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The Global Carbon Budget (GCB) estimates of the ocean CO, sink
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o) Why estimate the ocean CO, sink?
The ocean forms one of the two observational
constrains on the Global Carbon Budget used
to guide policy on emissions reductions
Fundamental constraint to identify the future
emissions possible before breaching climate
Figure from GCB (2023) thresholds
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The Global Carbon Budget (GCB) estimates of the ocean CO, sink
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The Global Carbon Budget (GCB) estimates of the ocean CO, sink
Ensemble mean of 10 GOBMs Ensemble mean of 7 data-products

The ocean biogeochemistry is modelled through
time and space allowing the ocean CO, sink to be
estimated

Use complex statistical interpolation approaches to
interpolate in situ observations of CO, in seawater to the
global oceans

These may suffer from model biases in the
parameterisations that represent the physical,
chemical and biological ocean processes

These may suffer from bias’s stemming from data
sparsity or the underlying interpolation approach
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The Surface Ocean CO, Mapping intercomparison (SOCOMvV?2) initiative

A community led effort to understand biases and uncertainties linked to data sparsity,
mapping methods and air-sea CO, exchange calculation in the data products

(1) A comprehensive geospatial (2) GCB subsampling
uncertainty analysis

Evaluates the precision of air-sea CO,, flux
estimates by applying uncertainty propagation
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GCB hindcast simulations to represent true climate
variability

SURFACE OCEAN pCO, MAPPING INTERCOMPARISON

(3) Large Ensemble testbed (4) Single testbed using the (5) Temperature Corrections
updated Takahashi climatology

Approach of Gloege et al. (2021) to use CMIP6 4, ¢onsiger a simulation with constant Evaluate the impact of the vertical temperature

data' and_all GCB data-products. To represent climate and increasing atmospheric gradient corrections

multiple climate states fCO,
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GCB subsampling experiment following approach of Hauck et al. (2023)

Influence of data sparsity in the data-product reconstruction
(1) 5 GCB Global Ocean Biogeochemistry Model (2) Subsampled SOCATVv2023 tracks

 CESMETHZr1
+ FESOMZ REcoM

« IPSLT1 * sfCO, _
« MRIESM?2 9 « environmental proxies
* NorESM

(4) Post processing and air-sea CO, flux calculation

« CarboScope

+ CSIR-ML6

« JMA-MLR

* OceanSODA-ETHZv2
« pCO2Residual

+ UExP-FNN-U

* VLIZ-SOM-FFN

* NIES-ML3
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Annual bias in sea surface fugacity of CO, (sfCO,) against model ‘truth’

=== Individual data products
=== ensemble mean data-products (w/o UEXP-FNN-U)
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sfCO, trend divergence (2001-2021)

¢ ensemble mean data-products (w/o UExP-FNN-U)
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Implications for air-sea CO, flux estimates
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Most products show an overestimation
of the ocean CO, sink trend relative to
model ‘truth’

Globally, air-sea CO, flux trend
divergences of individual products
within £0.2 Pg C yr' decade”

The Southern Hemisphere and tropical
regions show the largest inter-product
va riability (regions with less in situ observations)

The ensemble mean of all
reconstructions significantly reduces
the trend divergence

~0.05Pg Cyr~" decade™
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Regional differences in sfCO, trend divergence (2001-2021)

ensemble mean data-products (w/o UEXP-FNN-U) against model ‘truth’

MRI ESM2 2 CESM ETHZ r1

Small scale regional biases in the
air-sea CO, fluxes are larger than
the larger scale regional averages

These regional biases are model
dependent and generally not
consistent

For example, FESOM2-ReCOM
shows stronger CO, sink in
Southern Ocean, but not
consistently reflected in the
other models

stronger sink/weaker source

weaker sink/stronger Air-sea CO, flux trend divergence (mol C m-2 yr-
—— ¢ ’ decade)
source than model ‘truth
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The Surface Ocean CO,
Mapping intercomparison
(SOCOMvV2) initiative

SURFACE OCEAN pCO, MAPPING INTERCOMPARISON

Experiment 2:
GCB hindcast simulations to represent
true climate variability

alizee.roobaert@vliz.be
d.ford@exeter.ac.uk

Conclusions

Impact of Data Sparsity

Data sparsity impacts observation-based sfCO, reconstructions, causing
substantial regional biases, especially in data-sparse regions like the Southern
Ocean where for instance the inter-products variability is the highest

Trend divergence and biases
Most products underestimate the long-term increase in sfCO,, leading to
overestimation of ocean CO, sink trends

Biases are time, model, region, sfCO,-products, wind speed product dependent

Importance of the ensemble mean approaches
Ensemble approaches reduce overall biases and trend divergence

GCB vs this experiment

Data sparsity explains some, but not all, of the trend divergence observed in GCB
GCB trend divergence: ~ 0.2 Pg C yr'' decade™

This study: ~ 0.05 Pg C yr' decade
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