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emissions: 
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1988

The “Iron Hypothesis” gains prominence

Nature 331 p341-343 1988
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“give me half a tanker of iron, and I 
will give you the next ice age”

… John Martin
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Objective:
Promote nutrient utilization 
in the surface layer
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1989: Discussions in the boardroom

– from Workshop Summary released in May 1990

RECOMMENDATION #1:

After careful modeling and appropriate preliminary experiments in regions 
with unused nutrients…an international transient iron enrichment experiment 
be implemented. 

NATIONAL RESEARCH COUNCIL BOARD ON BIOLOGY

Workshop on Reducing Global Warming by Enhancing
Carbon Dioxide Assimilation in Phytoplankton

December 4-5, 1989


 
 Estimate: 
 2 gigatons C per year

 
 Cost: 
 
  < $10 billion per year

FINDING #1:

It is conceptually feasible to slow the increase in atmospheric CO2 levels through 
enhanced new primary production …


 
 Estimated cost — $50 to $150 million



May 20, 1990 

First
surge of
publicity  



February 
1991 

Scientists 
tackle the 
issue 
head-on
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Consensus Resolution

The American Society of Limnology and Oceanography (ASLO) formally 
“…urg[es] all governments to regard the role of iron in marine 

productivity as an area for further research and not to consider [large 
scale] iron fertilization as a policy option that significantly changes the 

need to reduce emissions of carbon dioxide.” 

(Limnology and Oceanography 1991, Vol. 36)
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1991 Consensus Resolution: 
Synopsis

 Research — YES

 Geoengineering — NO



1993-2009 
Research has been successful

…details virtually inaccessible to the general public
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Plans for commercial fertilization of the 
ocean were quickly developed

 Patent for 
fertilization with 
iron chelate 

 May include 
seeding surface 
layers with other 
nutrients, 
microorganisms, 
and fish Michael Markels, Jr.



Mary Silver images

Recurring theme:

Unrecognized Potential Side Effects

Successful 
fertilization must 
change water 
transparency

Tomascik et al. 1993
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Objections were raised
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A range of views

Still virtually inaccessible to the general public
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Maritime Law: 1990 – 2006
 Jurisdiction is unclear 

 No obvious recognition of the problem

 No strong lines of communications with 
oceanographers

 “Policy vacuum”

Elizabeth Mann Borgese
  March, 2000
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Promotions continued
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2007

Major program of 
iron fertilization 

announced
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NGOs raise concerns and the International 
Maritime Organization responds
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3. The Scientific Groups of the London Convention and 
London Protocol note with concern the potential for large-scale 
ocean iron fertilisation to have negative impacts on the marine 
environment and human health.  They therefore recommend 
that any such operations be evaluated carefully to ensure, 
among other things, that such operations are not contrary to 
the aims of the London Convention and London Protocol.  

After 20 years, ocean fertilization was 
finally gaining recognition
in ocean policy



ASLO ASM 2009: John Cullen

3. The Scientific Groups of the London Convention and 
London Protocol note with concern the potential for large-scale 
ocean iron fertilisation to have negative impacts on the marine 
environment and human health.  They therefore recommend 
that any such operations be evaluated carefully to ensure, 
among other things, that such operations are not contrary to 
the aims of the London Convention and London Protocol.  

After 20 years, ocean fertilization was 
finally gaining recognition
in ocean policy

Basically, they called for an 
environmental impact assessment
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2007: Climos rises as 
Planktos sinks
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Commitment to
science-based
policy
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Commercial model:
Carbon offsets
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A commonly mentioned target: 
one “Wedge” = 1 Gt C / y = a lot

Each represents a great deal of carbon. Feasibility unproven at this time

Seven “wedges”, each
representing 1 GtC/y
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2007 - 2008: Scientists offer support
Commitment to science-based policy

Recognition of significant uncertainties
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Special issue published
(open access)
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Fertilization of Ocean Waters with Nitrogen 
will Provide Food and Sequester Carbon

http://www.oceannourishment.com
Roots in papers / patent application in mid 1990’s

One issue did generate scientific consensus:

http://www.oceannourishment.com
http://www.oceannourishment.com
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http://www.smh.com.au/news/environment/climate-scientists-seek-a-urea-
moment/2009/01/20/1232213646774.html

Climate scientists seek a urea moment
Ben Cubby Environment Reporter
January 21, 2009

SYDNEY researchers are pushing ahead 
with controversial plans to fertilise the ocean 
off Australia's coast and use plankton to 
slow climate change.

Has 
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Important question:
Can OIF be demonstrated to have acceptable, 

predictable and verifiable environmental impacts?

For more illustrations, download video or slides at
http://www.whoi.edu/page.do?pid=14618
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The ultimate goal of all proposed plans
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Modification 
of the global 
environment

IMAGE: NASA Goddard Space Flight Center

The ultimate goal of all proposed plans
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Intended consequences of large-scale 
fertilization
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Increased deep ocean 
concentrations of 
CO2, N and P

IMAGE: NASA Goddard Space Flight Center

Intended consequences of large-scale 
fertilization
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Increased deep ocean 
concentrations of 
CO2, N and P

Decreased deep 
ocean concentrations 
of O2

IMAGE: NASA Goddard Space Flight Center

Intended consequences of large-scale 
fertilization
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Increased deep ocean 
concentrations of 
CO2, N and P

Decreased deep 
ocean concentrations 
of O2

Decreased surface 
layer concentrations 
and ratios of 
N, P and Si

IMAGE: NASA Goddard Space Flight Center

Intended consequences of large-scale 
fertilization
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That is: fundamental alteration of 
ecosystems and biogeochemical cycles

Arrigo, Nature (2005)
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One Intended Effect
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An 
increased  
deep ocean 
inventory
of nitrogen

IMAGE: NASA Goddard Space Flight Center

One Intended Effect
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Arguably it cannot be done with acceptable accuracy
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Arguably it cannot be done with acceptable accuracy

Assessing proximate effects of experiments is not enough
(see Cullen and Boyd 2008).
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Another Intended Effect
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Decreased 
oxygen 
concentrations in 
the deep ocean

IMAGE: NASA Goddard Space Flight Center

Another Intended Effect
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Much of the organic 
matter

that is moved 
downward will be 

remineralized
above the “100-year 

horizon”

Oceanus 46(1) 2008



ASLO ASM 2009: John Cullen

Much of the organic 
matter

that is moved 
downward will be 

remineralized
above the “100-year 

horizon”

Oceanus 46(1) 2008

Mid-depths will be 
enriched
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Predictable result: 
greater probability of hypoxic events— but by how much?

2002

11 other years

Rotting dead fish
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Is this likely?

Who or what is to blame?

Could effects ever be ascribed to fertilization?

Must be climate change Must be “IronCorp”
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Will there be unexpected and unwanted effects? 
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Will there be unexpected and unwanted effects? 

http://www.canetoads.com.au/

http://www.canetoads.com.au/Cane%20Toad%202%20Gunlom%20Sept%252703.jpg
http://www.canetoads.com.au/Cane%20Toad%202%20Gunlom%20Sept%252703.jpg
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Can complex 
ecological responses 
be predicted?

Chlorophyll concentration decreased
after open ocean P-fertilization

 In-patch•
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NASA GSFC

We propose that until the side-effects of widespread OIF 
can be shown to be verifiable—and there is good reason to 
believe that they cannot—OIF should not be considered a 

viable technology for climate mitigation.

     Cullen and Boyd, MEPS 2008

IMAGE: NASA Goddard Space Flight Center
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Oceanus Magazine 46(1), 2008

Counter-argument:
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“an incremental thing”
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Ocean Pumping
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The viewer should understand that this Program and those individuals who appear in it 
(with the exception of Dr. Brian Von Herzen) are not affiliated with Atmocean and do 

not endorse Atmocean's designs and applications of our wave-driven upwelling pumps. 

  www.atmocean.com

“This is really exciting for me, 
because once we can prove that 
this technology works, we can 
scale it to millions of pumps.”

Dr. Brian Von Herzen on the Discovery 
program “Hungry Oceans.”
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Oceanus Magazine 46(1), 2008

If you start to see that itʼs going wrong, then you can roll back.”
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1992: Cod stocks were going wrong

http://www.dfo-mpo.gc.ca/media/infocus-alaune/images/20030424/Cod-science003.gif
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Fishing was stopped

http://www.dfo-mpo.gc.ca/media/infocus-alaune/images/20030424/Cod-science003.gif

MORATORIUM ON FISHING
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The cod did not come back

http://www.dfo-mpo.gc.ca/media/infocus-alaune/images/20030424/Cod-science003.gif
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What are the effects 
of large scale ocean 
fertilization?

IMAGE: NASA Goddard Space Flight Center

Three Central Questions: Can 
they be answered?
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What are the effects 
of large scale ocean 
fertilization?

IMAGE: NASA Goddard Space Flight Center

Three Central Questions: Can 
they be answered?

Fundamental alterations of 
marine ecosystems and 
biogeochemical cycles
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What are the effects 
of large scale ocean 
fertilization?

IMAGE: NASA Goddard Space Flight Center

Three Central Questions: Can 
they be answered?

Fundamental alterations of 
marine ecosystems and 
biogeochemical cycles

Can they be 
quantified with 
acceptable 
accuracy?
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What are the effects 
of large scale ocean 
fertilization?

IMAGE: NASA Goddard Space Flight Center

Three Central Questions: Can 
they be answered?

Fundamental alterations of 
marine ecosystems and 
biogeochemical cycles

Can they be 
quantified with 
acceptable 
accuracy?

?
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What are the effects 
of large scale ocean 
fertilization?

IMAGE: NASA Goddard Space Flight Center

Three Central Questions: Can 
they be answered?

Fundamental alterations of 
marine ecosystems and 
biogeochemical cycles

Can they be 
quantified with 
acceptable 
accuracy?

Can negative outcomes 
be attributed to individual 
applications
and remediated?

?
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What are the effects 
of large scale ocean 
fertilization?

IMAGE: NASA Goddard Space Flight Center

Three Central Questions: Can 
they be answered?

Fundamental alterations of 
marine ecosystems and 
biogeochemical cycles

Can they be 
quantified with 
acceptable 
accuracy?

Can negative outcomes 
be attributed to individual 
applications
and remediated?

?

?

Burden of proof is on the proponents,
not on “anti-offset crusaders”
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NASA GSFC

IMAGE: NASA Goddard Space Flight Center

Thank you
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NASA GSFCOne Earth

IMAGE: NASA Goddard Space Flight Center

Thank you


