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Climate engineering – many things to many 
people…
• Carbon dioxide removal (CDR) vs Solar radiation management (SRM)

• Marine vs atmospheric vs land-based

• Even within marine CDR techniques…
• ocean fertilization
• alkalinity management
• dumping of crop residues
• mineralization of seabed rocks
• enhanced upwelling or downwelling
• artificial impoundments
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Climate engineering -
how could it be regulated?
• Can such a diverse array of concepts be regulated in a consistent and 

coherent manner?

• For regulatory purposes, can valid distinctions be made between 
research and deployment of climate engineering techniques?

• Do appropriate regulatory bodies exist to address the diversity of 
concepts and proposed activities?

• Is our knowledge base on effectiveness and potential adverse impacts 
developed enough to allow regulated research and deployment?
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Royal Society – headline messages

• “Geoengineering of the Earth’s 
climate is very likely to be 
technically possible. However, 
the technology to do so is 
barely formed, and there are 
major uncertainties regarding 
its effectiveness, costs, and 
environmental impacts”.
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Royal Society – headline messages

• “The safest and most predictable method of moderating climate 
change is to take early and effective action to reduce emissions of 
greenhouse gases”. 

• “Nothing now known about geoengineering options gives any reason 
to diminish these efforts”.

• “No geoengineering method can provide an easy or readily 
acceptable alternative solution to the problem of climate change”.
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Turning down ‘the global thermostat’?
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• There is no simple thermostat

• Impacts will not be uniform

• There will be winners and losers

• Decisions and their impacts may be irreversible

• Who will decide?

Turning down ‘the global thermostat’?
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Climate engineering – many things to many 
people…
• Carbon dioxide removal (CDR) vs Solar radiation management (SRM)

• Marine vs atmospheric vs land-based

• Even within marine CDR techniques…
• ocean fertilization
• alkalinity management
• dumping of crop residues
• mineralization of seabed rocks
• enhanced upwelling or downwelling
• artificial impoundments
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Case example: 
regulation of marine geoengineering under the 
London Convention – London Protocol

• Legal amendments to London Protocol in 2013 to enable regulation of 
marine geoengineering activities listed on an Annex

• So far Annex includes only ocean fertilization (with potential to add 
other activities on a case-by-case basis)

• Has yet to be used in action
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What is ocean fertilisation?

• Some ocean regions support lower plankton productivity than 
predicted – ‘high nitrate, low chlorophyll’ (HNLC) regions

• Adding nutrients, especially iron, stimulates phytoplankton blooms

• Phytoplankton fix carbon, resulting in localised drawdown of CO2
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15 years of laboratory and field research…

• have confirmed that adding iron to HNLC regions can stimulate 
phytoplankton blooms (commonly associated with a shift in species 
composition)

• have led to increased understanding of the cycling of iron and other 
nutrients in ocean ecosystems

• have contributed to understanding of the linkages between ocean 
productivity and climate

• BUT many uncertainties remain
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Some historical context

• Continued research interest (1960s onwards, but especially 1990s-
2000s)

• Greatly increased commercial interest (2007 onwards)

• Rapidly increasing policy interest (2007 onwards)
• is it an effective option for climate change mitigation?

• what are the likely nature, scale and acceptability of the consequences (both 
intended and unintended) for marine ecosystems?

• should commercial ocean fertilization developments be allowed? 
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Key international treaties and conventions

• London Convention (1972)

• London Protocol (1996)

• United Nations Convention on Law of the Sea (UNCLOS)

• UN Framework Convention on Climate Change (UNFCCC) and Kyoto 
Protocol

• UN Convention on Biological Diversity (CBD)

• Regional seas conventions (e.g. OSPAR and many others)
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Potential adverse effects

• Toxic phytoplankton blooms (algae) 

• Lack of oxygen in oceanic waters

• Increased emissions of other important climate gases, e.g. DMS and 
nitrous oxide

• Alter food web structure

• Effects on ecosystem scale

• Ocean ecosystems already stressed. Extra stress? Possible collapse??
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Scientific synopses of ocean fertilization
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Recognises three proposed justifications for ocean fertilization:

1. for scientific research
2. for deliberate carbon sequestration
3. for fisheries enhancement

(*Wallace et al. 2010)

IOC-UNESCO Ocean fertilization:
scientific summary for policy makers*
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• “…chlorophyll increased in all [iron] experiments, by 2-25 times, with 
associated increases in carbon fixation.”

• BUT ...
• “... biological and chemical responses to nutrient fertilization are variable and 

difficult to predict.”
• “…adequate verification cannot yet be achieved with currently available 

observing capabilities.” 
• “…we have insufficient knowledge, let alone technique…to reverse any large 

scale, long term changes to ecosystems”

IOC-UNESCO Ocean fertilization:
scientific summary for policy makers
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Summary of reports from US National 
Academy of Sciences
• Climate intervention is no substitute for reductions in GHG or for 

adaptation

• If deployed, carbon dioxide removal techniques (BECCS, DACS) could 
be most predictable

• Attempts to modify albedo (SRM) pose poorly understood risks 
(especially to precipitation and stratospheric ozone) and would not 
address ocean acidification

• SRM would have unique legal, ethical, social, political and economic 
implications
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Summary of reports from US National 
Academy of Sciences
• Nevertheless, research should continue…

• For CDR techniques, research & development at scale

• For SRM techniques…
• More modelling

• Small scale atmospheric experiments (under normal research controls)

• Large-scale atmospheric experiments (only under new governance systems for research)

• Deployment – not in the foreseeable future
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CBD developments (November 2015)
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CBD developments (November 2015)

• Biodiversity is affected by a number of drivers of change that will 
themselves be impacted by proposed CDR and SRM geoengineering 
techniques. 

• If effective, geoengineering would reduce the impacts of climate change on 
biodiversity at the global level. 

• However, in the case of SRM under conditions of high CO2 this would not 
necessarily be the case at local levels, due to an inherently unpredictable 
distribution of temperature and precipitation effects. 

• Benefits for biodiversity of reducing climate change impacts through large-
scale biomass-based CO2 removal seem likely to be offset and possibly 
outweighed, by land use change. 
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CBD developments (November 2015)

• Changes in ocean productivity through large-scale fertilization would 
necessarily involve major changes to marine ecosystems, with 
associated risks to biodiversity. 

• In general, technique-specific side effects that may be detrimental for 
biodiversity are not well understood. 

• Assessment of the direct and indirect impacts (each of which may be 
positive or negative) of climate geoengineering is not straightforward.  

• Further research, with appropriate safeguards, could help to reduce 
some of these knowledge gaps and uncertainties. 

March 2016 Geoengineering the Climate, Royal Society of Chemistry 22



Duprat et al. (2016) [Nature Geoscience] & Costa et al. 
(2016) [Nature]
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Policy & regulatory developments…

• London Convention/London Protocol
• May 2007 – statement of concern

• November 2007 – intention to regulate

• May 2008 – preparation of technical background

• October 2008 – Resolution LC-LP.1

“…given the present state of knowledge, ocean fertilization 
activities other than legitimate scientific research should not be 
allowed”

• February 2009 – start of assessment framework
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Policy & regulatory developments…

• UN Convention on Biological Diversity
• CBD Decision IX/16 (May 2008)

“… requests Parties and urges other Governments, in accordance 
with the precautionary approach, to ensure that ocean fertilization 
activities do not take place until there is an adequate scientific 
basis on which to justify such activities, including assessing 
associated risks, and a global, transparent and effective control and 
regulatory mechanism is in place for these activities; with the 
exception of small scale scientific research studies within coastal 
waters.”
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Policy & regulatory developments…

• London Convention/London Protocol
• October 2009 – first attempts to reach legally-binding 

agreement to prohibit all ocean fertilization activities other 
than legitimate scientific research (LSR-OF)

• March 2010 – intersessional legal working group to explore 
options further

• April 2010 – Scientific Group completes assessment framework 
for LSR-OF

• October 2010 – final agreement on assessment framework but 
still no legally-binding measures
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Ocean Fertilization Assessment Framework (OFAF)
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The OFAF (2010) in operation

1 INTRODUCTION AND SUMMARY

1.1  Ocean fertilization is defined as any activity undertaken by humans 
with the principal intention of stimulating primary productivity in the 
oceans. Ocean fertilization does not include conventional aquaculture, 
or mariculture, or the creation of artificial reefs. 

…

2 INITIAL ASSESSMENT  

2.1 The received proposal should include a description of the activity 
falling within the definition of ocean fertilization in paragraph 1.1 
above. 
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The OFAF (2010) in operation

2.2 In order to determine if a proposed activity has proper scientific 
attributes, it should meet the following criteria:  

.1 the proposed activity should be designed to answer questions that 
will add to the body of scientific knowledge.  

• Proposals should state their rationale, research goals, scientific 
hypotheses and methods, scale, timings and locations with clear 
justification for why the expected outcomes cannot reasonably be 
achieved by other methods
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The OFAF (2010) in operation

2.2 In order to determine if a proposed activity has proper scientific 
attributes, it should meet the following criteria:  

.2 economic interests should not influence the design, conduct and/or 
outcomes of the proposed activity.  

• There should not be any financial and/or economic gain arising 
directly from the experiment or its outcomes.  This should not 
preclude payment for services rendered in support of the experiment 
or future financial impacts of patented technology
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The OFAF (2010) in operation

2.2 In order to determine if a proposed activity has proper scientific 
attributes, it should meet the following criteria:  

.3 the proposed activity should be subject to scientific peer review at 
appropriate stages in the assessment process.  

• The outcome of the scientific peer review should be taken into 
consideration by the Contracting Parties.  The peer review 
methodology should be stated and the outcomes of the peer review 
of successful proposals should be made publicly available together 
with the details of the project.  Where appropriate, it would be 
beneficial to involve expert scientists from other countries
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The OFAF (2010) in operation

2.2 In order to determine if a proposed activity has proper scientific 
attributes, it should meet the following criteria:  

.4 the proponents of the proposed activity should make a 
commitment to publish the results in peer reviewed scientific 
publications 

• …and include a plan in the proposal to make the data and outcomes 
publicly available in a specified time-frame.
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The OFAF (2010) in operation

2.3 Proposed activities that do not meet the above criteria cannot 
proceed through subsequent stages of the Framework without 
revision.  Only proposed activities meeting these criteria should 
proceed through subsequent stages of assessment. 
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Policy & regulatory developments…

• UN Convention on Biological Diversity
• CBD Decision at COP 10 (October 2010)

• “(w) Ensure, … in the absence of science based, global, transparent and 
effective control and regulatory mechanisms for geo-engineering, and in 
accordance with the precautionary approach and Article 14 of the Convention, 
that no climate-related geo-engineering activities that may affect biodiversity 
take place, until  there is an adequate scientific basis on which to justify such 
activities and appropriate consideration of the associated risks for the 
environment and biodiversity and associated social, economic and cultural 
impacts, with the exception of small scale scientific research studies that would 
be conducted in a controlled setting  in accordance with Article 3 of the 
Convention, and only if they are justified by the need to gather specific scientific 
data and are subject to a thorough prior assessment of the potential impacts on 
the environment;

•
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Policy & regulatory developments…

• London Convention/London Protocol
• April 2011 – Scientific Group considers implications of new 

studies and reports

• June 2011 – intersessional legal working group to discuss 
specific legal proposals

• October 2011 – final agreement on legally-binding measure 
expected…but not reached

• October 2012 – new approaches proposed to try to reach 
agreement…but still ongoing
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Policy & regulatory developments…

October 2013… 

first international 
legally-binding 
regulation of a 
geoengineering 
technique
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2012: Haida Salmon Restoration Corporation
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Haida Salmon case response: November 2012
• The Parties to the London 

Convention and London Protocol 
(LC/LP) express grave concern 
regarding the deliberate ocean 
fertilization activity that was 
recently reported to have been 
carried out in July of 2012 in waters 
off the Canadian west coast.

• The Parties to the London 
Convention and London Protocol 
reiterate, as agreed in 2008, that 
ocean fertilization activities, other 
than legitimate scientific research, 
should not be allowed.
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Solar radiation (albedo) management
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Candidate particles for SRM

• Sulphate/Sulphuric Acid/Sulphur Dioxide

• Titania (TiO2) (rutile or anatase)

• Silicon Carbide (SiC)

• Diamond (C)

• Dust (either Arizona test dust of NX-illite)

• Calcium Carbonate

• Alumina (alpha-Al2O3)

• Silica (SiO2)

• Zinc Oxide
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The Oxford 
Principles

...a proposed set of initial guiding principles for the 
governance of geoengineering...

• Principle 1: Geoengineering to be regulated as a public good.

• Principle 2: Public participation in geoengineering decision-making

• Principle 3: Disclosure of geoengineering research and open 
publication of results

• Principle 4: Independent assessment of impacts

• Principle 5: Governance before deployment
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Are such principles enough…?

• Will the LC-LP approach to regulation of ocean fertilisation be 
sufficient and effective?

• How readily can it be adapted to include regulation of other marine 
climate engineering-related activities?

• Could a similar model be developed to regulate other proposed 
climate engineering activities?

• If so, where could that happen…?
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