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Emissions are rising faster than expected
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Skeptics argued that this
“unrealistic”  scenario was
included only to make the
problem look worse

This is where we need to be
heading
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AB 32
• California leads the way
• State-wide cap on emissions
• Mix of regulatory and market approaches
• May need a mix of emission reductions and

carbon sinks to reach goals
• Model for nation

Key point - cap and trade as much about
stimulating innovation as controlling carbon



Carbon Management
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Carbon Storage in the Sea -
Biogeochemical  Mechanisms

• Relative use of surface macronutrients
– Residual Nitrate (HNLC)
– Residual Phosphate in the absence of NO3

• Changes in C:N:P of export
• Changes in remineralization length-scale
• Changes in PIC rain rate ratios with POC



All of these are
Time-Shifting

Most are Sensitive to the
Addition of Trace Amounts

of Iron



Ocean biology maintains a vertical
DIC gradient - ocean biology is limited by the

supply of nutrients:

Nitrate+Nitrite

Dissolved Inorganic Carbon

Century residence times

Decadal residence times

Millenial residence times



Incomplete Nutrient Utilization in the
Surface Waters (HNLC)

(Leaves un-used DIC in the surface and more CO2 in the
atmosphere)

Century residence times

Decadal residence times

Millenial residence times Dissolved Inorganic Carbon

Nitrate+Nitrite



Most of the ocean shows
near-complete nutrient utilization

Surface Nitrate (µmoles/kg)



Boyd et al., 2007



Boyd et al., 2007

 delDIC      6    26  17   14   58   21   13          36        nc     <1 



Changes in Total Nitrate Stock
Nitrogen Fixation - Denitrification Balance

Century residence times

Decadal residence times

Millenial residence times

Lower DIC

Nitrate+Nitrite

Dissolved Inorganic Carbon

Higher DIC

Extra Nitrogen 
Fixation

Stronger gradient, lower 
Surface DIC



Changes in Total Nitrate Stock
Nitrogen Fixation - Denitrification Balance

Century residence times

Decadal residence times

Millenial residence times

Lower DIC

Nitrate+Nitrite

Dissolved Inorganic Carbon

Higher DICExtra
Denitrification

Weaker gradient, higher 
Surface DIC



Trichodesmium spp.
Best Known Planktonic Diazotroph



Trichodesmium makes
Enormous blooms
(space shuttle picture of 
10,000 km2 bloom)



Scale
• Potential scale: 10 - 500 million tons CO2

per year, maybe more
• Potential cost: $2-6 per ton
• Critical limitations

– Offsetting negative environmental impacts
– Predictability and duration of carbon storage
– Society’s choices
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The market context

Market demand for carbon offsets

Scattered voluntary
demand

Kyoto markets

Non-Kyoto regulatory
markets (e.g AB32)

Prominent voluntary
GHG initiatives

Voluntary cap-and-trade



Key components of methodologies
for GHG projects

Baseline and
additionality

Permanence

Leakage Monitoring

Validation and
Verification
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Ecosystem Scale
Experimental Manipulations

• Critical need to manipulate systems to
understand dynamics and test ability to
predict system behavior

• MERL on steroids
• Iron Fertilization
• Impacts of ocean acidification





Fe induced blooms



FACE ring



Why California?

• Excellent ocean science and scientists
• Leaders in ocean fertilization science
• Green-tech Entrepreneurs
• AB 32
• We can build the scientific infrastructure
• Someone has to lead --



Thank you

Questions?


