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experiment was to be on a previously 
unachieved scale of 10,000 km2; it would 
be the first pilot project in a planned 
“Voyage of Recovery” (see Figure 5 
for a sense of the relative size of this 
experiment). The company purchased a 
retired research vessel, Weatherbird II, 
from the Bermuda Biological Station to 
execute the experiment (Environmental 
Protection Agency, 2007). The scale and 
seriousness of this proposal, coupled 
with increasing concerns about risks to 
marine ecosystems, mobilized environ-
mental NGOs. The Canadian-based ETC 
Group called on the US Environmental 
Protection Agency (EPA) to stop the 
Planktos experiment (ETC Group News 
Release, 2007). The World Wildlife 
Fund argued that Planktos was taking 
too big and too dangerous a leap with 
the scale and intent of the experiment, 
especially because it was near the 
Galápagos Islands (Sullivan, 2007). The 
Sea Shepherd Society threatened to block 
Planktos’ fertilization ship physically 

(South Bay, 2007), arguing that it was a 
violation of international laws on marine 
dumping (the London Convention; Sea 
Shepherd News, 2008).

With international law once again 
in question, the legal arguments began 
to mount. The Scientific Group of the 
London Convention issued a June 2007 
statement of concern about Planktos’ 
plan (Scientific Group of the London 
Convention Meeting Report, 2007). In 
a statement submitted at that London 
Convention meeting, the US EPA 
announced that it would not permit 
the Planktos plan to proceed under the 
US Marine Protection Research and 
Sanctuaries Act of 1972 (the US enforce-
ment of the London Convention) if 
Planktos was flying a US flag from 

Weatherbird II (Parks, 2008; Scientific 
Group of the London Convention 
Meeting Report, 2007). Apparently, 
Planktos assured the EPA that it would 
not be sailing under a US-flagged ship 
(International Center for Technology 
Assessment, 2007), which seemed to 
contradict that Weatherbird II was a 
US-registered vessel and would set out 
from a US port for the experiment. 
Because of the proposed experiment’s 
proximity to the Galápagos, the govern-
ment of Ecuador also issued statements 
of alarm (Scientific Group of the London 
Convention Meeting Report, 2007). 

In the fall of 2007, as Planktos’ vessel 
prepared to leave the eastern coast of 
the United States, the full Conference of 
Parties to the London Convention issued 
a statement of concern about the legality 
and wise practice of large-scale ocean 
iron fertilization activities, taking the 
first step toward explicit international 
regulation of iron fertilization (London 
Convention Meeting Report, 2007).

Planktos’ experiment did not take 
place (Courtland, 2008). Citing concerns 
over disruption of their activities, 
Weatherbird II left port headed to an 
undisclosed location in the Atlantic 

Figure 5. The relative sizes of fertilized patches in ocean fertilization experiments, and in demonstrations 
carried out, or proposed, by the private sector. At bottom is an estimate (based on the model of 
Zahariev et al., 2008) of the size of the patch that would result from fertilizing the HNLC regions of 
the Southern Ocean.
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Ocean. When the ship approached the 
Spanish-owned Canary Islands, report-
edly to pick up supplies, the Spanish 
government refused it port entry 
(Consumer Eroski, 2007), a decision 

that Planktos blamed on environmental 
organizations (Thompson, 2008). The 
ship eventually docked in the Portuguese 
island of Madeira to take on needed 
supplies (San Francisco Business Times, 
2007). Investors pulled out of Planktos, 
and, in early 2008, Planktos Corp. ended 
its relationship with Planktos Inc., as 
did Solar Energy Limited. Planktos Inc. 
then suspended operations (Business 
Wire, 2008; Kerry, 2008), citing both 
a lack of funds and a “highly effective 
disinformation campaign waged by 
anti-offset crusaders” (Brown, 2008). 
Several months later in June 2008, Russ 
George started a new iron fertiliza-
tion “ecorestoration” company, named 
Planktos-Science, though there has been 
little activity other than Web posts from 
this company thus far (see http://www.
planktos-science.com/).

Climos’ Path Forward
These events left Climos as the leading 
company involved in the nascent 
commercial iron fertilization business. 

Since its inception, Climos made clear its 
intention to conduct research in collabo-
ration with the scientific community, 
and to this end brought in Margaret 
Leinen, an accomplished oceanogra-

pher, and former Assistant Director for 
Geosciences at the US National Science 
Foundation, to be Chief Science Officer 
(Climos About Us, 2008). Climos’ initial 
plan was to attract substantial business 
investment and to employ environ-
mental consulting firms to produce 
codes of conduct for iron fertilization 
experiments as a first step toward 
eventual verification for carbon credit 
sale (Climos Press, 2007). Climos repre-
sentatives have attended international 
meetings, UN meetings, and scientific 
conferences to participate in debating 
the future of iron fertilization science. 
At the same time, the company has also 
made clear its plans to conduct its own 
technology demonstration (Murray, 
2008). In early 2008, Climos issued a 
press release responding to Greenpeace 
criticisms of plans for commercial OIF 
(Allsopp et al., 2007). In particular, 
Climos challenged what it described 
as Greenpeace’s assumption that OIF 
for carbon sequestration would require 
large-scale and continuous fertilization, 

something that “no commercial entity 
has suggested should take place before 
a period of experimentation” (Leinen 
et al., 2008). On its Web site and in the 
press, Climos has announced plans for a 
Southern Ocean demonstration experi-
ment that would be “part of a new phase 
of research focused on the efficacy and 
impact of moderately sized experiments 
(< 200 x 200 km)” that would “emphasize 
research related to export and sequestra-
tion as well as environmental impact” 
(Climos FAQ, 2008). In a statement to 
the press, Climos officials indicated that 
they hope to conduct their first trial by 
the end of 2009 and to be able to start 
selling carbon credits shortly thereafter 
(Murray, 2008). More recently, Leinen 
has been identified as Chief Executive 
Officer of the Climate Response Fund, 
“a nonprofit organization formed to 
provide funding and support for other 
activities needed to explore innova-
tive solutions to the effects of climate 
change” (Climate Response Fund, 2009). 
At the time of this writing, it is unclear 
whether the formation of this new 
nonprofit organization will influence 
the plans of Climos.

Regulatory Clarity Is  
On The Horizon
In part due to the activities of Planktos, 
Climos is operating in a vastly changed 
regulatory arena than existed in the 
early years of commercial interest in 
ocean fertilization. Planktos’ proposed 
experiment, and the vigorous response 
to it from environmental NGOs and the 
London Convention regulators, showed 
the first signs of a negative feedback 
loop. Up until this point, the trajec-
tory had been continued expansion 
of commercial interest and proposed 

	T he potent intellectual resources that 
have been tied up in the ocean fertilization 
controversy year after year should be freed 
to pursue more effective responses to the 
pervasive threat of carbon dioxide emissions 
and global warming.
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demonstrations, despite the absence of 
direct evidence for commercial claims 
from the results of scientific experi-
ments. After concerns were expressed at 
the 2007 London Convention assembly 
regarding the planned Planktos experi-
ment in fall 2007, representatives met 
again in May 2008. They reiterated their 
concerns about unchecked large-scale 
fertilization activities, and defined 
how iron fertilization fit under the 
jurisdiction of the London Convention 
(Scientific Group of the London 
Convention Meeting Report, 2008). 

That same month, members of the 
UN Convention on Biological Diversity 
passed a decision on iron fertilization 
(UN CBD, 2008), citing the London 
Convention’s statements of concern. 
They requested all member states to 
ensure that ocean iron fertilization 
activities do not take place, with the 
exception of small-scale scientific studies 
in coastal waters (see below), until there 
is adequate scientific basis on which to 
justify these activities. They emphasized 
that the excepted small-scale studies 
could not be used for the generation of 
carbon offset credits. 

While the Convention on Biological 
Diversity did not explicitly define what 
was meant by “small scale,” a report 
submitted by the Intergovernmental 
Oceanographic Commission (IOC), part 
of UNESCO, to the London Convention 
Scientific Group at Guayaquil in 2008, 
proposed that OIF activities greater 
than a size of 200 x 200 km (40,000 km2) 
should be considered “large scale,” and 
anything smaller would remain “small 
scale” (Scientific Group of the London 
Convention Meeting Report, 2008). 
The area 200 x 200 km is two orders of 
magnitude larger than the largest OIF 

experiments to date (Figure 5).
The stipulation of “coastal waters” in 

the CBD statement was largely viewed 
as an aberration, as most coastal waters 
are not iron limited, and this is why 
all previous scientific studies have 
taken place in the open ocean (Owens, 
2009; Alfred Wegener Institute, 2009). 
Nonetheless, because the stipulation 
was written into the UN CBD language, 
members of the LOHAFEX scientific 
team found themselves having to find a 
way to describe their open-ocean experi-
ment as “coastal” in order to proceed. 
Thus, when providing their risk assess-
ment to the German Research Ministry 
during the experiment’s suspension (see 
introduction above), they argued that 
iron fertilization in the Southern Ocean 
would stimulate the growth of “coastal 
species” of phytoplankton, an argument 
that was apparently accepted, as the 
German ministry ultimately allowed the 
experiment to proceed. If science and 
policy are to move forward on this issue, 
lines of communication between sectors 
should be continually improved.

A few months after the Convention 
on Biological Diversity decision, the full 
London Convention took up the issue of 
ocean iron fertilization once more, and 
passed a Resolution on the Regulation 
of Ocean Fertilization, announcing that 
all iron fertilization activities, with the 
exception of “legitimate science,” were 
in violation of the London Convention’s 
regulations on marine dumping. The 
London Convention also decided that 
technical and legal working groups 
would meet in February 2009 to 
determine what constitutes legitimate 
scientific research, establish an assess-
ment framework, and propose future 
regulations under the Convention. A 

multi-step delineated environmental risk 
assessment framework was proposed 
for future experiments, including small-
scale scientific experiments (Report of 
the First Meeting of the Intersessional 
Technical Working Group on Ocean 
Fertilization, 2009). The hope is to avoid 
the kind of controversy and uncertainty 
surrounding LOHAFEX by having a 
system in place to prevent confusion 
between scientific experiments and 
geoengineering projects. 

In May 2009, the Scientific Group of 
the London Convention met to discuss 
the report of the Technical Working 
Group and attempt to further define the 
acceptable ecological impacts of “legiti-
mate scientific research.” Specifically on 
the agenda was a “Draft Action List for 
Ocean Iron Fertilization,” proposed by 
representatives from Australia and New 
Zealand, which lists upper and lower 
limits for nutrient and chemical species 
concentrations (dissolved oxygen, pH, 
nitrous oxide, ammonium, and methane, 
among others) altered in response to 
a small-scale (less than 200 x 200-km) 
scientific experiment. Draft Action Lists 
are used by the London Convention 
process to regulate substances on the 
basis of their effects on the marine 
environment; the 2009 version entitled 
“Ocean Fertilization: Development of a 
Draft Action List” is the first step in the 
process of answering the question, “How 
much of a negative result from OIF is too 
much?” In the fall of 2009, the governing 
body of the London Convention will 
take up the reports from the meeting of 
the Scientific Group. 

What remains unclear is whether 
these assessments of future small-scale 
scientific OIF experiments will be 
conducted at the international level 
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of the London Convention, or by the 
science and research entities of the 
individual countries involved. Future 
regulation of larger-scale and nonscien-
tific OIF activities also remains unclear. 
The Legal Working Group of the London 
Convention proposed a set of possible 
regulatory frameworks, ranging from a 
simply structured nonbinding resolu-
tion against large-scale OIF, to a full 
article amendment to the Convention 
explicitly prohibiting it (Report of the 
First Meeting of the Intersessional Legal 
and Related Issues Working Group on 
Ocean Fertilization, 2009). The working 
groups also avoided resolving the issue of 
whether commercialized carbon credits 
could be sold as a product of “legitimate 
scientific research,” leaving that question 
to the full Convention. What is now 
clear is that the London Convention is 
the central international legal frame-
work for this issue, and that regulation 
of OIF will be a subject of continued 
discussion and debate. 

WHAT HAVE WE LEARNED?
A Repeated Cycle
Looking back, it is obvious that the 
first few years of debate about the iron 
hypothesis were a condensed version 
of the 20 years to follow. Small-scale 
ocean fertilization experiments were 
executed by oceanographers to address 
specific scientific questions; far-reaching 
interpretations, conclusions, and rami-
fications were highlighted by the media 
and by entrepreneurs, prompting a 
response from the scientific community 
urging caution, followed by calls from 
academics and commercial-sector 
proponents of OIF for more research. 
This cycle has played out repeatedly as 
the field of ocean iron fertilization has 

moved forward. And, despite the absence 
of direct scientific evidence for OIF as 
an effective long-term climate mitigation 
tool, appeals for research on its efficacy 
for this purpose have intensified over 
the 20 years since the first experiments, 
leading to larger and longer experiments. 
The dampening feedback from negative 
results, central to the advancement of 
scientific research, seems largely absent 
from this cycle.

The Science Does Not Support 
OIF For Global Geoengineering
Nearly two decades of scientific OIF 
experiments have taught us that iron 
limits productivity in several regions 
of the ocean. We have learned that the 
carbon export response to OIF is highly 
variable—strongly regulated by the avail-
ability of light and silicate as influenced 
by physics, and also sensitive to the 
interplay of many other factors that have 
yet to be resolved. And we have learned 
that on the temporal and spatial scales 
of the experiments, carbon export is 
often quite small due to remineraliza-
tion of the phytoplankton bloom in the 
surface waters. Models show that at the 
limit—assuming complete macronu-
trient depletion and fertilization of the 
Southern Ocean for 100 years—what 
could be expected at most is global 
sequestration of 1.0 Gt C yr-1 (Table 2). 
In all modeled scenarios, the amount 
of CO2 sequestered is small relative to 
the amount predicted to be released by 
fossil fuel burning, and the estimates 
of sequestration have only gotten 
smaller with more experimentation and 
modeling (Denman, 2008). Furthermore, 
models show that in order to maintain 
the carbon sequestration, we would 
have to continue to fertilize the entire 

Southern Ocean with enough iron to 
deplete macronutrients, in perpetuity. 
This scenario is not realistic. 

Uncertainty and Risk
While the uncertainties about the 
efficacy of carbon sequestration from 
OIF as a geoengineering proposal 
are high (Buesseler et al., 2008), the 
certainty of ecological disruption is also 
high. OIF for carbon sequestration is 
designed to initiate a floristic shift to the 
production of larger, bloom-forming 
phytoplankton—in particular, diatoms 
that are heavy and can sink rapidly. This 
fundamental alteration of the base of a 
food web would change the structure 
and biogeochemical function of the 
community that depends upon it. The 
induced blooms would consume the 
excess macronutrients at the surface 
in HNLC regions, which, in combina-
tion with enrichment of deep waters 
(e.g., Fuhrman and Capone, 1991), 
would over time alter the biogeochem-
istry of the global ocean ecosystem. 
Although we cannot predict the precise 
changes that would occur, the only way 
in which iron fertilization can work for 
climate mitigation is to change deep 
ocean chemistry and the way endemic 
marine food webs function. There is 
considerable risk in trusting inherently 
uncertain predictions of such large-scale 
and long-term alterations of the ocean. 

Long-Term Ocean Carbon 
Sequestration from Iron 
Fertilization Is Not Verifiable 
Fertilization-induced changes in 
ecosystem function would not only 
have profound effects on the ecology of 
huge marine ecosystems, but they would 
also affect the potential efficacy of OIF 



Oceanography September 2009 257

as a carbon sequestration strategy. As 
Gnanadesikan et al. (2003) point out, 
in order to accurately model the net 
global benefit of carbon sequestration, 
all downstream effects on biological 
productivity must be counted, including 
potential disruption of fisheries from 
the depletion of macronutrients in the 
source waters of productive ecosystems. 
These negative effects may outweigh 
the benefits of carbon export. Besides 
the potential for changes in net global 
productivity, OIF could stimulate 
nitrous oxide production as a result of 
increased remineralization of carbon 
and nitrogen (Denman, 2008). This 
would result in longer-term and far-field 
changes in nitrous oxide production 
that could potentially offset significant 
amounts of predicted green-house gas 
benefits of OIF (Law, 2008). It can thus 
be argued that measurements associated 
with individual experiments cannot 
be adequate to verify what would 
ultimately be a long-term, large-scale 
effect of many applications of iron 
(Cullen and Boyd, 2008). 

These complex downstream responses 
to ocean fertilization make verifica-
tion of net greenhouse gas reduction 
through fertilization next to impossible 
(Chisholm et al., 2001; Cullen and Boyd, 
2008; Gnanadesikan and Marinov, 2008). 
Furthermore, carbon export measured as 
a result of a fertilization-induced bloom 
would have to be referenced to a baseline 
rate of carbon export. As ocean fertiliza-
tion and carbon flux research has shown, 
this natural rate of carbon export is 
highly variable in space and time; estab-
lishing an appropriate baseline to grant 
carbon credits for individual applications 
would be exceedingly difficult, and rife 
with uncertainty (Figure 6). 

At present, there is no system under 
the Kyoto Protocol’s Clean Development 
Mechanism to provide for carbon 
credits from offsets by marine carbon 
sequestration (Powell, 2007–2008). 
Thus, under the current international 
mechanism, any credits granted 
would therefore have to be sold on 
the currently unregulated “voluntary 
carbon credit market.” Although Climos 
Inc. submitted a carbon sequestration 
methodology to Det Norske Veritas, an 
international verification company, in 
late 2007 (Climos Press, 2007), official 
approval or verification has not been 
given to OIF as a carbon sequestration 
methodology. Nonetheless, in the future, 
international carbon credit regulatory 

systems may well include provisions for 
marine “sequestration” offsets (Powell, 
2007–2008). It will then be very impor-
tant for OIF proponents to show in their 
plans that the effects of wide-scale, long-
term carbon sequestration from OIF 
are predictable, acceptable, and statisti-
cally verifiable across ocean basins over 
decades. In our opinion, assessments of 
individual applications are not enough. 

Should We Continue to Test OIF 
for Climate Mitigation?
Arguments have been made for 20 years 
that OIF should not be pursued as a 
“quick-fix” for the climate problem. We 
hope we have shown that the original 
arguments have not been weakened 

Figure 6. Commercial ocean fertilization, which would involve validated carbon credits, 
would have to demonstrate that the iron-induced bloom would not have otherwise 
occurred. This satellite chlorophyll a image shows the bloom induced by iron addition 
during LOHAFEX (red circle). Three other blooms are circled in black. How would one 
prove that the intentionally fertilized waters, if left alone, would not have bloomed like the 
neighboring waters? Image taken from: http://www.awi.de/en/infrastructure/ships/polarstern/
weekly_reports/all_expeditions/ant_xxv/ant_xxv3/26_february_2009/
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by new evidence over that interval. 
Ocean fertilization will not solve the 
CO2 problem, and if implemented for 
profit, regardless of scale, has the poten-
tial to change the nature of the ocean 
through the “tragedy of the commons” 
(Hardin, 1968). Perhaps it is time to 
break the two-decade cycle of debate 
and accept that we know enough about 
ocean fertilization to say that it should 
not be considered further as a means 
of climate mitigation. But our opinions 
aside—and they are indeed opinions, 
though science-based—a fundamental 
issue remains: the ecological and climate 
mitigation response to OIF is scale-
dependent (Buesseler et al., 2008; Cullen 
and Boyd, 2008), and the biogeochemical 
changes would be cumulative. The only 
way to test OIF as a climate mitigation 
tool (i.e., to see if model projections 
are right) would be to alter much of 
the ocean system, perhaps irreversibly, 
before crucially important negative 
effects could be evaluated with statistical 
confidence. We feel that the risk of doing 
this does not compare well to even the 
most optimistic predictions of potential 
climate mitigation. 

Moving On 
Climate change is already upon us. 
Society needs to know what the ocean 
will be like in a high CO2 world—which 
ecosystems will be at risk as the ocean 
warms and acidifies, and how the altered 
ocean will in turn influence climate. 
Understanding how ocean biogeochem-
ical cycles are linked, and the processes 
that drive these cycles, is essential for 
climate prediction. Transformational 
developments in genomics along with 
rapid advances in ocean observations and 
modeling (Doney et al., 2004) allow us 

to study the ocean as a system on scales 
from molecules to ocean basins, and we 
are poised to fully integrate studies of 
evolution and biogeochemistry (Woese 
and Goldenfeld, 2009). These develop-
ments open new vistas for understanding 
the very basis of life processes, and it is 
these very life processes that, scaled up, 
regulate the concentration of CO2 and 
other greenhouse gases in Earth’s atmo-
sphere. In this context, small-scale ocean 
perturbation experiments are useful 
tools for probing ecological and biogeo-
chemical relationships, and they should 
continue to be used as such. The potent 
intellectual resources that have been tied 
up in the ocean fertilization controversy 
year after year should be freed to pursue 
more effective responses to the perva-
sive threat of carbon dioxide emissions 
and global warming.
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