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Overview. 

The strength of the workshop was that it brought together scientists, entrepreneurs and policy makers to 
meet face-to-face and discuss the contentious issue of ocean fertilization to sequester atmospheric 
carbon dioxide. While the final statement published from the workshop was not unanimous, the meeting 
did produce a better understanding between traditionally disparate groups. 

Findings: 

Three major finding came from the workshop including: 1) the efficacy of carbon dioxide sequestration by 
ocean fertilization; 2) the need for guidelines to govern the relationship among scientists, industry and 
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government entities; and 3) the need for a governance structure with authority over ocean fertilization. 
On the basis of present scientific information, ocean fertilization with iron as a carbon dioxide mitigation 

strategy can not be ruled out. However, given the present state of knowledge and technology, it 
is premature to justify carbon credits for ocean fertilization. In particular, computer models predict that at 
best only a few percent of the anticipated increase in atmospheric carbon dioxide will be sequestered in the 
ocean. Achieving this degree of sequestration would entail major alterations of the ecosystem. In addition, 
fertilization of high nutrient, low chlorophyll regions could result in low dissolved oxygen conditions and 
subsequent increase in marine emissions of more potent greenhouse gases such as nitrous oxide and 
methane as well as dimethyl sulfide (which influences cloud formation) and halogenated compounds that 
are important for the oxidation capacity of the atmosphere. 

industry and government officials should include the following: transparency of collaboration, public 
access to data, shared commitment to advance the understanding of carbon cycle science, governmental 
responsibility (for example an environmental assessment requirement) and mechanism for addressing 
liability for foreseen and unforeseen circumstances. 

ocean fertilization, although many elements of existing treaties and conventions may be applicable 
to some portion of ocean fertilization. 

Recognizing that the global ocean common requires special governance, partnerships between scientists, 

No appropriate intergovernmental governance structure has been identified with specific authority over 

Activities: 

A public briefing on April 23,2001 was conducted on Capital Hill to increase public understanding of 
ocean fertilization and provided a general overview of the scientific and legal uncertainties behind this 
mitigation strategy. 

A two day closed workshop of 30 international scientists, industrialists and government officials in 
Washington, DC. 

A brief video clip from the SoFex fertilization cruise to the Southern Ocean in January 2002 will be 
available on the Moss Landing Marine Laboratory website. The video was shot by the 
scientists on board. The purposes are to demonstrate how iron fertilization experiments are conducted and 
to show the effects of adding iron to High Nutrient Low Chlorophyll oceanic regions. 

Journal Publications: 

Workshop participants, "The Scientific and Policy Uncertainties Surrounding the Use of Ocean 
Fertilization to Transfer Atmospheric Carbon Dioxide to the Oceans", Bulletin of Limnology and 
Oceanography, vol. 10, (2001), p. 51. Published 

Distribution: 

The summary document was distributed internationally by the workshop participants; many of whom are 
scientific leaders in their respective countries. Copies were also distributed at the IOC (Intergovernmental 
Oceanographic Commission of UNESCO) sponsored conference- Oceans and Coasts at Rio + 10- towards 
the 2002 World Summit on Sustainable Development, Johannesburg', Paris, France December3-7,2001. 

The summary statement and transcripts of the Capital Hill Briefing are available online at the ASLO 
website. http:Naslo.org/meetings/carbon2OO1 

Contribution to Oceanography: 

http:Naslo.org/meetings/carbon2OO1
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The workshop was a first for many international oceanographers to interact with industry (venture 
capitalists) and policy experts. The Summary Statement demonstrates that these groups can work together 
more closely despite an unease amongst many research oceanographers about allowing industry 
to fund basic research. The workshop provided a modest beginning for scientists to better understand other 
interests in ocean fertilization. 

Contributions to Other Disciplines: 

Industry participants in the workshop included venture capitalists and engineering consultants who 
generally do not interact with academic oceanographers. The workshop provided an opportunity for 
personal relationships to be developed. These relationships may be critical as (or if, Carbon trading 
becomes more acceptable as a mitigation strategy for global warming. 

Contributions to Education and Human Resources: 

The overheads and transcripts from the Capital Hill briefing are freely available to the public on the ASLO 
website. The intended audience are students (undergraduates and senior high school) and 
interested citizens worldwide all of whom will gain a better understanding of a very exciting but 
contentious scientific topic. 

Contributions Beyond Science and Engineering: 

The workshop brought together a very diverse group of experts including scientists, policy experts and 
industry personal to discuss and highlight a contentious scientific topic- intentional fertilization of high 
nutrient, low chlorophyll (HNLC) regions of the ocean to sequester atmospheric carbon dioxide. 
Oceanographers have repeatedly demonstrated that these HNLC regions are iron limited using 
small-scale field experiments. Several industries including Green Seas Ventures (USA), Norsk Hydro 
(Norway), and the Ocean Technology Group (University of Sydney, Australia) are interested in this process 
for potential carbon trading in the future. 

The summary statement, web presentation and public briefing have informed the public on an issue that 
has periodic press coverage and likely many future political ramifications. By publicizing the issue 
now, a dialogue amongst disciplines will hopefully emerge overtime. Oceanography has traditionally been 
a science funded by government agencies. The new interest and possible funding from industry requires 
that oceanographers respond in a manner consistent with traditional scientific practices or risk losing the 
objectivity that surrounds fundamental research. This workshop was an initial step to highlight 
the need to develop a code of conduct and governance structure before political pressures prevent their 
development in the future. 
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EXECUTIVE SUMMARY 

A three day workshop was organized in April 2001 in Washington, DC consisting of scientists, 
policy experts, and entrepreneurs to explore the proposed use of iron fertilization in the High 
Nutrient Low Chlorophyll regions, notably the Equatorial Pacific and Southern Oceans, to 
actively sequester atmospheric C02. Industry interest on this topic stems from the potential of 
carbon trading in future climate change treaties. The participants were predominantly from the 
United States, but representatives from 12 other countries were present as well. The workshop 
consisted of a half-day overview briefing for the public on Capital Hill; two days of closed 
breakout sessions on specific topics, and a final halfday to develop a consensus statement. The 
final statement was endorsed by a majority of the participants. The consensus statement, as well 
as the transcripts and overheads from the Capital Hill Briefing are all available to the public on 
the ASLO website (www.aslo.org/meetings/carbon2001). The statement was also distributed at 
the Global Conference on Oceans and Coasts at Rio+lO, December 3-7,2001, Paris, France in 
preparation of the World Summit for Sustainable Development. 

Based in part on the final outcome of the workshop, a larger scientific symposium on ocean 
carbon sequestration is planned for 2003 by SCOR (Scientific Committee for Oceanic Research) 
and the IOC (International Ocean Commission). 



INTRODUCTION 

The concentration of carbon dioxide (C02) in the atmosphere is predicted to more than double 
over the next 100 years under present fuel consumption rates and projected increases in demand 
worldwide. The consequences of this increase are not completely understood. However, there is 
broad agreement among the scientific community that a doubling of C02 will cause significant 
global warming, with many environmental consequences. 

In response to these projections, a concerted effort by government agencies, industries, 
universities and other non-government organizations is underway to study the feasibility of 
sequestering and storing a portion of atmospheric C02 in various repositories including 
reforestation, to store carbon in the biomass of trees, and direct injection of the gas in geologic 
formations such as oil wells and into the deep ocean. Still another proposal is to sequester C02 by 
fertilizing certain areas of the ocean, thereby stimulating the growth of microscopic marine algae 
which would ultimately sink and store carbon in the deep sea. 

This workshop focused on the last option-sequestering C02 in the deep ocean by utilizing the 
ocean’s ‘biological pump.’ The ocean covers over 70% of the earth’s surface. These waters teem 
with tiny cells called phytoplankton that utilize C02 and water in photosynthesis to reproduce, 
fueling marine food webs. In addition, phytoplankton require macronutrients such as nitrogen and 
phosphorus and micronutrients, notably iron. In large stretches of the Equatorial and Sub-Arctic 
Pacific Ocean as well as the Southern Ocean near Antarctica, macronutrients go unutilized 
because iron is in short supply. Several scientific expeditions have added iron to small patches of 
these areas and produced dramatic increases (‘blooms’) in phytoplankton cells thereby priming 
the ocean ‘biological pump.’ 
There is commercial interest in stimulating phytoplankton blooms to sequester C 0 2  for potential 
carbon credits. At least three private-sector groups are now studying the feasibility of large-scale 
commercial operations. The idea sounds seductively simple - add iron to the ocean to spur 
phytoplankton growth; then the phytoplankton cells die and sink to the deep ocean, taking C02 in 
the form of organic carbon with them. There are, however, many reasons to question this 
proposed carbon sequestration technology. To mention a few: 
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Nutrient enrichment of aquatic ecosystems causes dramatic changes in species 
composition at all levels of the food chain, and known to cause toxic algal blooms. 
Sustained fertilization could potentially cause areas of the deep ocean to be deprived of 
oxygen, which could stimulate the growth of bacteria that release other gases, notably 
N20, that is 290 times more powerful than C02 as a greenhouse gas. 
The effects of nutrient enrichment of ecosystems are very difficult to predict and to fix 
when problems arise. 
Computer generated models show that sustained fertilization of certain oceans with iron 
could paradoxically cause others to become less productive, possibly influencing the 
worldwide distribution of fisheries. 
Models also show that even the most comprehensive plan of ocean fertilization could at 
best forestall the increase of atmospheric C 0 2  by only several years. 
The High Seas-areas outside the Exclusive Economic Zones of individual countries-are a 
“Commons” owned by all nations. Yet, legal questions about ocean fertilization have not 
been addressed. Does Ocean fertilization constitute “ocean dumping” prohibited by the 
London Convention? If the Ocean Commons were fertilized, who would provide the 
framework for quantifying the effects and ensuring environmental protection? Who 
would assume the risks? 
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Some scientists feel that we already know enough about the effects of nutrient enrichment on 
aquatic ecosystems to prohibit commercial ocean fertilization. Others think we need to do more 
research before closing the door to this technology. The briefing and subsequent closed workshop 
initiated broad-based discussions among stakeholders to try to develop a framework for resolving 
these issues. 



CONSENSUS STATEMENT 

The Scientific and Policy Uncertainties Surrounding the Use of 
Ocean Fertilization to Transfer Atmospheric Carbon Dioxide to 

the Oceans 
A summary statement drafted by participants in a workshop. 

American Society of Limnology and Oceanography (ASLO) 

Published in the limnology and Oceanography Bulletin; 1 O(3): 51 -53 and 
www.aslo. org/meetings/carbon200 1, 

April 25, 200 1 Washington D. C. 

Carbon dioxide (CO2) is being emitted to the atmosphere in unprecedented amounts and 
the rate is accelerating. The control of this and other greenhouse gases must be made an 
international priority, and reducing anthropogenic emissions of C02 is of primary 
importance. Additional mitigation measures may also be required, however, including 
carbon sequestration strategies. One of the strategies being considered involves adding 
iron, a plant nutrient, directly to surface seawater in key ocean areas to stimulate 
phytoplankton growth and use the ocean’s ‘biological pump’ to deliver carbon to the 
deep sea. This procedure may have the potential to sequester atmospheric C02 for 
centuries. 

ASLO invited an international group of experts from academia, industry and government 
agencies to discuss the scientific and legal issues surrounding intentional fertilization of 
the ocean. These issues included the limits to our understanding of the ocean carbon 
cycle, the potential for stimulating ocean productivity, the environmental risks of ocean 
fertilization, and the appropriate intersection of science, government and industry in the 
pursuit of this possible C02 mitigation option. Although the group was not unanimous on 
all issues, the workshop generated the following findings and recommendations: 

FlNDlNG 7. Re: Carbon dioxide sequestration by ocean fertilization 

On the basis of available scientific information, we cannot dismiss ocean fertilization 
with iron as a mitigation option. However, computer models predict that it would at the 
very best reduce the expected increase of atmospheric CO.2 by a small percentage. 
Achieving this degree of sequestration would entail major alterations of the ecosystem - 
such as changes in food web structure and biogeochemical cycles - as has been 
demonstrated in several research experiments to date. These changes will have unknown 
consequences, some of which will be inherently unpredictable. 

There is commercial interest in small-scale fertilization experiments to better understand 
the ocean carbon cycle and to take advantage of anticipated carbon credits. Given the 
present state of knowledge and technology, it is premature to justify carbon credits for 
ocean fertilization. 

For example: 

1 There is no current capability to verify the amount and time scales of CO;! 



sequestration resulting from ocean fertilization. 
2 It is difficult to assess biogeochemical and ecological consequences of 

fertilization in patches. Far-field, long-term and cumulative effects of nutrient 
applications must be described. This will require computer models validated 
through observations and process studies. 
Fertilization will very likely result in increased marine emissions of 
atmospherically important substances, with unknown consequences. These 
emissions include the potent greenhouse gases nitrous oxide and methane, as well 
as dimethyl sulfide (which influences cloud formation) and halogenated 
compounds that are important for the oxidation (cleansing) capacity of the 
atmosphere. 
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More fundamentally, there are profound deficiencies in our understanding of a broad 
range of ocean-atmosphere processes that must be addressed in order to assess the role 
of the oceans in climate regulation both through natural (via atmospheric mineral 

matter) and intentional iron enrichment. 

Recommendation 1 : 

ASLO and other partners should initiate plans to convene an internationally 
sponsored symposium to address the role of marine primary productivity in 
climate change, including natural events and intentional fertilization of the 
ocean. The symposium should bring together appropriate scientific and 
policy experts to summarize the scientific and legal uncertainties behind 
ocean fertilization. 

F//VD//VG 2. Re: Guidelines for the relationship among scientists, industry 
and government 

Recognizing that the global ocean common requires special governance, and that both 
private and public resources will be used for carrying out the necessary scientific and 
policy research, partnerships should be created among academic scientists, industry, and 
government . 

Examples for partnerships may come from the biomedical field, as well as other 
agreements governing the use of the sea. 

Recommendation 2: 

In addition to accepted standards for any public-private partnership such as 
transparency, public access to data, and peer review, the partnerships must 
include: 

1 

2 

Shared commitment to advance the understanding of carbon cycle 
science 
Governmental responsibility, for example an environmental 

assessment requirement and the notification of potentially affected 
citizens 

3 Mechanisms for addressing liability for foreseen and unforeseen 
circumstances. 

F//VD//VG 3. Re: Governance structure 



No appropriate intergovernmental governance structure has been identified with 
specific authority for ocean fertilization, although many elements of existing treaties 
and conventions may be applicable to some portion of the ocean fertilization issue. 

International agreements on activities in the high seas have, for example, advanced the 
principles of a precautionary approach, the liability of polluters (‘$polluter pays”), 

transgenerational equity, and sharing knowledge and benefits. 

Recommendation 3: 

Review and oversight of intentional ocean fertilization should occur through 
an international mechanism. To initiate its development, the results of this 
workshop should be disseminated to the secretariats of the appropriate 
international, intergovernmental and government organizations for their 
consideration and action. 

In the meantime, the international scientific community should start to 
develop a code of practice for guiding ocean fertilization research. ASLO 
should approach other scientific organizations (e.g., the Scientific 
Committee on Ocean Research, SCOR) and societies to initiate the formation 
of these guidelines. 
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AGENDA FOR OCEAN FERTILIZATION WORKSHOP 
April 23-25, 2001 

April 23,2002 

Overview of Scientific and Policy Uncertainties Surrounding Ocean Fertilization to 
Remove Atmospheric Carbon Dioxide 

Location: U.S. House of Representatives, Rayburn Office Building, Room 2 168 

NOTE: Transcripts and overheads from the Hill  Briefing can be found on 
the ASLO Website (ht tg : //aslo. org/meetings/carbon2 001 / )  

9:OO-9: 10 Welcome and Introduction to Session 
Jonathan Phinney, ASLO Executive Director (Moderator) 
Bruce Molnia, House Ocean Caucus 

9: 10-9:30 Ocean Fertilization: Overview of the Issues 
(Penny Chisholm, MIT, Cambridge, MA) 

SCIENTIFIC AND POLICY SESSIONS 

9:30-10:00 

10:00-10:30 

10: 30- 10: 45 

10:45-11:15 

11: 15-11 :45 

11:45-12: 15 

The Biological Pump and the Ocean Carbon Cycle 
(David Karl, University of Hawaii, Honolulu, HI) 

Overview of Fe Enrichment Experiments in the Open Ocean: 
1) FeEx (Equatorial Pacific Ocean); 2) SOIREE and EisenEX 
(Southern Ocean) 
(Kenneth Coale, Moss Landing Marine Laboratory, Moss 
Landing, CA) 

Break 

The Law of the Sea, London Convention and Kyoto Accord as 
It Relates to Ocean Enrichment. 
(Geoff Holland, Past Secretary International Ocean Commission 
(IOC), Chairman of the Advisory Committee on Protection of the 
Sea (ACOPS), Department of Fisheries and Oceans, Canada) 

Biogeochemical Manipulation of Aquatic Ecosystems - What 
Can We Learn >From Limnology and Past Nutrient 
Enrichment of Lakes? 
(Jonathan Cole, Institute of Ecosystems Studies, Millbrook, NY)  

Uncertain Relationships Between Scientific Research and 
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12:15 

Commercial Interests in Ocean Fertilization. 
(John Cullen, Dalhousie University, Halvax, Nova Scotia, 
Canada) 

Lunch and Adjourn 

Closed Session 

2:OO-3:20 PM Agency and lndustry Perspectives (Panel Discussion 15 minute talk 
and 5 minute questions) 

The view from the EC on Ocean Fertilization Klaus-Gunther Barthel 
European Commission, Research Directorate General 

The US Science Agencies interest and Role in Ocean Fertilization 
Don Rice, National Science Foundation. 

Green Sea Venture: The Vision. Chip Kruger, Green Sea Venture Inc, USA. 
Fertilizing Coastal Waters with Nitrogen Ian Jones, University of Sydney, 

Australia. 

3:20 - 3:45 Break 

3:45-5:30 Group Discussion and Assignments of Breakout Groups. 

April 24 (Tuesday) 

8:30-4:30 Break-out groups met 

The following provisional guidelines were used to steer the breakout sessions. 

DO we already know enough about ocean fertilization to determine whether this technology 
should be used to sequester carbon? If the answer is yes, what course should we take? Ifthe 
answer is no, what are the next steps? This debate would center on whether the known and 
suspected long term consequences of ocean manipulation are detrimental enough to 
warrant a statement from the scientific community to ban intentional fertilization from the 
list of remediation actions. If not, what would we need to know to decide, and is it 
knowable? 
Assuming that commercial experimentation will go ahead, should there be a clear 
division between publicly funded scientific research and private-sector research and 
development for intentional manipulation of the ocean? Issues include the possibility 
that fertilization of the ocean will become established as a routine procedure through 
collaboration between commercial ventures and scientists in research projects. At what 
point does scientific research stop and commercial venture begin? Will the transparency 



that generally guides scientific research (open communication and publication) be 
compromised by commercial investment. Should scientists and corporate collaborators 
be able to claim carbon credit “futures” from experiments that are done with government 
funding? 

How do we manage the Ocean Commons? Is it realistic to think that ocean fertilization 
could be a manageable industry? How would carbon export be monitored? Whose 
jurisdiction would it be under? Who would be held liable if ecological damage was 
done? Who would be responsible for sustained ocean monitoring that is essential to 
evaluate the efficacy and environmental consequences of these procedures. Who 
decides if ecological ‘damage’ is occurring and who is liable for the damage? 

April 25 Wednesday 

8:30-12:OO Report on consensus document from group leaders 
Draft 2 page executive summary and approve recommendations 
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J. DescriptiodAbstract 

A three-day workshop was organized in April 2001 in Washington, DC consisting of scientists, policy 
experts, and entrepreneurs to explore the proposed use of iron fertilization in the High Nutrient Low 
Chlorophyll regions, notably the Equatorial Pacific and Southern Oceans, to actively sequester atmospheric 
C02. Industry interest on this topic stems from the potential of carbon trading in future climate change 
treaties. The participants were predominantly from the United States, but representatives from 12 other 
countries were present as well. The workshop consisted of a half-day overview briefing for the public on 
Capital Hill; two days of closed breakout sessions on specific topics, and a final half-day to develop a 
consensus statement. 

Three major finding came fiom the workshop including: 1) the efficacy of carbon dioxide 
sequestration by ocean fertilization; 2) the need for guidelines to govern the relationship among scientists, 
industry and government entities; and 3) the need for a governance structure with authority over ocean 
fertilization. On the basis of present scientific information, ocean fertilization with iron as a carbon dioxide 
mitigation strategy can not be ruled out. However, given the present state of knowledge and technology, it 
is premature to justify carbon credits for ocean fertilization. In particular, computer models predict that at 
best only a few percent of the anticipated increase in atmospheric carbon dioxide will be sequestered in the 
ocean. Achieving this degree of sequestration would entail major alterations of the ecosystem. In addition, 
fertilization of high nutrient, low chlorophyll regions could result in low dissolved oxygen conditions and 
subsequent increase in marine emissions of more potent greenhouse gases such as nitrous oxide and 
methane as well as dimethyl sulfide (which influences cloud formation) and halogenated compounds that 
are important for the oxidation capacity of the atmosphere. 

scientists, industry and government officials should include the following: transparency of collaboration, 
public access to data, shared commitment to advance the understanding of carbon cycle science, 
governmental responsibility (for example an environmental assessment requirement) and mechanism for 
addressing liability for foreseen and unforeseen circumstances. 

over ocean fertilization, although many elements of existing treaties and conventions may be applicable 
to some portion of ocean fertilization. 

Recognizing that the global ocean common requires special governance, partnerships between 

No appropriate intergovernmental governance structure has been identified with specific authority 

The final statement was endorsed by a majority of the participants. The consensus statement, as well as the 
transcripts and overheads from the Capital Hill Briefing are all available to the public on the ASLO website 
(www.asIo.org/meetings/carbon200 I). The statement was also distributed at the Global Conference on 
Oceans and Coasts at Rio+lO, December 3-7,200 1, Paris, France in preparation of the World Summit for 
Sustainable Development. Based in part on the final outcome of the workshop, a larger scientific 
symposium on ocean carbon sequestration is planned for 2004 by SCOR (Scientific Committee for Oceanic 
Research) and the IOC (International Ocean Commission). 


