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Where will all the CO2 go? 



Much will end up in the sea… 



…but how much will be 
captured by photosynthesis? 

Global distribution of phytoplankton. Lowest concentration is 
purple and blue, middle concentration is green, highest 

concentration is yellow and red. 
Source http://www.nasa.gov/vision/earth/environment/

0702_planktoncloud.html 



…and how much will eventually be 
sequestered in the deep ocean? 

Life on the abyssal sea floor (depths ranging from 4000-6000 m) near the Hudson Canyon off the coast of New 
Jersey. Photo taken using the Deep Submersible Research Vessel (DSRV) Alvin's camera system. Image courtesy 

of Deep East 2001, NOAA/OER. 



What happens to it on the way 
down? 

S. Honjo – “Marine Snow & Fecal Pellets” (1997) Oceanus  WHOI 



…and how will it effect the 
biology and chemistry of the sea? 

Ü  Ocean acidification 

Ü  Impact on global primary productivity 

Ü  Phytoplankton population changes 

Ü  Changes to ballast particles & transport rates 

Ü  Impact on coral reef ecosystems 

Ü  Repercussions throughout the food web 

Ü  Implications for human fish & shellfish 
consumption 



Ocean Acidification 



The base of the ocean food chain 



Mission: 
Assess the role of oceanic carbon, 

both living and non-, in the Earth 
climate system through better 

quantitative understanding of the 
transport and transformation of 

carbon from the fixation of 
atmospheric CO2 by surface ocean 

primary production through its 
removal to deep waters via the 

“biological pump”.   



Goals: 
Ü  Greatly improve constraints on estimates of global marine primary 

production (PP), a critical factor in understanding the global CO2 
cycle and for developing accurate estimates of export 
production (EP). 

Ü  Explore the spatiotemporal links between PP, EP and the 
biogeochemical processes that attenuate particulate organic 
carbon (POC) flux. 

Ü  Characterize microbial community structure and dynamics both in 
the surface and deep ocean. 

Ü  Develop a comprehensive picture of the chemical and biological 
processes that take place from the surface ocean to the sea floor. 

Ü  Provide unique time-series samples for detailed laboratory-based 
chemical and biological characterization and tracer studies that 
will enable connections to be made between the operation of 
the biological pump at present and in the geologic past.     



The Value 

The primary goal is to provide 
high-quality biological and 

biogeochemical 
observational data for the 
modeling and prediction 
efforts of the global CO2 

cycle research community. 

 



How will we do it? 
Extend the currently-funded OOI array infrastructure 

to include state-of-the-art biological and 
biogeochemical sensors and samplers. 



Time Series Sensors & Samplers 



Primary Production 
Incubating Productivity 

System (IPS) 

Eric Grabowski - University of Hawaii 



Export Flux 
Time Series 

Sediment Traps 



Water & Particulates 

Remote Access 
Sampler (RAS) 



Microbes 
Environmental 

Sample 
Processor (ESP) 

McLane 
Moored 
Profiler 
(MMP) 



Gen III ESP + Tethys Long-Range AUV 

•  Drifters 
•  Gliders 
•  AUVs 



The role of marine “omics” 

Genomics
(DNA)

v  Species identification & 
enumeration 

v  Metabolic potential 

v  Physiological status 

v  Protein production 

v  Metabolite production 

v  Metagenomics 

v  Microbes to whales 

v  Culture independent 

v  Single-cell sensitivity 

v  Metabolic networks 

v  Systems biology 



Metagenomics 



Close the genomics technology gap 

Firefly 
Bioworks 

Microencapsulation 

High-Density Microarrays 

Microfluidics Single-molecule Analysis 



Ü  Autonomous operation in remote, extreme 
environments 

Ü  Precise positioning 

Ü  Multitude of sensors 

Ü  Complex control & data acquisition networks 

Ü  Torrents of data 

Ü  Long-term observatories = decades 

Ü  Service & repair missions for consumables & 
instrument upgrades 

Our “Hubble” for the Sea 

$6 Billion 



$6 Billion 

Budget Priorities & Inequities 



Searching for Oceans on Distant 
Planets 

$6.5 Billion 

Nature 28 October 2010 



GBF-OOI 
Ü  Requires a budget commensurate with the 

critical importance of the data for assessment of 
the current impacts of global warming and for 
better prediction of its future time course and 
likely consequences. 

Ü  Plan for a century of ocean observation – the 
time frame of relevance for global warming. 

Ü  Must be truly international in participation and 
global in scope. 

Ü  Immediate deployment is required if the data 
are to overcome skeptics and provide any 
opportunity for mitigation. 



Learn More, Contribute! 

Ü  GBF-OOI Community White 
Paper 

Ü  http://www.whoi.edu/GBF-OOI/
page.do?pid=41475 

Ü  Comments, suggestions & 
questions 

Ü  gbf-ooi@whoi.edu 



Get political! 
Ü  Major roles for NASA, DOE & NIH – not just NSF & 

NOAA – as well as foreign counterparts 

Ü  Contact your Senators & Congressmen 

Ü  Stress the urgency, scope & scale needed 

Ü  Push for major funding increases & reallocation 

Ü  Raise awareness among your peers 

Ü  Educate the public 

Ü  Bring the best possible science to bear 


