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• Introduction to the carbon problem
• Early work on ocean carbon 
sequestration
• The Kyoto Protocol and carbon 
trading
• Current plans to sequester carbon 
in the ocean
• International legal response

Ocean fertilization, carbon credits and the 
Kyoto Protocol 
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CO2
 

in the atmosphere is rising…



NOAA’s carbon monitoring assets



…and the impact on climate is discernable.

marian.westley@noaa.gov

“Human 
activities are very 
likely the cause of 
the warming of 
last 100 years.”

Black line: temperature observation from thermometers.
Pink shade: Climate model simulations using all past radiative forcings.
Blue shade: Climate model simulation using only natural forcings (solar, volcanoes).

IPCC WGI SPM 2007



Source: http://earthobservatory.nasa.gov/Library/CarbonCycle/carbon_cycle4.html 



Source: http://earthobservatory.nasa.gov/Library/CarbonCycle/carbon_cycle4.html 

Net flux into 
ocean = 2GtC/yr



How much is a gigaton?



How much is a gigaton?
“One gigaton

 
is equal to the weight of about 

2750 Empire State Buildings, or about 142 
million African elephants.”



How much is a gigaton?
“One gigaton

 
is equal to the weight of about 
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million African elephants.”



142 African Elephants



142 African Elephants: throw them 
overboard 2 million times…



CO2
 

dissolving into the ocean:
CO2

 

+ CO3
2-

 
→ 2HCO3

-
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Source: http://earthobservatory.nasa.gov/Library/CarbonCycle/carbon_cycle4.html 

To sequester 
CO2

 

, you have to 
get it into the 
deep ocean



Direct injection of liquefied CO2

• First proposed by Marchetti
 

in 1977
• Investigated by the DOE and others 
(modeling studies, small scale trial 
injections, ecological impacts)
• Two pilot studies in Hawaii and in 
Norway scheduled for 2002 were 
scrapped following public protest
• Unlikely to be revived



Direct injection of liquefied CO2

Source: www.lbl.gov

www.lbl.gov



Injection of CO2 into subseabed
 

formation

1 million tons of CO2

 

per year = 0.27 million tons carbon = 39,000 A.E.



Source: Chisholm, S.W. 2000. Nature 407, 685-687 
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What other mechanism could transfer CO2
 into the deep ocean?

“Biological 
pump”



Phytoplankton 
require light and 
nutrients to grow

But some regions 
appear to have 
plenty of nutrients 
but very little 
phytoplankton 
biomass

Why consider the biological pump?
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The iron hypothesis

Dr T. J. Hart, 1925-1927 Discovery 
Expedition to the Southern Ocean:

“The greater richness of the neritic
 seas remains inexplicable unless we 

assume that minute quantities of 
inorganic compounds, as iron and 
manganese, or of organic compounds 
derived from the land, exert a 
strongly favorable influence on 
diatom growth.”



The iron hypothesis: “Fe supplies may be limiting 
phytoplankton growth”

 
-

 
Martin and Gordon, 1988

Paleoclimate: CO2

 

has positive correlation with 
temperature, negative correlation with dust. 
Link = efficiency of biological pump(?)

Martin 1990



Field testing the iron hypothesis.

White crosses: iron addition experiments since 1993. 
Red crosses: natural iron enrichment investigated. 
Source: Boyd et al., 2007, Science 315: 612
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All experiments resulted in blooms.

SERIES: Subarctic 
Ecosystem Response to Iron 
Enrichment Study, 2002

SOIREE: Southern 
Ocean Iron Release 
Experiment, 1999



But carbon export not obvious…

Boyd et al., 2007, Science 315: 612



But carbon export ambiguous…

Boyd et al., 2007, Science 315: 612



Other ideas include 
adding urea to low 
nitrogen regions: 
attempt to perform 
experiment in Sulu 
Sea was blocked in 
2007

Or pumping 
nutrient-rich deep 
waters to the surface 
in low nutrient 
regions: field test 
May 2008



Is there a financial incentive?



ARTICLE 2: The ultimate objective… is to achieve… 
stabilization of greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system.
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United Nations Framework Convention on 
climate change.

 
U.S. ratified in 1992
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Kyoto Protocol (1997): commits Annex I 
(developed) countries to caps on total 
emissions. Calls for national GHG source 
and sink accounting and includes “flexible 
mechanisms” for achieving targets.



State and trends of the carbon market, 2008
Karan Capoor and Philippe Ambrosi

82 M. 
A.E.

116 M. 
A.E.
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Article 3.3: net changes in GHG 
emissions from afforestation, 
reforestation and deforestation that 
occurred since 1990, can be used to 
meet

 
Parties’ emission reduction 

commitments.

Article 3.4: Parties may include 
forest, cropland and grazing land 
management and revegetation

 
in 

their GHG accounting for the first 
commitment period. 

Kyoto Protocol Article 3 and the 
terrestrial carbon cycle



No equivalent for ocean carbon sinks

Ocean carbon sinks and international climate policy, 
Rehdanz, Tol

 
and Wetzel, Energy Policy 2006



What projects generate carbon credits?

Forestry projects controversial
Generate temporary CERs

Reverification
 

@ 5yrs

Ocean fertilization is 
most like afforestation

How to verify?
And reverify??

Clean Development Mechanism



Commercial interest in ocean fertilization.
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1999: Michael Markels, Jr, files U.S. 
patent # 6,056,919 for method of 
sequestering CO2

 

in the ocean using 
iron and other fertilizers: anticipates 
CO2 regulation

2002: Russ George founds 
Planktos

 
to tackle global 

warming and the global 
collapse of phytoplankton(?). 
Anticipates voluntary market



Commercial interest in ocean fertilization.

2006: Margaret Leinen
 

becomes 
Chief Scientific Officer for son’s 
company, Climos. Following 
Kyoto-like procedures but 
anticipating voluntary market

May 2008: Dave Karl and 
Atmocean

 
attempt to pump 

deep water to the surface 
using wave driven pumps 
attached to long tubes. 
Pump breaks.



Scientists

Lawyers

Entrepreneurs

Carbon traders



Can we measure export? How well and over 
what time scale? Are we being honest?

Source: Chisholm, S.W. 2000. Nature 407, 685-687 
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Already concerns about fraud in US
26.02.08

Senator calls on traders to 

avoid “fraud” in emerging US carbon 

market
California Senator Dianne Feinstein 

today called on the North American 

carbon trading community to endorse 

measures designed to prevent fraud in 

the growing market for greenhouse gas 

emission reductions. 
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What other impacts could be important?

• Iron limitation = inefficient use of macronutrients
• Successful iron addition means macronutrients 
used and exported to deep ocean so not available 
downstream
• In Kyoto terms, this would have to be accounted 
for as “leakage”
• O2

 

, N2

 

O and CH4

 

impacts may also happen later 
and far away—these would have to be subtracted 
from carbon credits
• Adding nutrients likely to cause ecosystem shifts
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And what about those lawyers?

UNCLOS Article 192: 
States have the obligation to protect and 
preserve the marine environment.

1972 London Dumping Convention (1996 Protocol)
… to prevent the pollution of the sea by the 
dumping of waste and other matter

United States Marine Protection, 
Research and Sanctuaries act
…prohibits dumping from US flagged 
ship or of material from US port



Iron fertilization gets on the agenda at the 
London Convention/London Protocol
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“…given the present state of knowledge, 
ocean fertilization activities other than 
legitimate scientific research should not be 
allowed.”

 
London, October 31 2008
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• Excellent science on iron limitation 
and primary production
• Commercial interest excited by the 
Kyoto Protocol
• Not clear that Kyoto Protocol 
credits could be generated
• In the meantime, it looks like ocean 
fertilization will be restricted by law

Ocean fertilization, carbon credits and the 
Kyoto Protocol 
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Questions? 
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