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Kemi Fuentes-George*

Abstract

States, transnational networks of scientists, corporate actors, and institutions in the
climate change regime have known for decades that iron ore, when dumped in the ocean,
can stimulate the growth of plankton. Over the past twenty years, normative disagree-
ments about appropriate behavior have shaped international governance of the phenom-
enon. Prior to 2007, firms lobbied governments to treat the oceans as a carbon sink and
to allow corporations that dumped iron to sell carbon credits on the international mar-
ket. However, after 2007 a transnational coalition of oceanographers and advocates
opposed this agenda by linking it to an emergent antigeoengineering discourse. Crucial
to their efforts was their interpretation of uncertainty: for opponents, scientific uncer-
tainty implied possibly devastating consequences of iron dumping, which was thus best
addressed with extreme caution. This normative approach ultimately shaped governance,
since advocates successfully used it to lobby institutions in ocean governance to prevent
carbon credits from being issued for ocean fertilization. Since these subjective under-
standings of certainty influenced global ocean governance, this article explains inter-
national behavior as a consequence of changing norms.

Geoengineering is an entirely derogatory spin term. If they can pin that to
you, you've lost already.

— Russ George, interview with Scientific American, October 24, 2012

The oceans, through biological and chemical processes, can absorb millions of
tons of CO, from the atmosphere. After the adoption of the UN Framework
Convention on Climate Change (UNFCCC), firms in the United States began
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lobbying to permit the sale of carbon credits from ocean iron fertilization (OIF).
OIF is a procedure through which iron is added to the oceans to stimulate
plankton growth. In theory, the plankton blooms would then capture CO,
and sink to the bottom of the ocean. Firms believed that OIF would be a
cost-effective way to reduce atmospheric greenhouse gases when compared to
contemporary carbon storage methods, and argued that international society
should let them sell offset credits generated from this process to states with
emissions requirements. But rather than promoting it, international society,
through the London Convention and the Convention on Biological Diversity
(CBD), adopted a de facto moratorium preventing the generation and sale of
carbon credits from OIF. Given the mounting concerns about climate change
and the economic profitability of creating a new carbon market, why did this
occur?

I argue that international institutions responded to an advocacy campaign
from a transnational network of environmental advocates. These advocates op-
posed OIF because they were highly sensitive to the risks of tampering with the
ocean. Furthermore, this opposition and risk perception was rooted in the fact
that OIF fell into a category of actions called “geoengineering,” comprising
large-scale interventions in the world’s environment. Among other things, this
meant that the potential harms created by OIF could travel far beyond the initial
point of impact, with severe global consequences.

How does this help us explain the behavior of international institu-
tions? One school of thought about how to understand governance is the ra-
tionalist approach. In short, international society comprises actors with fixed,
hierarchically arranged preferences that are determined and ordered by mate-
rial reality. We can understand governance if we understand the incentives of
the key actors, by measuring things like the payoffs, costs of action, and vul-
nerabilities they face in a given area. Authors including Victor (2006), Helm
and Sprinz (2000), Sprinz and Vaahtoranta (1994), and Keohane and Victor
(2011) have used rationalism to explain governance in a variety of areas, in-
cluding climate change, ozone, and acid rain. For OIF, the potential payoff to
firms that could sell carbon credits and the projected lower cost of credits
from OIF than from current mechanisms in the climate change regime suggest
that both firms and governments had material incentives to support it. In
addition, there were no clear material reasons for states to oppose OIF, since
it could provide them a cheaper compliance mechanism for their obligations
under the Kyoto Protocol.

Because international society rejected OIF, I attribute governance in this
issue area to nonmaterial explanations. Here, institutional behavior was shaped
by normative interpretations of risk and uncertainty by networks of researchers
and environmental NGOs. Whereas OIF proponents interpreted uncertainty as a
justification for moving forward, critics interpreted uncertainty as a cause for
alarm and used their political influence in key institutions to successfully lobby
for a moratorium on OIF.
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Geoengineering and Discourse

I draw here from metastudies of geoengineering by authors such as Anshelm
and Hansson (2014), Buck, Gammon, and Preston (2014), and Sikka (2012),
which have shown that geoengineering differs conceptually from other kinds of
environmental interventions. “Geoengineering” has several broad but overlap-
ping definitions, but all include a reference to the fact that it comprises “large-
scale” interventions. According to the IPCC, this refers to interventions that “use
or affect the climate system (e.g., atmosphere, land or ocean) globally or region-
ally and/or ... cross national boundaries” (IPCC 2012, 2). For example, geoen-
gineering methods, such as placing mirrors in space, take place transnationally
or in the global commons. In contrast, climate interventions that take place
entirely within states, such as planting trees, do not count as geoengineering,
even though they also address a global problem (IPCC 2012; Shepherd et al.
2009; UmweltBundesAmt 2011).

Since it takes place on the high seas, OIF is a global intervention, and thus
vulnerable to the critiques and risk assessments associated with geoengineering.
As Anshelm and Hansson have shown, some of the common storylines in the
emerging geoengineering discourse are that it poses unacceptable risks to global
ecosystems, does not address the underlying dysfunction causing ecological deg-
radation, and undermines democratic governance (Anshelm and Hansson
2014, 138-140; Buck et al. 2014). As I will show later, OIF critics used these
precise arguments to undermine its support in the international arena.

To be clear, I am not arguing that OIF critics purposively adopted a geoen-
gineering discourse to shape their arguments. However, a discourse does not
need to be purposively adopted to influence behavior, as long as the policy
claims and arguments that advocates use in a given issue area follow the same
outlines (Anshelm and Hansson 2014; Epstein 2008; Fairclough 2013;
Jorgensen and Phillips 2002; Litfin 1994; Sikka 2012).

Discourses matter in policy-making because, when science is used to make
policy claims, it will always have some element of uncertainty. First, uncertainty
is inherent in the epistemological and ontological tensions between science and
policy claims. Preston (2011) and others (Buck et al. 2014; Jasanoff 2009; Litfin
1995; Shepherd et al. 2009) have recognized that policy questions are charac-
terized not just by cause-and-effect relationships, but also by ethical and norma-
tive questions: Who is responsible for taking action? How do we situate
marginalized people in governance mechanisms? What is the relationship
between mankind and nature? Is it one of control, or codependence?

Second, uncertainty is inherent in the fact that humans are not omniscient
and will never have perfect information to predict the behavior of complex eco-
systems. As feminist scholars like Haraway have argued, claiming that we can
have such knowledge amounts to a “God trick,” wherein we insist that we
operate from a position of perfect information while ignoring the limitations
of human knowledge (Haraway 1988; Haraway 2013; Harding 1991).



128 e Discourse, Governance, and Ocean Iron Fertilization

Discourses matter because they can give guidelines in terms of how to
manage this uncertainty and assess risk, and therefore how to adjudicate among
different claims. To be clear, I am not arguing that science is incapable of truth
claims, only that, as the critical literature has shown, there is unavoidable sub-
jectivity when science turns to policy (Anshelm and Hansson 2014; Forsyth
2004; Haraway 1988; Harding 1991; Jasanoff 2009; Litfin 1994; Litfin 1995;
McCormick 2009; Merton 1973).

Research Methods

First, I identified the key knowledge producers, by identifying the authors of the
most widely cited literature on OIF in journals such as Nature, presentations to
governments, and studies by research institutions. Then I conducted interviews
with the authors, to identify other key researchers, as well as NGO members.
This is known as “snowball sampling” (Biernacki and Waldorf 1981; Noy
2008), which helps triangulate upon the identities of core actors.

Once I had defined these populations, I conducted critical-discourse anal-
ysis to learn how scientists and advocates constructed and shared knowledge
about the relationship between the ocean and atmospheric CO,, and how they
used this to try to influence governance. This analysis consisted of qualitative
interviews in which I asked respondents how they had learned about the issue,
including such questions as whether they were aware of a scientific consensus
about the problem, how and when the terms used to describe the problem had
become adopted into general use, and what were appropriate policies to re-
spond to the emerging problem. I triangulated upon their answers using archi-
val documents, including opinion statements in trade journals as well as policy
arguments in the media, submitted to policy-maker agencies, or shared as inter-
nal memoranda. I supplemented this research with interviews in the media and
other secondary sources, and cross-referenced with materials produced by such
institutions as the UNFCCC, the London Convention, and the CBD.

Sinks, Science, and the Policy Interface in an Age of High CO,

After it was adopted, the UNFCCC stimulated interest in creating carbon sinks
through Article 4, which called on its parties to “formulate, implement, publish,
and regularly update ... sinks of all greenhouse gases,” including those in
“coastal and marine ecosystems.”' At almost the same time, John Martin pro-
posed the “iron hypothesis” (Martin 1990). Martin noted that modern oceans
were absorbing less CO, than they had during glacial periods, which he believed
was due to a decline in plankton productivity. Notably, this low productivity
was discernible in areas that had most of the other nutrients that should have

1. UNFCCC 1992, Text of the Convention, Article 4 §1(d)
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spurred growth—so-called “high-nutrient, low-chlorophyll” (HNLC) areas
(Chisholm and Morel 1991). Martin hypothesized that plankton growth could
be stimulated by adding iron ore, because iron was thought to be a key missing
nutrient. With more plankton, the oceans could then absorb more CO, and, as
the plankton sank to the bottom of the ocean, sequester it for decades.

Although later interviews suggest that Martin did not intend for this to
happen,? his work became tied to policy discussions on climate change. When
Martin presented his hypothesis at a 1988 conference at the Woods Hole Insti-
tute, he said in his “best Dr. Strangelove accent” that with “a half a tanker of iron
... I'will give you the next ice age” (Chisholm et al. 2001, 309-310). This state-
ment was then cited over the next two decades in research articles (Buesseler
et al. 2008; Chisholm and Morel 1991; Chisholm et al. 2001; Joos et al.
1991), reports to the US Congress (NOAA 2010), and media reports® as the
primary way to frame and understand Martin’s work.

For example, the Washington Post cited Martin’s comment about a “next ice
age” to claim that the purpose of OIF was “[soaking] up much of the excess
carbon dioxide believed to be responsible for global warming.”* In 1991, Joos
and Siegenthaler of the University of Bern, with Jorge L. Sarmiento, indicated
that if OIF were carried out in the Indian Ocean over the next 100 years, it
would reduce the atmospheric concentration of CO, by 90-107 parts per
million (ppm) (Joos et al. 1991). After Martin died in 1993, his obituary in
The New York Times said that his research on OIF showed that “fertilizing the
oceans with iron could slow the increase of carbon dioxide in the atmosphere.””

To be sure, interviews with some of Martin’s former colleagues suggest that
some of the oceanographers promoting OIF as a climate mechanism were “play-
ing up” this connection to “get financing for experiments.”® But whether re-
searchers advocating OIF were doing so strategically, to generate support for
research, or out of a sincere belief in OIF is immaterial: by the 1990s, the public
understanding of OIF was that it could be used to address climate change.

Consensus and the Political Economy of the Ocean in a High-C0, World

Firms were soon able to use consensus on one aspect of OIF to justify proposals
to make it a legitimate carbon storage mechanism. For scholars of science in

2. Author’s personal communication with a prominent oceanographer, September 2016.

3. See, among other reports, Scientific American, Controversial Spewed Iron Experiment Succeeds as
Carbon Sink, July 18, 2012 (accessed November 7, 2016, from www.scientificamerican.com/article/
fertilizing-ocean-with-iron-sequesters-co2/); Washington Post, Ironing Out “Greenhouse Effect,”
May 20, 1990 (accessed November 2, 2016, from http://wapo.st/2m6Tk3]); and Wired, Dumping
Iron, November 1, 2000 (accessed November 2, 2016, from www.wired.com/2000/11/ecohacking/)

. Washington Post, Ironing Out “Greenhouse Effect,” May 20, 1990.

. New York Times, John Martin, 58, Dies; Theorized on Warming, June 22, 1993. Accessed
November 2, 2016, from www.nytimes.com/1993/06/22/obituaries/john-martin-58-dies-
theorized-on-warming.html

6. Author’s personal communication with prominent oceanographer, September 2016.

[S20
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politics, scientific consensus is a key variable explaining when and why advo-
cates are more likely to prevail in policy debates. As the epistemic community
literature shows, a consensus delegitimizes competing claims, clarifies cause-
and-effect relationships, and provides a rationale for action under complexity
(Cross 2013; Dimitrov 2003; Haas 1990; Haas 1992; Haas 2004; Keck and
Sikkink 1998; Litfin 1994; Litfin 1995; McCormick 2009; Peterson 1992). At
the same time, scholars including Dimitrov (2003) and Bray (2010) have
argued that consensus is unlikely to be absolute across all dimensions of knowl-
edge. For any issue area, experts may have a consensus on some claims, such as
the extent, causes, and consequences of a problem, but are unlikely to have
complete agreement on all of them at the same time.

When advocates are able to link a consensus on relevant dimensions to
issues that seem salient to their target audiences, they are more likely to
strengthen their policy positions (Bray 2010; Dimitrov 2003; Fuentes-George
2016; McCormick 2009; Moser 2005; Moser 2006). Conversely, if consensus
is not strong enough on salient dimensions, target audiences will be able to jus-
tify ignoring policy implications (Dimitrov 2003; Fuentes-George 2016). Any-
one who is aware of the slow response of the US political system to the science
on climate change is cognizant of how minor scientific uncertainty can be
exploited by vested interests as a rationale for (in)action. In this case, however,
supporters of OIF extrapolated from a consensus on one dimension of the iron
hypothesis to push for OIF credits.

Responding to Martin’s hypothesis, oceanographers conducted research of
increasing sophistication to clarify causal relationships, because different
models had come to differing conclusions about how much planktonic growth
could be stimulated by iron (Joos et al. 1991, 1-2). Between 1990 and 1995,
one dimension of the iron hypothesis was confirmed: adding iron ore to HNLC
areas could indeed stimulate plankton growth. In 1995, Ken Coale and Ken
Johnson of Moss Landing carried out an OIF experiment called IronEx II, which
prompted a plankton bloom equivalent to 100 redwoods at the end of two
weeks, and which Johnson described favorably as “a phytoplankton explosion
of almost biblical proportions.””

In 1996, Coale and other researchers from England and Mexico published
an article in Nature arguing that the growth of plankton from IronEx II had con-
tributed to a “drawdown of carbon dioxide in the surface waters of the fertilized
patch,” creating a “sink [for| carbon dioxide” (Coale et al. 1996, 500). The
researchers were so confident that they concluded that “it [was] now time to
regard the ‘iron hypothesis’ as the ‘iron theory’” (Coale et al. 1996, 500).

For those in favor of using OIF to create carbon sinks, this finding
strengthened their position. In 1999, Undersecretary of Commerce and admin-
istrator of NOAA James Baker opened the Revelle lecture at MBARI, investigating
how to store CO, in the ocean (Pomponi 2001). Peter Brewer, who conducted

7. Wired, Dumping Iron, 2000.
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the lecture, reiterated Coale’s statement that the hypothesis was an “iron theory”
(Pomponi 2001, 91), and noted that this “ingenious idea” showed that “carbon
removal on a scale of Gt/year might be possible” (Pomponi 2001, 90).

However, when the Kyoto Protocol was negotiated in 1997, it recognized
only those sinks generated by terrestrial processes: land use, land use changes,
and forestry activities. For OIF proponents, this was a missed opportunity,
particularly since (they claimed) it would be cheaper to sequester CO, in the
ocean than on land. For example, in a 2000 interview with Wired, Michael
Markels, founder of GreenSea Ventures, claimed that he could sequester CO,
in the ocean for $2 a ton, in comparison to the $20 per ton offered by forestry
services.® For supporters of OIF, “if credit can be garnered for the carbon sucked
up by photosynthesis ... then why not cultivate phytoplankton, the most abun-
dant plants on Earth?”’

For firms, access to the carbon market had tremendous economic poten-
tial. In 2007, the value of credits from destroying HFC-23 was estimated at
€4.7 billion (Wara 2007). OIF supporters were vocal that international society
should take all possible action to address climate change. In 2007, Dan Whaley,
who founded Climos, argued that “if atmospheric CO, that we have already put
into the atmosphere is ever to decline, it will be photosynthesis that eventually
does the work.”'° Similarly, Ken Buesseler stated in an interview with The New
York Times that year that he was “willing to consider [OIF], when I consider the
consequences of doing nothing.”"'

Scholars of geoengineering describe this as the idea of “exceptionalism”
(Anshelm and Hansson 2014; Buck et al. 2014; Preston 2011; Sikka 2012). In
short, and as both Whaley and Buesseler indicated above, the accumulation of
greenhouse gases is seen as such an exceptional problem that it “justifies new
means to counteract global warming” (Anshelm and Hansson 2014, 135).
According to this view, even if OIF is problematic or risky, the risks are projected
to be less severe than those posed by climate change, giving OIF some moral
cover (Preston 2011; Victor et al. 2009).

Shortly after negotiation of the Kyoto Protocol, firms that believed they
could profitably create and sell carbon credits through OIF began appealing
to member states of the UNFCCC to allow them to do so under a new legal
regime. In 1998, the company GreenSea Ventures planned to dump iron in
the Gulf of Mexico, claiming that seeding an area of 5,000 square miles would
trap CO, equivalent to a 1,000-acre forest (ETC Group 2007, 8). In 1999, New
Zealand's National Institute of Water and Research joined academic institutions

8. Wired, Dumping Iron, 2000.
9. Wired, Dumping Iron, 2000.

10. C/NET, 2008, Interview with CEO and Founder Dan Whaley of Climos. Accessed online
November 7, 2016, from www.cnet.com/news/bringing-seapower-to-the-fight-against-global-
warming/.

11. New York Times, Recruiting Plankton to Fight Global Warming, May 1, 2007. Accessed online
November 2, 2016, from www.nytimes.com/2007/05/01/business/01plankton.html.
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from the US, the UK, and Canada to conduct research on OIF in the Southern
Ocean under the Southern Ocean Iron Release Experiment (SOIREE). Nature
and NASA described SOIREE as intending to “iron out [the] atmospheric
puzzle” and clarify how OIF could be used to capture CO, (Newton 1999).
In 2001, Markels and Barber of Duke University gave a presentation at the US
Department of Energy in which they claimed that OIF could “bring the net
increase in CO, emissions to zero” (Markels and Barber 2001, 2). That year,
“numerous patents were filed on ocean fertilization processes, anticipating a
global market in which credits for carbon sequestered through fertilization
might be traded” (Chisholm et al. 2001, 309).

In 2002, Russ George borrowed a boat from Neil Young to dump iron off
the coast of Hawai'i. In 2006, Dan Whaley and Margaret Leinen, former assis-
tant director of geosciences at the NSF, started Climos to “bring a next genera-
tion Ocean Iron Fertilization project to realization.”'? In 2007, under the
direction of Russ George, Planktos planned to dump iron off the Galapagos
Islands to assess “whether large-scale iron additions result in carbon sequestra-
tion that can be quantified, verified, and sold in the global carbon credit
market” (International Maritime Organization 2007).

From a rationalist perspective, the potential economic incentive that the
OIF market offered to firms was clear. Early-mover firms like Planktos and
GreenSea Ventures that had access to boats and a willingness to dump tons
of iron ore in the oceans could potentially sell millions of credits to govern-
ments to cover the cost of carrying out OIF in the high seas and still make a
profit. There were also potential material incentives for states to support OIF.
As proponents indicated, OIF credits were projected to be substantially cheaper
to purchase than existing carbon credits at the time—if advocates could refor-
mulate the carbon market under the Kyoto Protocol. Both then and now, states
can only buy or sell carbon credits through the Protocol’s flexibility mechanisms
from actions that take place within their territorial jurisdiction. As OIF would
take place on the high seas, it would not qualify under the current legal regime.

To be fair, one lingering question about assessing OIF’s incentive to states
is that there was no scientific consensus, even at the start, that OIF would cap-
ture CO, and sequester it at the scale and in the time that proponents suggested.
However, the fact that governance mechanisms may not perform as expected
does not necessarily mean that states have no interest in implementing them.
As the rationalist school illustrates, states often create environmental institu-
tions with binding requirements under the law of the “least ambitious program”
(Hovi and Sprinz 2006; Keohane and Victor 2011; Miles et al. 2001; Raustiala
and Victor 2004; Underdal 1980; Victor 2006). In other words, when states
structure agreements to entice laggards to join, they often water down obligations
such that the least ambitious parties can comply, sometimes by taking minimal
action or continuing with business-as-usual politics. As a result, environmental

12. Climos, About Us, Accessed online November 7, 2016, from www.climos.com/aboutus.php.
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governance is rife with examples of mechanisms that have been adopted as legit-
imate methods of compliance, but which do little or nothing to address environ-
mental problems (Helm and Sprinz 2000; Keohane and Victor 2011; Miles et al.
2001; Mitchell 2001; Victor 2006; Young 1999). Ineffectiveness is clearly not a
barrier to creating institutions under a rationalist framework.

The Moral Weight of Uncertainty in an Age of Geoengineering

To explain why OIF has not been added as a governance mechanism, I attribute
this behavior not to materially determined interest but to the normative claims
of a network of critics about how to interpret appropriate action and risk in
times of uncertainty. In doing so, it should be clear that resistance to OIF cannot
be simply attributed to the adoption of the precautionary principle, primarily
because there is not a consistent understanding of what precaution means.
Lempert and Collins (2007) argue that in areas of deep uncertainty about com-
plex environmental problems, such as the threshold responses of ecosystems to
change, a blanket application of “precaution” could lead to incoherent policy
responses. In the case of climate change, for example, they suggest that precau-
tion could just as easily justify any action taken to limit global temperature in-
creases to 2° C as justify caution in the application of geoengineering methods
(Lempert and Collins 2007). This argument is also supported by the literature
on geoengineering ethics, and shown by Ken Buessler's quote above (Anshelm
and Hansson 2014; Buck et al. 2014; Preston 2011; Sikka 2012).

In order to understand action under uncertainty then, we need to look
more closely at the discourses actors use to explain their world. As Lempert
and Collins point out, under situations of deep uncertainty, individuals may
“choose to believe different probability distributions, in particular, the ones
most compatible with their own values, policy priorities, and decision contexts”
(2007, 1010-1011). By using the storylines illustrated by Anshelm and Hansson
(2014), we can see how the values and priorities used to assess the risk of OIF
fit with the antigeoengineering discourse.

Opposition to OIF can be traced back as early as 1999, but the key points
of advocacy took place in response to the 2007 plan by Planktos to dump iron.
Critics developed research emphasizing the risk of OIF, and then a transnational
coalition of advocates, including Greenpeace, the ETC Group, and the World
Conservation Union (IUCN) presented this research to the London Convention
on Dumping and the CBD. Notably, these institutions had as their mandate the
protection of the marine environment and global biodiversity, respectively,
making them sensitive to assessments of risk to these areas.

Advocates supplemented this with domestic lobbying of environmental
ministries and participating with policy-makers and nonstate actors at a con-
ference at the Woods Hole Institute in 2007. This was a multistakeholder con-
ference with people from oceanographic institutions, NGOs, international
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institutions like the World Bank, firms, and US government agencies includ-
ing the State Department. Throughout, critics maintained a consistent set of
themes.

First, the antigeoengineering discourse argues that geoengineering is a
“gamble” with the Earth’s ecosystems. Critics often invoke the myth of Prome-
theus to argue that our lack of knowledge about downstream effects will lead to
our ruin in ways that we cannot predict. As critical scholars (Buck et al. 2014;
Haraway 1988; Haraway 2013) and research institutions alike have shown
(Shepherd et al. 2009), our knowledge of ecosystems is, at best, fragmented
and incomplete. Since we cannot be sure what the effects of interference will
be, other than that they are likely to have global consequences, uncertainty
under these conditions becomes a cause for alarm.

For example, in 1999, Greenpeace issued a report to the Scientific Group
of the London Convention. This report synthesized the research community’s
studies on iron fertilization (Greenpeace International 1999; Joos et al. 1991;
Sarmiento and Orr 1991) to argue that OIF could, among other things, trans-
form planktonic communities and disrupt marine food webs (Greenpeace Inter-
national 1999). In 2001, Sallie Chisholm, Paul Falkowski, and John Cullen
from the Department of Oceanography in Canada published what became
one of the most widely cited articles on OIF, raising “great concern” about
the “potential long-term consequences” of OIF, including its “purposeful eutro-
phication” of ocean ecosystems (Chisholm et al. 2001, 309). In it, Chisholm
and her co-authors argued that the oceans were beyond the bounds of human
control: “It is not easily controlled. A fertilized patch in turbulent ocean currents
is not like a plot of land. The oceans are a fluid medium, beyond our control”
(Chisholm et al. 2001, 309).

To be sure, not all scientists interpreted uncertainty as a justification for
halting commercial OIF. Like Buesseler, Kenneth Johnson of MBARI and David
Karl of the University of Hawaii argued that critics “greatly overstated the
current knowledge of ocean processes in reaching their opinion that iron
fertilization is not a viable option for CO, management” (Johnson and Karl
2002). These actors’ perceptions of risk and the probability of harm from OIF
were informed by a different set of values and assessments from those of the
critics, and emphasized the need to take action to stop climate change.

After Planktos’s aborted 2007 experiment, the [IUCN called on the London
Convention not to grant credits for OIF (IUCN 2007). Citing Chisholm et al.’s
2001 paper, they called OIF a “geoengineering project” and noted that the ac-
tions by groups like Planktos raised a host of questions that would need to be
addressed before selling carbon credits, including whether OIF would alter “the
nature and function of the ocean marine food chains,” increase the production
of greenhouse gases like N,O and CHy, or actually sequester CO, in the ocean
(IUCN 2007). Greenpeace and the ETC Group also submitted a recommenda-
tion to the London Convention’s Scientific Group arguing that OIF and other
geoengineering plans created the “potential for unpredictable and irreversible
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adverse impacts on marine ecosystems,” including increased net emissions of
greenhouse gases and the creation of toxic algal blooms (Greenpeace Interna-
tional 2007a).

At the Woods Hole conference, critics continued emphasizing the
unknown dangers of OIF. For example, a lecture by John Cullen, Chisholm's
co-author on the 2001 study, reiterated the risk of ocean manipulation.
Drawing from his experience studying past cases of fish kills from rapid drops
in oceanic oxygen (known as hypoxic events) caused by massive algal blooms,
Cullen said,

Decreased oxygen concentrations in the deep ocean...has to happen.
Nutrients are stripped from the surface area, and they go down there. This
has to happen. What is predictable from decreasing the oxygen in the deep
ocean? Well, here is what's predictable. You're going to have a greater
probability of hypoxic events. I don’'t know how much greater. But it’s
greater....I don't really have a high degree of confidence that we can predict
what will happen when some of these manipulations are implemented.
(Cullen 2007)

Invoking other cases of human interference via the introduction of species
like kudzu and cane toads, Cullen continued: “How many ecological manipu-
lations that were done with the greatest of intentions had unintended conse-
quences? ... Can we know when it's going wrong? I would argue that we
can't” (Cullen 2007). Greenpeace also circulated a report noting the unknown
dangers of OIF, stating “commercial iron fertilization could have unpredictable
impacts on atmospheric chemistry and global climate through the formation of
climate-active gases [and has] the potential for adverse and irreversible conse-
quences” (Greenpeace International 2007b, 14).

Again, while Cullen and Greenpeace agreed with Buesseler, Johnson, and
Karl that the science was characterized by uncertainty, their sensitivity to the risk
of environmental harm from OIF was substantially higher. Moreover, continued
research showed that the initial claims of OIF's CO, storage capability were
exaggerated, and, as was indicated in the 2007 IUCN report, could possibly
increase the production of greenhouse gases. Given the lower probability that
OIF would actually work to capture carbon, risk-averse oceanographers and
environmentalists became increasingly concerned about the probability of food
web disruption and hypoxic events from stimulating plankton growth.

A second theme is that the problem with geoengineering is its structural
dysfunction. In short, we have an environmental crisis because the global
political economy and the distribution of power encourages some actors to
overconsume, while externalizing costs to the less privileged and to future
generations (Buck et al. 2014; Hiskes 2009; Klein 2015; Ridgeway and Jacques
2015). Geoengineering, which is supposed to ameliorate the environmental
crisis without requiring a change in behavior, fails to address this underlying
inequity.
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Similarly, OIF critics criticized it for failing to address the root causes of
climate change. In their submission to the London Convention, Greenpeace
and the ETC Group asserted “climate change should to be tackled by reducing
emissions, not by altering ocean ecosystems” (Greenpeace International 2007a).
Jorge Sarmiento, who also participated in the Woods Hole symposium, reiterated
this point:

I think, too, that the notion that we screwed things up by putting a lot of
carbon dioxide in the atmosphere, and that now we can screw something
else up to remove it and keep pouring carbon dioxide in the atmosphere,
was a big issue for many people.'?

A third and final theme is that geoengineering raises serious questions
about democratic governance (Buck et al. 2014, 651). Geoengineering is by de-
sign supposed to have global effects. If the technology becomes available to
states or private actors, there is a real possibility that a few people could interfere
with the climate unilaterally (Anshelm and Hansson 2014; Buck et al. 2014;
Sikka 2012; Victor et al. 2009), particularly if they believe that doing so would
make their own existence more secure (Bodansky 2013; Urpelainen 2012).

This concern was underlined by real tensions over the conduct of OIF
firms. When Planktos planned their 2007 experiment, they quickly became em-
broiled in conflict with NGOs, state governments, and research groups. George
claimed to have the support of Greenpeace, but Greenpeace publicly repudiated
that and, citing potential ecosystem threats, threatened to blockade Planktos’s
boat (Kintisch 2010). After the EPA advised Planktos that they might run afoul
of US law by dumping iron under a US-flagged ship, Planktos stated that they
would reflag the ship under a different country. The US administration and the
EPA then submitted its own request that the London Convention address OIF,
recognizing the ineffectiveness of domestic law in regulating the high seas
(United States 2007). Greenpeace and Accion Ecolégica lobbied the Ecuadorean
government, arguing that OIF was being carried out by “profit-driven individ-
uals [who threaten] our climate, our marine environment and the sovereignty of
our fisherfolk” (Greenpeace International 2007a). In December of 2007, the
Spanish government barred George’s ship from docking in the Canary Islands,
under pressure from environmental NGOs (Kintisch 2010; Warner and
Schofield 2012).

Although this opposition from political actors and advocacy groups
stopped Planktos then, it did not do so permanently. In 2012 George success-
fully dumped 100 tons of iron off the coast of Canada, precipitating a plankton
bloom approaching 10,000 square kilometers.'* While George again insisted
that he had the support of researchers and indigenous groups in Canada,'’

13. Research assistant’s interview with Jorge Sarmiento, via Skype, August 12, 2015.
14. The Guardian, World's Biggest Geoengineering Experiment “Violates” UN Rules, October 15, 2012.
15. Author’s interview with Russ George, via Skype, August 16, 2016.
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in public, the media, environmental groups, and oceanographers condemned
his actions. In 2007, the ETC Group and Greenpeace described George as a
“maverick” and a “geoengineering fanatic” (Greenpeace International 2007a). In
2012, The New Yorker described George unfavorably as a “geo vigilante” and
concluded by stating that even if a local village approved, “no village on earth
should have the power to approve a project the consequences of which, for the
entire planet, cannot possibly be foreseen.”'® The fallout from George’s actions led
to such a backlash that Climos “joked about whether Planktos was actually a
nefarious plot to make sure that ocean fertilization never happened” (Kintisch
2010, 146).

Thus, by 2007, critics had mobilized around a sustained critique of OIF,
using language echoing the antigeoengineering discourse, portraying uncer-
tainty as a cause for alarm. This is not to suggest that OIF criticism did not
confront serious resistance. As Sarmiento described,

It's amazing how long it took to kill the idea.... The verification problem [of
carbon credits] is impossible ... and the negative impacts we calculated in
our last paper in 2008—there are just so many reasons why it's a bad idea.
And I felt like all these people at [the Woods Hole] meeting were like slot
machines, I could just see the dollar signs rolling in their eyes, and they just
weren't really thinking of or aware of all this work and science that had been
done to basically show that iron fertilization was not a good idea.'”

Ultimately, however, anti-OIF advocacy was successful. After receiving the
NGO reports in 2007, the Scientific Group of the London Convention issued a
Statement of Concern, calling on the Convention to evaluate OIF and ensure
that it did not contravene the goals of the antidumping regime (International
Maritime Organization 2007b). In May of 2008, the Canadian government sub-
mitted a review of the science of OIF to the London Convention. This review,
which cited the 2001 paper by Chisholm, work by Aumont and Bopp (2006),
and others, also concluded that there was too much uncertainty about the prob-
ability of the harmful effects of OIF on marine ecosystems and concluded that
“we should not pursue practices that do more harm than they remedy in the
name of addressing climate change” (Canada 2008).

In 2008, the parties of the CBD at the 9th Conference of the Parties (COP-9)
issued Decision IX/16, which argued that iron fertilization should “not take place
until there is an adequate scientific basis on which to justify such activities, includ-
ing assessing associated risks” (CBD 2008). While the CBD accepted the validity of
research on OIF, the Convention called on parties to limit research to small-scale
activities, stating that OIF should “not be used for generating and selling carbon
offsets or any other commercial purposes” (CBD 2008). That year, with support

16. The New Yorker, The First Geo-Vigilante, October 18, 2012. Accessed November 7, 2016, from
www.newyorker.com/news/news-desk/the-first-geo-vigilante.
17. Research assistant’s interview with Jorge Sarmiento, via Skype, August 12, 2015.
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from the US government, the London Convention issued Resolution LC-LP.1,
which cited Decision IX/16 of the CBD and stated that “ocean fertilization
activities other than legitimate scientific research should not be allowed” (London
Convention 2008). In 2010, the Convention passed Resolution LC-LP.2, calling
on parties to establish a permanent regulatory mechanism for ocean fertilization.
That year, the body received a study from UNESCO and the Intergovernmental
Oceanographic Commission, which similarly noted the dangers of the uncertainty
of OIF in its potential “geoengineering applications”:

[Tt] is arguable that we have insufficient knowledge, let alone technique, to
purposefully manipulate an ecosystem to reverse any large scale, long term
changes to ecosystems that might be have been initiated by deliberate ocean
fertilization. (Wallace et al. 2010, 15)

In 2013, the London Convention passed Resolution LP.4(8), reinforcing
the findings of Decision 1X/16 of the CBD, specifying that OIF counted as
marine geoengineering, and reiterating that all ocean fertilization activities
except for scientific research “shall not be permitted” (London Convention
2013). At the time of writing, international society has continued to reject the
commercialization of OIF, despite sustained economic interest in doing so.

To clarify the importance of the geoengineering discourse, it is worth
comparing how international society responded to criticisms of alternative
sources of carbon sinks, particularly in forestry. Notably, critics have voiced ob-
jections to forest carbon storage similar to those invoked against OIF, particu-
larly in terms of shifting responsibility and unforeseen harm. As Doherty and
Schroeder (2011), Leggett and Lovell (2012), and Beymer-Farris and Bassett
(2012) have indicated, indigenous groups and environmental advocates have
criticized forest carbon credits in developing countries for shifting climate re-
sponsibility from rich to poor nations, allowing rich countries “indulgences”
so they do not have to change their domestic behavior, and potentially harming
local ecosystems. Furthermore, as with OIF, verifying credits claimed by creating
sinks through forestry activities presents substantial challenges—there is no guar-
antee that forestry sinks will remain intact in the long term, nor is it always clear
that the activities for which states claim credit would not have occurred anyway.

However, whereas critics used the link between OIF and geoengineering to
invest criticisms of OIF with additional authority, forestry activities do not count
as geoengineering, since they take place primarily within states, rather than at
the regional or global scale required for geoengineering. In fact, all of the major
reports on geoengineering by the CBD, the London Convention, the Royal
Society, the IPCC, and the German Federal Environmental Ministry have spec-
ified that OIF is part of the geoengineering spectrum, while the IPCC and the
German Federal Ministry have explicitly stated that forestry is not (IPCC 2012;
UmweltBundesAmt 2011). For critics of OIF, the “fluid environment” of the
oceans make them qualitatively different from terrestrial ecosystems when it
comes to risk management, since any potential hazards of OIF have a greater
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chance of spreading beyond their point of origin.'® Consequently, the normative
weight and perception of risk assigned to OIF’s uncertainty was not available to
critics of afforestation.

Conclusions

As this article has shown, discourses involve assumptions about appropriate
behavior that can shape how international society responds to emerging envi-
ronmental problems. Prior to 2007, firms such as Climos, Planktos, and Green-
Sea Ventures used the iron hypothesis to argue that international society should
legitimate the sale of credits from OIF. In response, environmental NGOs and
oceanographers stated that uncertainty in the science should disqualify OIF
from carbon credits, since OIF was an unknown, and possibly serious, threat
to global ocean ecosystems. This assertion that uncertainty indicated danger fits
with the antigeoengineering discourse observed by Anshelm and Hansson
(2014), among others, particularly since the scale of the effects of OIF exacer-
bated the perception of its risk to the world’s environment. As was discussed
above, other carbon credit mechanisms with lingering scientific and political
questions, including afforestation, are still legitimate governance mechanisms
because their consequences are not seen as globally threatening. I therefore
conclude that discourses matter: narratives help actors make sense of their
world, and give meaning to actions in ways that help navigate uncertainty.

This is not to argue that geoengineering is objectively good or bad. It is
entirely possible that geoengineering could have negative effects on global eco-
systems. It is also possible that the environmental effects of geoengineering
might be better than the projected effects of global climate change on human
society. However, governance must of necessity be shaped by value judgments
in times of complexity and uncertainty, so as to avoid paralysis. All the same, if
the normative framework around geoengineering discourses were to change,
we might see the moral calculus concerning OIF and other geoengineering
strategies also change.

References

Anshelm, Jonas, and Anders Hansson. 2014. Battling Promethean Dreams and Trojan
Horses: Revealing the Critical Discourses of Geoengineering. Energy Research and
Social Science 2: 135-144.

Aumont, Oliver, and L. Bopp. 2006. Globalizing Results from Ocean In Situ Iron Fertil-
ization Studies. Global Biogeochemical Cycles 20 (2).

Beymer-Farris, Betsy A., and Thomas J. Bassett. 2012. The REDD Menace: Resurgent
Protectionism in Tanzania’s Mangrove Forests. Global Environmental Change
22 (2): 332-341.

18. Author’s personal communication with a prominent oceanographer, September 2016.



140 e Discourse, Governance, and Ocean Iron Fertilization

Biernacki, Patrick, and Dan Waldorf. 1981. Snowball Sampling: Problems and Techniques
of Chain Referral Sampling. Sociological Methods and Research 10 (2): 141-163.
Bodansky, Daniel. 2013. The Who, What, and Wherefore of Geoengineering Governance.

Climatic Change 121 (3): 539-551.

Bray, Dennis. 2010. The Scientific Consensus of Climate Change Revisited. Environmental
Science and Policy 13 (5): 340-350.

Buck, Holly Jean, Andrea R. Gammon, and Christopher J. Preston. 2014. Gender and
Geoengineering. Hypatia 29 (3): 651-669.

Buesseler, Ken O., Scott C. Doney, David M. Karl, Philip W. Boyd, Ken Caldeira, Fei Chai,
Kenneth H. Coale, Hein J. W. de Baar, Paul G. Falkowski, Kenneth S. Johnson,
Richard Lampitt, Anthony Michaels, S. W. A. Naqvi, Victor Smetacek, Shigenobu
Takeda, and Andrew Watson. 2008. Ocean Iron Fertilization—Moving Forward in
a Sea of Uncertainty. Science 319: 162.

Canada. 2008. Ocean Fertilization: Background and Literature Review Addressing Main
Elements in the LC/LP Scientific Groups’ Statement of Concern on Ocean Fertili-
zation. Submitted to the Scientific Group of the London Convention/ Protocol, LC/
SG 31/2, March 14.

Chisholm, Sallie W., and Francois M. M. Morel. 1991. What Controls Phytoplankton
Production in Nutrient-Rich Areas of the Open Sea. American Society of Limnol-
ogy and Oceanography Symposium, San Marcos, California, February 22-24.

Chisholm, Sallie W., Paul G. Falkowski, and John J. Cullen. 2001. Dis-Crediting Ocean
Fertilization. Science 294: 309-310.

Coale, Kenneth, Kenneth S. Johnson, Steve E. Fitzwater, R. Michael Gordon, Sara
Tanner, Francisco P. Chavez, Laurie Ferioli, Carole Sakamoto, Paul Rogers, Frank
Millero, Paul Steinberg, Phil Nightingale, David Cooper, William P. Cochlan,
Michael R. Landry, John Constantinou, Gretchen Rollwagen, Armando Trasvina,
and Raphael Kudela. 1996. A massive phytoplankton bloom induced by an
ecosystem-scale iron fertilization experiment in the equatorial Pacific Ocean.
Nature 383: 495-501.

Convention on Biological Diversity (CBD). 2008. Decision 1X/16, UNEP/CBD/COP/
Dec/1X/16, C(4).

Cross, Maia K. Davis. 2013. Rethinking Epistemic Communities Twenty Years Later.
Review of International Studies 39 (1): 137-160.

Cullen, John. 2007. What Are the (Intended and Unintended) Ecological Consequences of
Large Scale Iron Fertilization? Online Lecture. Accessed November 7, 2016, from
www.whoi.edu/page.do?pid=14618

Dimitrov, Radoslav S. 2003. Knowledge, Power, and Interests in Environmental Regime
Formation. International Studies Quarterly 47 (1): 123-150.

Doherty, Emma, and Heike Schroeder. 2011. Forest Tenure and Multi-Level Gover-
nance in Avoiding Deforestation under REDD+. Global Environmental Politics 11
(4): 66-88.

Epstein, Charlotte. 2008. The Power of Words in International Relations: Birth of an Anti-
whaling Discourse. New York: Cambridge University Press.

ETC Group. 2007. Gambling With Gaia. Communiqué. Accessed March 10,
2017 from www.etcgroup.org/sites/www.etcgroup.org/files/publication/pdf_file/
geoengineeringcomfeb0107_0.pdf

Fairclough, Norman. 2013. Critical Discourse Analysis: The Critical Study of Language.
New York: Routledge.



Kemi Fuentes-George ® 141

Forsyth, Timothy. 2004. Critical Political Ecology: The Politics of Environmental Science.
New York: Routledge.

Fuentes-George, Kemi. 2016. Between Preservation and Exploitation: Transnational Advocacy
Networks and Conservation in Developing Countries. Cambridge, MA: MIT Press.

Greenpeace International. 1999. Ocean Disposal/Sequestration of Carbon Dioxide from
Fossil Fuel Production and Use: An Overview of Rationale, Techniques and Impli-
cations. In Technical Note. Amsterdam: Greenpeace International.

Greenpeace International. 2007a. Any Other Business: Challenging “Geo-Engineering
Solutions” to Climate Change. Position Statement. Submitted to the Scientific
Group of the London Convention/Protocol, LC/SG 30/12/1, May 8.

Greenpeace International. 2007b. A Scientific Critique of Ocean Iron Fertilization as a
Climate Change Mitigation Strategy. Technical Note Series 07/2007, London.

Haas, Peter. 1990. Saving the Mediterranean: The Politics of International Environmental
Cooperation. New York: Columbia University Press.

Haas, Peter. 1992. Knowledge, Power and International Policy Coordination (Special
Issue). International Organization 46 (1): 1-390.

Haas, Peter. 2004. When does Power Listen to Truth? A Constructivist Approach to the
Policy Process. Journal of European Public Policy 11 (4): 569-592.

Haraway, Donna J. 1988. Situated Knowledges: The Science Question in Feminism and the
Privilege of Partial Perspective. Feminist Studies 14 (3): 575-599. d0i:10.2307/3178066.

Haraway, Donna J. 2013. Simians, Cyborgs, and Women: The Reinvention of Nature.
New York: Routledge.

Harding, Sandra G. 1991. Whose Science? Whose Knowledge? Thinking from Women's Lives.
Ithaca, NY: Cornell University Press.

Helm, Carsten, and Detlef Sprinz. 2000. Measuring the Effectiveness of International
Environmental Regimes. Journal of Conflict Resolution 44 (5): 630-652.

Hiskes, Richard P. 2009. The Human Right to a Green Future: Environmental Rights and
Intergenerational Justice. New York: Cambridge University Press.

Hovi, Jon, and Detlef F. Sprinz. 2006. The Limits of the Law of the Least Ambitious
Program. Global Environmental Politics 6 (3): 28-42.

International Maritime Organization. 2007a. Planktos, Inc., Large-Scale Ocean Iron
Addition Projects. London Convention LC/SG 30/INF.28, June 1.

International Maritime Organization. 2007b. Statement of Concern Regarding Iron
Fertilization of the Oceans to Sequester CO2. LC-LP.1/Circ.14, July 13.

IPCC. 2012. Meeting Report of the Intergovernmental Panel on Climate Change Expert
Meeting on Geoengineering. Potsdam, Germany: IPCC Working Group III,
Technical Support Unit.

Jasanoff, Sheila. 2009. The Fifth Branch: Science Advisers as Policymakers. Cambridge, MA:
Harvard University Press.

Johnson, Kenneth S., and David M. Karl. 2002. Is Ocean Fertilization Credible and
Creditable? Science 296 (5567): 467-468.

Joos, Fortunat, Jorge L. Sarmiento, and Uri Siegenthaler. 1991. Estimates of the Effect of
Southern Ocean Iron Fertilization on Atmospheric CO, Concentrations. Nature
349: 772-775.

Jorgensen, Marianne W., and Louise J. Phillips. 2002. Discourse Analysis as Theory and
Method. New York: Sage.

Keck, Margaret E., and Kathryn Sikkink. 1998. Activists Beyond Borders: Advocacy Networks
in International Politics. Ithaca, NY: Cornell University Press.



142 e Discourse, Governance, and Ocean Iron Fertilization

Keohane, Robert O., and David G. Victor. 2011. The Regime Complex for Climate
Change. Perspectives on Politics 9 (1): 7-23.

Kintisch, Eli. 2010. Hack the Planet: Science’s Best Hope—or Worst Nightmare—for Averting
Climate Catastrophe. New York: Wiley.

Klein, Naomi. 2015. This Changes Everything: Capitalism vs. the Climate. New York: Simon
and Schuster.

Leggett, Matthew, and Heather Lovell. 2012. Community Perceptions of REDD+: A Case
Study from Papua New Guinea. Climate Policy 12 (1): 115-134.

Lempert, Robert J., and Myles T. Collins. 2007. Managing the Risk of Uncertain Thresh-
old Responses: Comparison of Robust, Optimum, and Precautionary Approaches.
Risk Analysis 27 (4): 1009-1026.

Litfin, Karen. 1994. Ozone Discourses: Science and Politics in Global Environmental Coopera-
tion. New York: Columbia University Press.

Litfin, Karen T. 1995. Framing Science: Precautionary Discourse and the Ozone Treaties.
Millennium: Journal of International Studies 24 (2): 251-277.

London Convention. 2008. On the Regulation of Ocean Fertilization. Resolution
LC-LP.1, October.

London Convention. 2013. On the Amendment to the London Protocol to Regulate the
Placement of Matter for Ocean Fertilization and Other Marine Geoengineering
Activities. Resolution LP.4(8), Annex 4, October 18.

Markels, Michael, and Richard Barber. 2001. Sequestration of CO, by Ocean Fertilization.
Poster Presented at the NETL Conference on Carbon Sequestration, Washington,
DC.

Martin, John H. 1990. Glacial-interglacial CO2 Change. Paleoceanography 5 (1): 1-13.

McCormick, Sabrina. 2009. Mobilizing Science: Movements, Participation, and the Remaking
of Knowledge. Philadelphia: Temple University Press.

Merton, Robert K. 1973. The Sociology of Science: Theoretical and Empirical Investigations.
Chicago: University of Chicago Press.

Miles, Edward L., Steinar Andresen, Elaine M. Carlin, Jon Birger Skjerseth, Arild Underdal,
and Jorgen Wettestad. 2001. Environmental Regime Effectiveness: Confronting Theory
with Evidence. Cambridge, MA: MIT Press.

Mitchell, Ronald B. 2001. Institutional Aspects of Implementation, Compliance, and
Effectiveness. In International Relations and Global Climate Change, edited by Urs
Luterbacher and Detlef F. Sprinz, 221-244. Cambridge, MA: MIT Press.

Moser, Susanne C. 2005. Impact Assessments and Policy Responses to Sea-Level Rise in
Three US States: An Exploration of Human-Dimension Uncertainties. Global Envi-
ronmental Change 15 (4): 353-369.

Moser, Susanne C. 2006. Climate Change and Sea-Level Rise in Maine and Hawai'i: the
Changing Tides of an Issue Domain. In Global Environmental Assessments: Informa-
tion, and Influence, edited by Ronald Mitchell, David Cash, and William C. Clark,
201-239. Cambridge, MA: MIT Press.

Newton, Philip. 1999. SOIREE Aims to Iron Out Atmospheric Puzzle. Nature 397 (6719):
459-459.

NOAA. 2010. Ocean Fertilization: The Potential of Ocean Fertilization for Climate
Change Mitigation. Available at www.gc.noaa.gov/documents/2010_climate_fert_rept_
Congress_final.pdf, accessed November 1, 2016.

Noy, Chaim. 2008. Sampling Knowledge: The Hermeneutics of Snowball Sampling in Qual-
itative Research. International Journal of Social Research Methodology 11 (4): 327-344.



Kemi Fuentes-George ® 143

Peterson, M. J. 1992. Whalers, Cetologists, Environmentalists, and the International
Management of Whaling. International Organization 46 (1): 147-186.

Pomponi, Shirley A. 2001. Roger Revelle Commemorative Lecture: The Oceans and
Human Health-The Discovery and Development of Marine-Derived Drugs. Ocean-
ography 14 (1): 78-87.

Preston, Christopher J. 2011. Re-thinking the Unthinkable: Environmental Ethics and the
Presumptive Argument Against Geoengineering. Environmental Values 20 (4): 457-479.

Raustiala, Kal, and David G. Victor. 2004. The Regime Complex for Plant Genetic
Resources. International Organization 58 (2): 277-309.

Ridgeway, Sharon J., and Peter J. Jacques. 2015. Power of the Talking Stick: Indigenous
Politics and the World Ecological Crisis. New York: Routledge.

Sarmiento, Jorge L., and James C. Orr. 1991. Three-Dimensional Simulations of the
Impact of Southern Ocean Nutrient Depletion on Atmospheric CO, and Ocean
Chemistry. Limnology and Oceanography 36 (8): 1928-1950.

Shepherd, John G., Ken Caldeira, Peter Cox, Joanna Haigh, David W. Keith, Brian
Launder, Georgina Mace, Gordon MacKerron, John Pyle, Steve Rayner, Catherine
Redgwell, and Andrew Watson. 2009. Geoengineering the Climate: Science, Governance
and Uncertainty. London: Royal Society.

Sikka, Tina. 2012. A Ciritical Discourse Analysis of Geoengineering Advocacy. Critical
Discourse Studies 9 (2): 163-175.

Sprinz, Detlef, and Tapani Vaahtoranta. 1994. The Interest-Based Explanation of Interna-
tional Environmental Policy. International Organization 48 (1): 77-105.

UmweltBundesAmt. 2011. Geoengineering: Effective Climate Protection or Megalomania?
Bonn, Germany: UmweltBundesAmt.

Underdal, Arild. 1980. The Politics of International Fisheries Management. The Case of the
Northeast Atlantic. New York: Columbia University Press.

United States. 2007. Any Other Business: Planktos, Inc., Large-Scale Ocean Iron Addition
Projects. Submitted to the Scientific Group of the London Convention/Protocol,
LC/SG 30/INF.28, June 1.

Urpelainen, Johannes. 2012. Geoengineering and Global Warming: A Strategic Perspective.
International Environmental Agreements: Politics, Law and Economics 12 (4): 375-389.

Victor, David G. 2006. Toward Effective International Cooperation on Climate Change:
Numbers, Interests and Institutions. Global Environmental Politics 6 (3): 90-103.

Victor, David G., M. Granger Morgan, Jay Apt, John Steinbruner, and Katharine Ricke.
2009. The Geoengineering Option: A Last Resort Against Global Warming? Foreign
Affairs (March/April): 64-76.

Wallace, Douglas W. R., Cliff Law, Philip W. Boyd, Yves Collos, Peter Croot, Ken
Denman, Phoebe Lam, Ulf Riebesell, Shigenobu Takeda, and Phil Williamson.
2010. Ocean Fertilization: A Scientific Summary for Policymakers. Paris: IOC/UNESCO.

Wara, Michael. 2007. Is the Global Carbon Market Working? Nature 445: 595-596.

Warner, Robin, and Clive H. Schofield. 2012. Climate Change and the Oceans: Gauging the
Legal and Policy Currents in the Asia Pacific and Beyond. Cheltenham, UK: Edward
Elgar.

World Conservation Union (IUCN). 2007. Any Other Business: Regulation of CO,
Sequestration. Position Statement. Submitted to the Scientific Group of the
London Convention/Protocol, LC/SG 30/12, May 8.

Young, Oran R. 1999. The Effectiveness of International Environmental Regimes: Causal
Connections and Behavioral Mechanisms. Cambridge, MA: MIT Press.


https://www.researchgate.net/publication/315991839

