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Intended and Unintended 
Consequences of Large-Scale 
Ocean Fertilization



1988

The “Iron Hypothesis” gains prominence

Nature 331 p341-343 1988



1990 

First
surge of
publicity



February 
1991 

Scientists 
tackle the 
issue 
head-on
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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.



Plans revealed in the media

200 boats
8.1 million tons of iron
16 million square miles of HNLC ocean
$16 billion

Sequestration of 8 gigatons of CO2
per year

WIRED - November 2000



Recurring theme:

Unrecognized Potential Side Effects

Successful 
fertilization must 
change water 
transparency

Tomascik et al. 1993
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Another idea

Fertilization of Ocean Waters with Nitrogen 
will Provide Food and Sequester Carbon

http://www.oceannourishment.com
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Mississippi ‘Dead Zone’

Low oxygen water… has spread across 
nearly 5,800 square miles of the Gulf of 
Mexico

Nutrient input the cause

Plankton Biomass

oxygen concentration 
(red and orange very low)

Chisholm slide



Both “High-Nutrient, Low-Chlorophyll” and Open-Ocean 
Blue Waters have been identified as Targets

Stimulate nitrogen fixation (and strip P from surface layer)

Transformation of Food Webs

After a slide presented by John Cullen, PICES IX, Hakodate, 24 October 2000
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Objections were raised
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A range of views

Barely accessible 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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A more realistic target: one “Wedge”

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

Seven “wedges”, each
representing 1 GtC/y
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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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Major program of 
iron fertilization 

announced

March, 2007
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NGOs raise concerns
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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 is
finally gaining recognition
in ocean policy
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4. Such an evaluation should include, among other things, consideration of: 
 

1. the estimated amounts and potential impacts of iron and other 
materials that may be released with the iron; 

 
2. the potential impacts of gases that may be produced by the expected 

phytoplankton blooms or by bacteria decomposing the dead 
phytoplankton; 

 
3. the estimated extent and potential impacts of bacterial decay of the 

expected phytoplankton blooms, including reducing oxygen 
concentrations; 

 
4. the types of phytoplankton that are expected to bloom and the 

potential impacts of any harmful algal blooms that may develop; 
 
5. the nature and extent of potential impacts on the marine ecosystem 

including naturally occurring marine species and communities; 
 
6. the estimated amounts and timescales of carbon sequestration, 

taking account of partitioning between sediments and water; and 
 
7. the estimated carbon mass balance for the operation. 

 

Basically, a call for an
environmental impact assessment
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…and markets will require stringent verification 

One example of a developing carbon trading standard
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Key Requirements for Verification
Measurable – within standard margins of 
measurement error (e.g., +/- 3%)

Secondary effects of the project must be 
quantified

Permanent – with mechanism for immediate 
replacement or compensation if GHG 
reduction is reversed
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“the project boundary shall
encompass all anthropogenic emissions
by sources of greenhouse gases
(GHG) under the control of the project
participants that are significant and
reasonably attributable to the
project activity.”

Key Concept:
Project Boundary
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What is the Project? ~ 25 Gt(C) over 50 years

Seven “wedges”, each
representing 1 GtC/y
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If ocean fertilization is to 
significantly influence atmospheric 

carbon dioxide, the project 
boundary is the whole ocean.

NASA GSFC
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CO2 + Nutrients → Organic MatterCO2 + Nutrients → Organic Matter
sinking
particles
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Primary production

Decomposition
CO2 + Nutrients ← Organic MatterCO2 + Nutrients ← Organic Matter

CO2

Organic C

Objective:
Promote nutrient utilization 
in the surface layer
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CO2 + Nutrients → Organic MatterCO2 + Nutrients → Organic Matter
sinking
particles
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Primary production

Decomposition
CO2 + Nutrients ← Organic MatterCO2 + Nutrients ← Organic Matter

CO2

Organic C

Result:
Organic matter sinks and 
decomposes in the deep sea
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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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An 
increased  
deep ocean 
inventory
of nitrogen

IMAGE: NASA Goddard Space Flight Center

One Intended Effect
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Iron
Iron

Organic NOrganic N

PhytoplanktonPhytoplankton
BloomBloom

NHNH44

N N remineralizationremineralization

COCO22

NONO33
--

NN22

NN2200 Nitrous oxideNitrous oxide
• Greenhouse gas 

• 300x CO2

Lower Lower 
Oxygen WatersOxygen Waters

After a slide from S.W. Chisholm
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Secondary effects must be quantified
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Arguably it cannot be done with acceptable accuracy
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Decreased 
oxygen 
concentrations in 
the deep ocean

IMAGE: NASA Goddard Space Flight Center

Another Intended Effect
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Predictable result:
greater probability of hypoxic events

2002

11 other years

Rotting dead fish
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Who or what is to blame?

Must be climate change Must be “IronCorp”
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A Third Intended Effect 

Arrigo, Nature (2005)

Fundamental 
alteration of 
nutrient ratios 
and the limiting 
nutrients: 
factors that 
structure pelagic 
ecosystems
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Prediction is beyond 
our capabilities 

Chlorophyll concentration decreased
after open ocean P-fertilization

In-patch•
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Unintended Effects 

http://www.canetoads.com.au/
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What are the effects 
of large scale ocean 
fertilization?

IMAGE: NASA Goddard Space Flight Center

Three Central Questions

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?

No

No
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NASA GSFC

Proposition:

Ocean fertilization for carbon offsets 
cannot be verified so it is not a viable 

technology for climate mitigation.

IMAGE: NASA Goddard Space Flight Center

Thank you


