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Development of R&D to progress ocean-based CDR approaches to basin-scale deployment scales 

“It is essential to first elucidate the longer-term goals and then identify the trajectory towards a full implementation.”

“This trajectory must be formulated around the scientific and engineering questions relevant for any geoengineering
technique at each stage of its development.”
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Issues to consider for the development of a R&D agenda to progress ocean-based CDR approaches 

“It is essential to first elucidate the longer-term goals and then identify the trajectory towards a full implementation.”

“This trajectory must be formulated around the scientific and engineering questions relevant for any geoengineering
technique at each stage of its development.”
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Full Implementation 
& Deployment

Working backwards - Knowledge gaps 

Repeated deployments
Of OIF over multiple years 

Proving “Additionality” sensu Kyoto Protocol 

Boyd & Bressac
(2016)



Full Implementation 
& Deployment

Working backwards - Knowledge gaps 

Where and at what scale?

Circulation
Depth of permanent pycnocline
Air/sea equilibration timescales
Resident Fauna
Degree of Anthropogenic change
Ocean temperature
Depth/bathymetry 

NASA



Full Implementation 
& Deployment

Working backwards - Knowledge gaps 

Other actors

Its unlikely that only one
Climate intervention will be deployed
In the ocean 

There are also likely to be 
Concurrent feedbacks, variability, altered
emissions (hysteresis, see Aurich Jeltsch-Thömmes et al 2020 Environ. 

Res. Lett. 15 124026)

That need to be dissected out

Boyd & Bressac
(2016)





Full Implementation 
& Deployment

Working backwards - Knowledge gaps 

Baseline for D&A
Conspicuous imbalances between POC 
downward export  and export fluxes 
derived from geochemical tracers

Multi-faceted ways to
Sequester C in the modern ocean 

Boyd et al. (2019)
Figure courtesy of Tom Weber 

We still do not have a baseline for C sequestration in the modern ocean!!



Working backwards - Knowledge gaps 
Nested Pilot 
studies 

Upscaling – what about a 10000 km2 OIF patch for next gen pilot studies? 

MEPS 2008

“Our present understanding suggests that any carbon 
sequestration will occur as the net result of changes in the air–
sea flux integrated over millions km2 and many years, and can 
only realistically be assessed by modelling.”
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SERIES experiment  (NE subarctic Pacific)

Concurrent ship survey maps of CO2 drawdown by the 
Blooming phytoplankton, which match the shape of the bloom
as observed from SeaWiFS satellite images

No ships were present for re-equilibration of the upper ocean
The often neglected key step in C sequestration

Algal carbon (mg)            Boyd et al. (2004)
Nature 

Nested Pilot 
studies 



Modelling Timescales of CO2 equilibration 
in the Great Atlantic Sargassum Belt

From:
Testing the climate intervention potential of 
ocean afforestation using the Great Atlantic 
Sargassum Belt (2021). 
Bach, L.T., V. Tamsitt, J. Gower, 
C.L. Hurd, J.A. Raven & P. W. Boyd. 
Nature Communications,12,  2556. 

Annual mean timescales 
of CO2 equilibration between 
the ocean and atmosphere. 

Residence time of seawater 
in the surface mixed layer



Working backwards - Knowledge gaps 
Nested Pilot 
studies 

Suitable technologies for BGC and Ecology

New BGC-ARGO floats
With UVP6 deployed 
Jan 2021
In S. Ocean 

Boyd unpublished

Claustre unpublished 





Working backwards - Knowledge gaps 
Nested Pilot 
studies 

Boyd & Bressac (2016)
From Trull et al. (2014)

Highest POC export
In region with modest
But sustained Fe supply

Location(s)
Different Iron supply rates
In a natural setting 

Have we optimised the 
iron supply rate?

Is simply adding more Fe better?



New Research
Targets 

R&D agenda set by Foresighting not by incremental increases in knowledge 

The importance of line-of-sight from modelling

“As part of this foresighting, there is a strong requirement for (scale- and process appropriate)
modelling studies to develop these trajectories from research towards implementation.” 

“Critically, this development must precede field experimentation to enable exploration of the wide 
array of issues around what a pilot study might reveal.” 

Lenton et al. (2019)



New Research
Targets 

R&D agenda set by Foresighting not by incremental increases in knowledge 

The importance of line-of-sight from modelling

“As part of this foresighting, there is a strong requirement for (scale- and process appropriate)
modelling studies to develop these trajectories from research towards implementation.” 

“Critically, this development must precede field experimentation to enable exploration of the wide 
array of issues around what a pilot study might reveal.” 

“To inform the development of realistic trajectories, fit-for-purpose modelling simulations must also 
look well beyond a pilot study, so as to uncover the characteristics of the subsequent suite of
more advanced and upscaled experiments with respect to efficacy, side-effects, and
detection and attribution.” 

Lenton et al. (2019)


