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Air-sea CO, |
fluxes are highly &%
variable 74
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ECCO-Darwin Model
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These fluxes add up to significantly mitigate climate change

Carroll et al. 2020, 2022
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Three independent approaches constrain the ocean carbon sink

. . 2. Modeling 3. Surface data/reconstructions
1. Interior observations / products : :
. Air-sea fluxes Air-sea fluxes (~monthly)
Interior carbon storage )
Mechanisms Model validation
Decadal closure of global budget . R
Projections :

Model validation ~
= SOCAT ,r;-'m\ .2\
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Globally integrated estimates agree to first order
.. but large uncertainty remains
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These uncertainties are so large as to hamper the potential for
carbon cycle science to directly support mitigation
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Uncertainties much larger at smaller space-time scales
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Future Emissions and Ocean Sink

The ocean sink is expected to
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Future Emissions and Ocean Sink

The ocean sink is expected to

change significantly in the future EMISSIONS
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Ocean circulation, now and future?

I Including water-column C, . increase
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Biological carbon export, now and future?

Estimates of current biological carbon
transfer to depth are 5-12+ PgClyr
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Biological carbon export, now and future?

Estimates of current biological carbon

transfer to depth are 5-12+ PgClyr .. thus, future projections
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mCDR “additionally” would ideally be referenced to a baseline
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mCDR impacts on the global atmosphere?
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Proposed decadal challenge for NSF

* How do diverse physical, chemical and biological processes combine
across scales to drive the ocean carbon cycle?

(a) Narrow estimates of the annual global integrated sink to within £0.1 PgC/yr

(b) Better constrain carbon cycle projections, especially the natural component
* This will require

e Observations (ships, moored, autonomous; platforms and sensors)

* Models (circulation across scales, biological processes)

* Enabling tools and techniques (data assimilation, machine learning, data and compute
systems)

* These efforts will contribute also to
« mCDR additionality, locally and globally
* heat uptake and sea level
e ecosystems, fisheries, climate impacts
glacial / interglacial mechanisms

Biological
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Decadal Interior Data: Shows ocean following atmospheric pCO,
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Reconstructions are full-coverage pCO, fields derived from data

If pCO,°¢a" > pCO,*™ flux is out of ocean (positive)
If pCO,°¢e" < pCO,™*™ flux is into ocean (negative)
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Surface ocean pCO, data used in reconstructions

Bakker et al. 2016 ESSD
Pfeil et al., Sabine et al. 2013 ESSD
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pCO, data are very sparse ...
How to turn these into full coverage, monthly flux maps?
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Full coverage data related to pCO, do exist

Chlorophyll (Chl) Sea Surface Temperature (SST)
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Machine learning now common to extrapolate pCO, to global

2. Predict pCO, = f(SST, SSS, MLD, Chl, xCO,)

=) -

-2

j - 3. Calculate Flux from pCO,
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Ocean models have significant mean-state errors

Regional Mean Air-to-Sea CO; Flux (Pg C yr )
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Future Flux change

Mean-state biases are retained in CMIP6 projections )zssuoses @ 20suoden
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If we meet climate targets, upper ocean re-circulation will be to
dominant negative feedback on future ocean sink
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