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Climate engineering — many things to many
eople...

e 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

Introduction

This leaflet is a briaf summary of marine
geoengineering techniques that have been
proposad to date together with pointers to more
detailad sources of information through hyperlinks
toall the raferences. Due to spacs limitations,
thera is limited detail about the tachniques and
little or no information on the impacts of them. Tha
reader is directed to tha referances provided for
further information. Balter and Seidel (2013) have
shown that over the last § years there has been

a dramatic increase in the number of media and
sciantific publications on gacenginearing/ciimata
engineering. This s also reflected in the number

of Google searches on the subject as shown

in a graph in David Kaith's presantation atan
American Mateorological Sociaty maating in 2011
at 28 minutes 45 seconds.

Major Types of Marine Geoengineering

Climate-related geoangineering techniques
predominantly address carbon dioxide (CO,)
and are generally classified into 2 types, namely
*Solar Radiation Management" (SRM) and
“Carbon Dioxide Removal’ (CDR). Techniques
to address other climate warming substances
6.0. methane are very limited and at an early
stage of davelopment. Aimost all the marine
geoengineering techniques fall into the CDR
category. For the purposes of the London
Convention and Protocol, it is more useful to
classify marine geoengineering tachniques into:
« Those involving the deposit of wastes or other
matter into the ocean, and
« Those involving the deposit of structures or
devices into the ocean, whather free floating,
floating but tathered to the seabad or diractly
placad on the seabed
Bacauss of the uncertainties about both the
techniques themselves as wall as their effects, it
would often not be clear whether such daposits
would be dumping or placement under the London
Protocal (LF)

It should be noted that a number of schemes
have baan proposad involving placing substancas/
wastes or structuras in the ocean for purposes
other than for climate change mitigation. These
schemes can have side-affects that may ba very
similar to certain types of climate geoangineering
and sama of them may be considered to be types
of marine geoengineering - sea Box 1.

Marine Geoengineering - Deposits of
Wastes or Other Matter

Ocean fertilization - This involves the deposit of
iron, nitrogen or phosphorus compounds intended
to stimulate primary productivity and thus through
the "biological pump’, increase the carbon flux
into deap-ocean whera the carbon will remain for
a period of from hundreds to several thousand
years. This has been the subject of some dozen
field expariments and many papers and reparts
with notable reviews from the CBD (2009), ECOR
(2012), NOAA (2010), Wallace et al. (2010) and
Willlamson et al. (2012a). The resuits of natural
acean fertilization events have been reported

by Blain et al. (2007), Pollard et al. (2007),
Pollard et al. (2009) and Wolff ot al. (2011) and
ther effacts provide a useful perspective when
considering the potential effects of artificially
induced ocean fertilization,

Use of Marine Macroalgae for Carbon
Sequestration — Proposals for sequestering
carbon through growing marine macroalgae date
back to the early 1990's - see Ritschard (1992).
Mora recantly a few papers and reports have
looked at the approach anew. Chung et al. (2011)
ciitically appraised the approach, finding that it
could play a significant role in carbon sequestration
and amelioration of graenhouse gas emissions
N'Yeurt ot al. (2012) proposed that ‘Ocean
Macroalgal Afforastation” has the potential to
reduce atmospheric CO, levels. These approaches
are all at a very early stage of development with
much more research needed to explore the
possibiltties, practicalities and potential problems.
There has also bean some investigation of the use
of marine macroalgae as a fuel e.g. see Roberts



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?

* |s our knowledge base on effectiveness and potential adverse impacts
developed enough to allow regulated research and deployment?



Royal Society — headline messages
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* “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”.

Geoengineering the Climate, Royal Society of Chemistry



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”.



‘the global thermostat™

down

Turning



http://images.google.co.uk/imgres?imgurl=http://www.bradfordschools.net/hotpot/Unit 8.1/thermostat.gif&imgrefurl=http://www.bradfordschools.net/hotpot/Unit 8.1/81.htm&usg=__e478pf033V-J6-RAyj7bxkxAu0g=&h=568&w=606&sz=15&hl=en&start=2&tbnid=HkUBe-M6cbOMtM:&tbnh=127&tbnw=136&prev=/images?q=thermostat&gbv=2&hl=en
http://images.google.co.uk/imgres?imgurl=http://www.bradfordschools.net/hotpot/Unit 8.1/thermostat.gif&imgrefurl=http://www.bradfordschools.net/hotpot/Unit 8.1/81.htm&usg=__e478pf033V-J6-RAyj7bxkxAu0g=&h=568&w=606&sz=15&hl=en&start=2&tbnid=HkUBe-M6cbOMtM:&tbnh=127&tbnw=136&prev=/images?q=thermostat&gbv=2&hl=en

* 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?
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Climate engineering — many things to many
eople...

e 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

Introduction

This leaflet is a brief summary of marine
gaoengineering techniques that have been
proposad to date together with pointers to more
detailed sources of information through hyperlinks
toall the raferences. Due to space limitations,
thera is limited detail about the tachniques and
little or no information on the impacts of them. Tha
reader is directed to the referances provided for
further information. Balter and Seidal (2013) have
shown that over the last § years there has been

a dramatic increase in the number of media and
scientific publications on gecengineering/climate
engineering. This s also reflected in the number

of Google searches on the subject as shown

in a graph in David Keith's prasentation at an
American Meteorological Society maeting in 2011
at 28 minutes 45 saconds.

Major Types of Marine Geoengineering

Climate-related geoangineering techniques
predominantly address carbon dioxide (CO,)
and are generally classified into 2 types, namely
*Solar Radiation Management" (SRM) and
“Carbon Dioxide Removal’ (CDR). Techniques
to address other climate warming substances
©.0. methane are very limited and at an early
stage of davelopment. Aimost all the marine
geoengineering techniques fall into the CDR
category. For the purposes of the London
Convention and Protocol, it is more useful to
classify marine geoengineering tachniques into:
« Those involving the deposit of wastes or other
matter into the ocean, and
« Those involving the deposit of structures or
devices into the ocean, whather free floating,
floating but tathered to the seabad or diractly
placad on the seabed
Bacauss of the uncertainties about both the
techniques themselves as wall as their effects, it
would often not be clear whether such daposits
would be dumping or placement under the London
Protocal (LF)

It should be noted that a number of schemes
have baan proposad involving placing substancas/
wastes or structuras in the ocean for purposes
other than for climate change mitigation. These
schemes can have side-affects that may ba very
similar to certain types of climate geoangineering
and sama of them may be considered to be types
of marine geoengineering - sea Box 1.

Marine Geoengineering - Deposits of
Wastes or Other Matter

Ocean fertilization - This involves the deposit of
iron, nitrogen or phosphorus compounds intended
to stimulate primary productivity and thus through
the "biological pump’, increase the carbon flux
into deap-ocean whera the carbon will remain for
a period of from hundreds to several thousand
years. This has been the subject of some dozen
field expariments and many papers and reparts
with notable reviews from the CBD (2009), ECOR
(2012), NOAA (2010), Wallace et al. (2010) and
Williamson et al. (2012a). The reslts of natural
acean fertilization events have been reported

by Blain et al. (2007), Pollard et al. (2007),
Pollard et al. (2009) and Wolff ot al. (2011) and
ther effacts provide a useful perspective when
considering the potential effects of artificially
induced ocean fertilization,

Use of Marine Macroalgae for Carbon
Sequestration — Proposals for sequestering
carbon through growing marine macroalgaa date
back to the early 1990's - see Ritschard (1992).
Mora recantly a few papers and reports have
lookad at the approach anew. Chung et al. (2011)
ciitically appraisad the approach, finding that it
could play a significant role in carbon sequestration
and amelioration of graenhouse gas emissions
N'Yeurt ot al. (2012) proposed that ‘Ocean
Macroalgal Afforastation” has the potential to
reduce atmospheric CO, levels. These approaches
are all at a very early stage of development with
much more research needed to explora the
possibiltties, practicalities and potential problems.
There has also been some investigation of the use
of marine macroalgae as a fuel a.g. see Robarts



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

e 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



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 CO,



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



Some historical context

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

e Greatly increased commercial interest (2007 onwards)

e 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?



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)



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??



Scientific synopses of ocean fertilization

Secretariat of the CBD Technical Series No. 45
Convention on
Biological Diversity

Scientific Synthesis
-~ 3P of the Impacts of

g Ocean Fertilization
- on Marine
_ B

iodiversity

Biological Diversity UNEP WCMC

March 2016 Geoengineering the Climate, Royal Society of Chemistry



IOC-UNESCO Ocean fertilization:
scientific summary for policy makers*™

Recognises three proposed justifications for ocean fertilization:

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

(*Wallace et al. 2010)
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IOC-UNESCO Ocean fertilization:
scientific summary for policy makers

e “ ..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.”

e “..adequate verification cannot yet be achieved with currently available
observing capabilities.”

e “..we have insufficient knowledge, let alone technique...to reverse any large
scale, long term changes to ecosystems”

March 2016 Geoengineering the Climate, Royal Society of Chemistry 17



Summary of reports from US National
Academy of Sciences

e 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



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



CBD developments (November 2015
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UNEP
Dhstr.
GENERAL
. UNEP/CBD/SBSTTA/19/TNF.2
Convention on 5 October 2015
Biological Diversity ENGLISH ONLY

—————————————————————————
SUBSIDIARY BODY ON SCIENTIFIC,

SUBSIDIARY BODY ON SCIENTIFIC,
TECHNICAL AND TECENOLOGICAL ADVICE

Nineteanth mesting

Dontreal, 2-3 Movember 2013

Item 4.2 of the provisional agenda*

UPDATE ON CLIMATE GEOENGINEERING IN RELATION TO THE CONVENTION ON
BIOLOGICAL DIVERSITY: POTENTIAL IMPACTS AND RECULATORY FRAMEWORK

Note by the Exscutive Sscratary

L In response to decision 333, the Secretariat published, in 2013, CBD Technical Series Mo, 66:
Geoenginesying in Rslation to the Convention on Biological Diversity: Technical and Regularory Matters
(http-/worw.cbd int'doc/'publications/cbd-tz-66-2n. pdf). The study provided a scisntific referance basis for
the decizion adopted at the eleventh meeting of the Conference of the Partiaz.
2 In decision XI'20, paragraph 16(z), the Conference of the Parties requested the Exscutive
Secratary, subject to the availability of financial and zt the appropriate time, to prepare, provide
for pear-review and submit for consideration by a foture meeting of the Subsidiary Bodv on Scientific,
Techmical and Tec]mnlnvmal Advice (SBSTTA) an update on the potentizl impacts of gecenginearmg
1 on biodi , and on the ragul ke of climate-ralated gecengineering relevant to
the Convention cn Bmlngu:al Diversity, d.mmng upon all relevant scientific reports zuch as the Fifth
Aszeszment Feport of the I.ntergu\emmtmal Panel on Climate Changs and discussions under the
Environment hanagement Group.
3. An interim update of mformation om the potential impacts of climate gecengineering on
biodiversity and the regulatory framework relevant to the Convention on Biclogical Diversity was made
zvailable in June 2014 for the eighteenth mesting of SBSTTA (UNEP/CBD/SESTTA/1SINF/S). The
Synthesis Keport of the Fifth Aszseszment Report of the Intergovernmental Panel on Climate Change now

having been published, the update d by the Conf: of the Parties has been prapared for
consideration by SBSTTA at it= nmelzeeuth meeting.
4. The present nots expands on the mterim update preparsd for SESTTA-18, with the inclusion of

additional information from the Syntheszis Report of the Fifth Asseszment of the Intergovernmental Pansl
on Climats Changs, and other more recent publications. This raport has been prepared by the Sscretariat
of the Convention on Biological Diversity with the assistance of the lead authors' of Parts I and II of CBD
Technical Series No. 66,

3. A draft of this note has been made available widely for peer-review, including to the authors of
and comtributors to the earlier studies, and the experts nommated as reviewers through notification
2015016 of 12 Febrnary 2015

6. The key meszages of thiz note have been reproduced in document UNEP/CBDVSBSTTAST.

* UMER/CEDVEBETTALY.

' Chaptars 1-5: Phillip Williameon, scting in &n independent capacity suppart from the UK Natural Environment Research
Council, and with assitance on BECCS-related text by Macmi Vaughan [University of East Anglia} and Clair Gaugh [University of
Manchester|. Chapter 6: Ralph Badle, Ecologic Institute, Berlin, Germany.

CBD
GENERAL
Convention on UNEP/CBD/SBSTTAREC/XTXT
4 Novembar 2015

Biological Diversity
ORIGINAL: ENGLISH

TECHNICAL AND TECHNOLOGICAL ADVICE
Nineteenth masting
Mantreal, Canada, 2-5 Novembar 2013
Apendaitem 4.2

RECOMMENDATION ADOPTED BY THE SUBSIDIARY BODY ON SCIENTIFIC,
TECHNICAL AND TECHNOLOGICAL ADVICE

XIX/7. Climate-related geoengineering

The Subsidiary Body on Scientific, Technizal and Technological Advice,

Rscalling decizsions 3033 and XI'20 and the information contaimad in Technical Series No. 66 of

the Convention on Biological Diversity,'

Noting that the Intergovernmentzl Panal on Climate Chau,e m its Flﬂ.h -\s-emeut R.epqrt has

not addreszed, in detail, the impacts of climate-relatsd g Ting on t ity and
ecosystems,
1 Takss note of tha updated report on climate-related geoengineering in relation to the

Convention on Biclogieal DA\‘erslh and the information contained in the note by the Exacotive Secratary

on climate-related gecenginsering,

2 FRscommends that the Conference of the Parties at its thirteenth maating adopt 2 decizion

along the following lmas:
The Conference af the Parties

(a) Reaffirms paragraph &, in particular ite subparagraph (w), of decision 333, and

decision XI20;

&) Recalls paragraph 11 of decision XI20, in which the Conferance of the Partiez
notad that the lication of tha h as well as customary mtemational law,
including the general chligations of States \\m‘.h rey:d to activitiss within thair jurisdiction or
control and with regard to possible consequences of those activities, and requirements with regard
to emvi ] impact may b relevant for geoengineering activities but would still

form an incomplete basis for global regulation;

() Recalling paragraph 4 of decizion HI'20, in which the Confarence of the Partias
emphasized that climate change should primarily be addressed by reducing anthropegenic
emizsions by sources and by increasing removals by sinks of greenhouse gases under the United

| Geoengineering in Relation 15 the Comvention on B
www chd. mt'doc/ publications chd-tz-56-en pdf
*UNER/CED/SESTTA/19TNFL
'UMEP/CEDVSESTTAILT

ical Diversity: Technical and Regulatory Marrers, available at

Geoengineering the Climate, Royal Society of Chemistry

20



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.

* |f 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 CO, 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 CO, removal seem likely to be offset and possibly
outweighed, by land use change.



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.



Duprat et al. (2016) [Nature Geoscience] & Cos
2016) [Nature]
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Enhanced Southern Ocean marine productivity
due to fertilization by giant icebergs

Luis P. A. M. Duprat, Grant R. Bigg* and David J. Wilton

Primary productivity is enhanced within a few kilometres of

nutrients and trace elements during iceberg melting. However,
the influence of giant leeberssm 18 km in length, onlIilile
primary
Here we present an analysis of 175 satellite images of bpel
ocean colour before and after the passage of 17 giant icebergs
between 2003 and 2013. We detect substantially enhanced
chlorophyll levels, typically over a radius of at least 4-10 times
the iceberg's length, that can persist for more than a month
following passage of a giant iceberg. This area of influence is
mthnanﬂderof magnitude larger than that Inll\d for
b mﬂ!fﬂ' hip-based
icebergs'. i ilamwof
5-10 over the imafllilleuoe, we ﬁhm that qﬂn a ﬁlll
of the Southern Ocean's carbon fl

using remote sensing, to show that ocean fertilization from such
scebergs 15 much larger than previously suspected.

Chlorophyll levels are well known to be raised near loebergs'='®.
This dertves from the meltwater plumes from icebergs contalning
significant concentrations of fron, but also a range of other
nutrients¥. As the Southern Ocean 15 a high-nutrient low-
chlorophyll (HNLC) reglon®, & 1s the bloavaiable sron known
to be In nanoparticle aggregates of ferrthydrite and goethite In
sceberg sediments” that is the key nutrient within this meltwater.
Dissolution of these particles leads to enniched concentrations of
dissolved tron in the meltwater plume at levels 101,000 times those
due to atmospheric dust™. Ship-based studles have demonstrated
that, fior an sceberg of maximum honzontal size L, chlorophyll levels
are enhanced downstream over a distance of ~I, (ref. 20). Similarly,
it has been shown using SesWIFS ocean colour that the probabdity

giant iceberg fertilization. We suggest M if giant lueberg
calving increases this century as expected®, this negative
feedback on the carbon cycle may become more important.
‘The Southern Ocean 1s a significant sink in the ocean component
ufﬂw global carbon c}tl.e cnm.rlb\.um; ~10% of the ocean’s total
Ixture of chemscal and biologically
d.rlun PrOCEsses”. Huw:'\‘r 1ts contributson Is at a lower kevel than
that of the smaller South Pacific and Indlan Oceans®, owing to its
low concentration of dissolved fron, an Important trace nutrient
for primary production®. Atmospheric dust 15 & major background
source of fron to the region”, but fron-rich sediment fuxes from
islands®, continental shelves®, ice sheet meltwater'™ and melting lce
bergs' are known to be other, locally much more important, sources
aof fron. There are a few large-scale esttmates of the contribution of
tcebergs to the Southern Ocean tron fhux, dertved from modelling
studies of typical sub-kilometre sized loebergs'™® scaling up of
observational studtes™ Drhmul.esc‘nsu\gstudl.cs A liuwmr Ihcsl:
ass well by those
sub-kilometre, peak in the very bimodal size distribution'. In fact
ahout half the totz] iceberg discharge volume 15 made up of giant
icebergs'™ —those exceeding 18km in hortzontsl dimenslon—and
there have at present been only two observational studies of the
phytoplankton blooms dose to individuz] glant icebergs, bath In
conditions within or near sea-ice cover in the Weddell Sea'?. Such
areas may be subject to enhanced productivity due to the impact of
sea-ice fertilization®. Although the calving of glant scebergs is very
episodic’, they dertve from 2 range of geographical and geologic
environments around Antarctica, and are thus Hkely to have differ-
ent ron and nutrient characteristics. Several dozen such scebergs are
present in the Southern Ocean at any one time', and they can sur-
wvive for many years. Fven when In areas of open water, giant icebergs
cansurvive for longer than a year'”. Here we examine the chlorophyll
signature from a range of glant icebergs in the open Southern Ocean

afc ¥il being enhanced six days after an iceberg with 2 L, of
~-1km has passed over a location & a third higher than from chance
alone’. However, the Inherent practica] limitations of these studles
mean that an accurate picture of the chlorophyll enhancement in
waters surrounding a glant iceberg 1s not known.

The potentlal for major enhanced production around giant
scebergs is shown In Fig 1, where chiorophyll levels in excess
of ten times background extend In plumes at least 3-4 L,
both upstream and downstream of iceberg C16. Examining the
chlorophyll signal of a range of glant lcebergs calved from around
Antarctica over a ten-year period (see Supplementary Methods and
Supplementary Table 1), it Is found that such an enhancement 1s

nd long lasting. & c enhancement by a factor
of ten s found at least a month following passage of a glant iceberg
(Fig. 22). This order of magnitude enhancement peaks 50-200km
from the glant lceberg, but some enhancement typically extends
for over 500km from the loeberg (Fig. 2b), and occastonally for
aver 1,000km. Note that Fig. 2b also implies that measurements
taken near @ giant fceberg, as has normally been necessary In
fleld campaigns, will significantly underestimate the fertilization
peak. This lower production near the sceberg, and the unexpected
enhancement of production ahead of the iceberg, are probably due
to the buoyant plume assoctated with the basal melting of the
sceberg. The buoyant meltwater plume takes a bttle time to rise
to the surface shead of the iceberg™. This displacement, coupled
with the need for time for the enhanced production to develop and
passthle incressed phytoplankton predation close to the iceberg®,
means that the fertiization near the iceberg 1s lower than further
afield. It then spreads out near the surface, transporting dissolved
material, allowing this fertizing matertal to move ahead of the
sceberg, driven by the surface ocean current. Figure | shows that
this forward fertilization can be substantisl.

There is no statsstically signtficant difference between
the magnitude of fertiization effects In spring and summer.

Department of Geography, University of Sheffield, Sheffield 510 2TN, UK. *e-mail: grant bigng@sheffield.ac uk
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No iron fertilization in the equatorial Pacific Ocean

during the last ice age

K. M. Costa’?, 1 1t McManus'?, R, 1. Anderson®Z, H. Ren®, 1. M. Sigman®, G. Winckler'?, M. Q. Fleisher!, I Marcantonio® &

AL G Ravelo®

The equatorial Pacific Ocean is one of the majo
low-chlorophyll regions in the global ocean. In such regions, the

tion of the availabl trisnts such 28 ni 4

te is thought o be limiled in part by Uhe low abundance
of the critical micro-nutrient iron'. Greater atmospheric dust
deposition” could have fertilized the equatorial Pacific with iron
during the last ice age — the Last Glacial Period (LGP)— but the
effect of increassd ice-age dust fltms o pnmrymdud:mly in lhc

tramsects of dust (derived lmg:rhzmm proxy), phytoplankion
Dipy

of mitral bound &N} [

Here we present new proxy data on dust flux (Z2Th flux, see
Methods), bological productivity Cexport production Lhe export
ol organic matter oul of surface waler, as reconstrucied from the
opal fhux, excess bartum fhux, and PP/ Th, for which *'Thand

"Pa represent excess Inftkal PTh and 2'Pa, respectively) and
ithe degree of nitrate consumption (foramintfora-bound 8N}
fram a north-south transect of six cores from the central equale
rlal Pactflc (0.22°5 1o 6.83" M, 156°-161°W; Extended Data Fig. 1)
al two time dices: the Holocene (010,000 years age) and the LGP
(17,000-27,000 years ago). The relatively shallow water depths
[averane 3,000m) resull in low rales of carbonate dissolution and

in the central rial Pacific for the Holocene (0-10,000
years ago) and the LGP (17,000-27,000 years ago). We find that,
although dust deposition in the central equatorial Padﬁumsm

tothree ti im the LGP than in
waslbennent lower, and the degree of nitrate consumption was
the

suggest that

greater ice-age dust fluxes w\en Bot large enough to pmmlr
Pacific. This
iy b b of dust dep in the
LGP {although greater than IthoImm] m\’efyluw The
Tower coupled with unch

mm.s that the subsurface major nutrient concentrations were
loweer in the central equatorial Pacific during the LGR As these
nulrients are Indxy ominantly snurmd Emm the Suhanl.m:llc
Zoneol Ocean,
hﬂﬁcdﬂlmmmﬂﬂuﬂmlmmllmmmnl he
Subantarctic Fone, possibly m-ﬁuglnimlﬁemlimumasa result
of higher absolute dust fluxes in this region "4, Thus, ice-age iron

worked

to lower, not raise, equatorial Pacific productivity.

“The magor nutrients for phytopkankion growih (nitrogen. phospha-
rus and silicon) are supplied Lo the surface walers of the equalorial
Facillc by wind-driven upwolling along the Equator. Thedr consump-
tion by phytoplankion 1s thought to be lmited ln part by the low
concentrations of the critical muicro-nutrient mm Successful iron

af rabast
madels (I-!Imded [hata Fig. 2, Extended Data Table 1), I-urlhalmDNL
‘Uhese core sites are far from Uhe castorn conlinental mangins, and so
B2 at these sites predominantly reflects the flu of airborne dust
particles?. Contral equatortal e surface waters are dominantly
sawrced with niirate from the: orkal Undercurment, which orig-
nales in the west'". Thus, relative to the tropical Pacific as whole, the
G5 of the nitrate supply in the contral equatortal Pactiic 1s unlikely
'l be partscularly sensitive o changes In eastern Pachfic denitrification
{see Methouds),

Tecause the contral equatorial Pactfic bs far from dust sources, recon-
structed dust luxes are among the lowest ever measured?, um*-lnP
dust fluxes along the 160° W Lransect average 11.0mgem *kyr
with a maxtmm of 128 mpgemkyr ! at 2.46° N (Fig. 12), There 1sa
‘weak decline 1n dust fux with lncmaslnxg latdude (' —0.42, P—0.88),
withy the bowest dust M (2.8 mgem ke ') at the most northery
«wore. This negative correlation 15 In contrast (o more eastedy (110° W,

1407 W) meridional iransects, where the highest dust fluxes occur

al the more northerly cores'®. Relative to the Holocene, ice-age dust
Mliaxes are 1NB1l}Ihlbcllm\'€ gmn-t along the 160° W iransect, aver-
‘aging 28 Gmgcm ?kyr with a maximum of 322 mgcm "‘JqT LAl
2.46° N, The dust fhsxes are remarkably constant as a funclion of
latiisde. Owerall, the greater dust fues during the LGT ane conslstent
with other reconstructions across the equatortal Pacilic, which find
glactal dust Buxes 0.7 to 3.4 mes those of the Holocene (Fig. 2).

However, m‘mp«laﬂlunsofw-aplrmfmdmlm uonnl conme-

fertillzation experiments in the modern ocean®
he sensitivity of these reglons 1o changes in the micro-nulrient sip-
ply. Dust dissolution Isonuwulmollmmlolhenrmn globally

‘spond roiduc
from opal flux.mw;s barum flu, o Th; see Methods). Core-tog:
P Lal 160° W average 47 mgem 2 kyr ! and

incressod dust faxes” may 1 iran disring
the poak of the LGP There 1s evidence for iron fertilization? in the
Subantarctic Zone of the Southern Ocean, and the assocated carbon
storage in the deep ocean may have been responstble for almost halfof
the carbon divxtde dravadown during the LGP, However, the effects
of increasad e age dust fluxes on the equatorial Pacific are debated® 5,

with Jatitsede ( — 090, P—0.31) (Fig, 1b), The:
maximum upa] fux (7omgem- 2 kyr ') occurs a the Fquator, which
15 constsient with higher surface prodisctiviey within the equatorial
upwelling zone. Compared o the core-top fuxes, glacial opal fues.
are mastly lower, averaging 37 mgem*kyr ', 2 nding that 1 incon-
ststent with the expectations of local iron fertilization. Glackl fuxes

with buoth for ron In  alsodiminish Tromn the Equator, conststent with a stabe
the ezstern equatorial Paciflc. position for the upwelling.

i b, Neow ek LOPS6.4, LESA, 0 Mo Sark, N Yok 10027,
[ Manead Tapat 106, Totwan. Fiw Jerszy OHSM, LIEA. “Depanmo of Gaolcgy
0 Gaepiysis, B , T TTBA2, LA, oy , S e, Lk

I8 JANUARY 7006 | V0L 579 | RATURE | 519

e

Geoengineering the Climate, Royal Society of Chemistry

23



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”
e February 2009 — start of assessment framework



Policy & regulatory developments...

* UN Convention on Biological Diversity
e CBD Decision I1X/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.”




Policy & regulatory developments...

* London Convention/London Protocol

e 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

e April 2010 — Scientific Group completes assessment framework
for LSR-OF

e October 2010 —final agreement on assessment framework but
still no legally-binding measures



Ocean Fertilization Assessment Framework (OFAF

Annex 6, page 1
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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.



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



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



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



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

e ...and include a plan in the proposal to make the data and outcomes
publicly available in a specified time-frame.



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.



Policy & regulatory developments...

* UN Convention on Biological Diversity
e 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;




Policy & regulatory developments...

* London Convention/London Protocol

e April 2011 — Scientific Group considers implications of new
studies and reports

e June 2011 —intersessional legal working group to discuss
specific legal proposals

* October 2011 —final agreement on legally-binding measure
expected...but not reached

e October 2012 — new approaches proposed to try to reach
agreement...but still ongoing



Policy & regulatory developments...
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Marine geoengineering including ocean fertilization to be regulated under
amendments to international treaty

35th Consultative Meeting of Contracting Parties to the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, 1972 (London Convention) 8th meeting of
Contracting Parties to the 1996 Protocol thereto (London Protocol)

Briefing: 45, October 18, 2013 122 | M Tweet) 22 £ Share S

Marine geoengineering, including ocean fertilization, will be regulated under amendments to the 1996 Protecel to the
international treaty which regulates the dumping of wastes and other matter at sea.

The amendments, adopted on Friday (18 October) by Parties to the 1996 Protocol to the Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter, 1972, add a new article 6bis which states
that “Contracting Parties shall not allow the placement of matter into the sea from vessels, aircraft, platforms or other
man-made structures at sea for marine geoengineering activities listed in Annex 4, unless the listing provides that the
activity or the sub-category of an activity may be authorized under a permit”.

Marine geoengineering is defined as “a deliberate intervention in the marine environment to manipulate natural
processes, including to counteract anthropogenic climate change and/er its impacts, and that has the potential to
result in deleterious effects, especially where those effects may be widespread, long-lasting or severe”.

A new Annex 4 on “Marine gecengineering” lists “Ocean fertilization”, 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.”

The Annex provides that all ccean fertilization activities other than those referred to above shall not be permitted.

An ocean fertilization activity may only be considered for a permit if it is assessed as constituting legitimate scientific
research taking into account any specific placement assessment framework.

Geoengineering the Climate, Royal Society of Chemistry
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2012: Haida Salmon Restoration Corporation

et
@ Haid&$almon Restoration Corporation
ety hing

SOWING CONTROVERSY
A company backed by a Canadian indigenous
group has attempted to fertilize a region of the
Pacific Ocean important for salmon stocks.

. CANADA

®0ld Massett

Site of ocean
fertilization
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Haida Salmon case response: November 2012
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Parties to international dumping treaties express concern regarding reported iron
fertilization incident

34th Consultative Meeting of Contracting Parties to the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, 1972 (London Convention) and 7th meeting of
Contracting Parties to 1996 Protocol thereto (London Protocol)

Briefing: 47, Mavemnber 2, 2012 ElLike | 48 W Tweet 23

T
Parties to the international treaties which regulate the dumping of wastes and other matter at sea have issued a
statement of concern regarding the deliberate ocean fertilization activity that was recently reported to have been
carried out in July of 2012 inwaters off the west coast of Canada

The Contracting Parties to the Corvention on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matter, 1972 (London Corvention) and to the 1936 Protocol thereto (London Protocal), meeting in Loncan from 28
October to 2 Movernber 2012, expressed "grave concern” regarding this activity, reportedly conducted by the Haida
Salmon Restoration Corporation, and which involved the deliberate introduction into surface waters of 100 metric
tonnes of iron sulfate.

The statement refers to an agreement made in 2008 that ocean fertilization activities, other than legitimate scientific
research, should not be allowed. It goes on to point out that legitimate scientific research is defined as those
proposals that have been assessed and found acceptable under the 2010 "Assessment Framework for Scientific
Research Invalving Ocean Fertilization." This, it says, should be used to determine, with utmost caution, whether a
proposed ocean fertilization activity constitutes legitimate scientific research or is contrary to the aims of the Protocal
or Convention. The statement also strongly re-emphasises the point that economic interests should not influence the
design, conduct and/or outcomes of any proposed ocean fertilization activity

In the statement, the Parties recognized the actions of the Government of Canada in investigating this incident anc
stressed that ocean fertilization has the potential to have widespread, long-lasting, and severe impacts on the marine

environment, with implications for human health

The full text of the statement can be found on the IMO website

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 (TiO,) (rutile or anatase)

e Silicon Carbide (SiC)

* Diamond (C)

e Dust (either Arizona test dust of NX-illite)
e Calcium Carbonate

* Alumina (alpha-Al,0,)

* Silica (SiO,)

e Zinc Oxide
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...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




Are such principles enough...”?

e 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...?



