regional project in NW Pacific – controls on 
seasonal CO2 drawdown using O2 floats



A proposal for a Southern Ocean observing system using 
profiling floats for long-term observations and gliders for 

J. Sarmiento, L. Talley, J. Russell, H. Cullen, et al.
process studies.



US Share Total Cost
Using Argo as an example, but there may be other models.

US Share 
per year

Total Cost 
per year

Argo T/S array $10 Million $20 Milliong y $ $
Add O2 to Argo (Gruber 
et al. 2007) $7070/float 

$2.5 M
(350 floats/y)

$5 M 
(700 floats/y)) ( y) ( y)

Add Biooptics (sensor 
cost 1.75 x O2)

$4.4 M $8.8 M
2)

Add Nitrate (sensor 3x 
O2)

$7.5 M $15 M

Add pH (1 x O2) $2.5 M $5 M
Total cost $27 Million $54 Million

These numbers are completely scaleable.  


