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» Understanding and limiting the spread of ocean carbon sink projections are crucial to
« effectively guide the development of climate mitigation policies,
» determine an accurate future carbon budget,

Cumulative carbon emissions since 1850 (PgC) » constrain CO, and climate change projections.
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GLOBAL | CARBON
yroject

Fate of anthropogenic CO, emissions (2011-2020)

Sources
34.8 GtCO,/yr

89%

11%

4.1 GtCO,/yr

Budget Imbalance: 3%

(the difference between estimated sources & sinks) -1.0 GtCO,/yr
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Source: Friedlingstein et al 2021; Global Carbon Project 2021

Sinks

18.6 GtCO,/yr

48%

11.2 GtCO,/yr
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https://essd.copernicus.org/preprints/essd-2021-386/
http://www.globalcarbonproject.org/carbonbudget/
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Observations (Open Ocean fgoo2) CMIP5/6 Simulated climatology sea-air CO, fluxes
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Projection uncertainty

Annual global ocean carbon sinks
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Southern Ocean
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High-uptake models Low-uptake models
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Bias-low at depth,
less stratified

High-uptake models - » Low-uptake models
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&% Constrained future CO, sink in the Southern Ocean
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North Atlantic
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Application of genetic algorithm to optimize EC

a) Schematic of the genetic Algorithm

b) lllustration of genes for different shapes
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Gulf Stream domain
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Optimized (tighter) constraint of North Atlantic C uptake

— Goris et al. (2018) Goris et al. (in revision)
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Constraining the CO, fluxes in the equatorial Pacific
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Constraining the CO, fluxes in the equatorial Pacific
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Constraining the CO, fluxes in the equatorial Pacific
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Summary

» Constraining the growing spread of ocean carbon sink projections are crucial to constrain future climate change and
ultimately guide the development of climate mitigation policies.

» We apply an emergent constraint approach to reduce the projections CO, uptakes.

» The efficiency of surface-to-deep transport of anthropogenic carbon is commonly identified as the key mechanisms
driving the systematic inter-model spread, both in the Southern Ocean and North Atlantic.

» For the North Atlantic region, a genetic algorithm was used to further optimize our identified emergent constraint by
isolating the Gulf Stream region as a key regional constraint.

» In the tropical Pacific, bias in the interior biogeochemistry explains the projection spread.

» Our study consolidates the importance of improving representations ventilation mechanisms in models and sustaining
carbon chemistry and watermass monitoring network to improve the fidelity of future model projections.

SLs et This study has received funding from the European Union’s Horizon 2020 research and
v The Research cou-n Ci] : ’; innovation programme under grant agreement No 820989 (project COMFORT). The
C S .« work reflects only the author’s/authors’ view; the European Commission and their
A Of Norway * X executive agency are not responsible for any use that may be made of the information

the work contains.
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