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Global Carbon Budget Modification

Marine Carbon Dioxide Removal (mCDR)

Emissions and their Partitioning since 1850
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|| Ocean Sink: ~10 Gt CO, yr-
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Cross et al., 2023

10 \\ W
/\N\A WL, 0-9
" YWWW | Gtco, yr
'20 VITWAN
M 1Y 2050 0-17
\{, h Gt CO, yr'

-30 in 2100
40 GLOBAL CARBON %
50 ( . . |

1850 1900 1950 2000 2022 2050 2100

SEAWEED
CULTIVATION

ARTIFICIAL
UPWELLING &
DOWNWELLING

|

E CO'SNESIREM
RECOVERY

NASEM Report - 2022

andrea.j.fassbender@noaa.gov | 2023 US CLIVAR Summit:

Interactions of the Coastal and Open Ocean in a Changing Climate



Global Carbon Budget

Ocean Sink (Socean)

- Data Products
41 — GOBMs
— Ocean Sink (Socean)

2021 Ocean Sink: 2.9 + 0.4 GtC

—~
g T 3
- >
v O
o GLOBAL
o O CARBON
o > project
O 35 ol
+
< O

@)

oL .
1960 1980

Year
Friedlingstein et al., 2022 - ESSD

N

(suoljjiw)
Jeak Jad Juno)n 200y

depth (m)

depth (m)

0

Gruber et al., 2019 — Science
34 + 4 GtC between 1994 and 2007

) i
I i 3500
PACIFIC
4 4500
4 60°S 40°S 20°S Eq 20'N 40°N 60°N
0

0 >
0 5 10 15

ACqn (umol kg™)

Closing the Ocean Carbon Budget

1. Global Ocean Biogeochemistry Models
2. pCO, Data Products

3. Repeat Hydrography
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https://essd.copernicus.org/articles/14/4811/2022/
https://www.science.org/doi/10.1126/science.aau5153
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https://bg.copernicus.org/articles/14/4545/2017/bg-14-4545-2017.pdf
https://doi.org/10.5194/essd-14-2081-2022

s Changing Carbon Cycle Variability: Diel’, Seasonal, Interannual
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https://www.nature.com/articles/s41558-017-0057-x
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL090228
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL087104

amal Changing Carbon Cycle Variability: Consistent Seasonal Signal
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Attributing (1) observed and (2) projected seasonal changes to C,;; invasion:

(1) Rodgers et al., under review at GBC
(2) Joos et al., 2023 - GRL
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https://essopenarchive.org/users/559960/articles/633905-reccap2_seasonality_main_plus_supp_apr06_2023
https://essopenarchive.org/users/559960/articles/633905-reccap2_seasonality_main_plus_supp_apr06_2023
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023GL102857
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https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021GB007018
https://bg.copernicus.org/articles/15/5315/2018/
https://journals.ametsoc.org/view/journals/clim/31/10/jcli-d-17-0564.1.xml
https://journals.ametsoc.org/view/journals/clim/26/7/jcli-d-12-00150.1.xml
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020GB006646

Implications of Changing Upper Ocean Carbon Cycle Variability
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 Fassbender et al., 2022 - GBC
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GB007018
https://doi.org/10.21203/rs.3.rs-2849464/v1
http://dx.doi.org/10.1038/nature16156
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022GL097835

Globally Coherent Subsurface Signal
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Fassbender et al., under review at GBC
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Global Ocean Data Analysis Project (GLODAP)
Gridded Product (Lauvset et al., 2016 — ESSD):

ApCOz = PC02 2002 -~ PCOZ Preindustrial
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https://essd.copernicus.org/articles/8/325/2016/
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Fassbender et al., under review at GBC
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Increasing the volume of water with
multiple environmental stressors could
cause habitat compression

Hypoxia: O, < 60 pmol kg

Hypercapnia: fCO, = 1000 patm
.
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— Fassbender et al., under review at GBC
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Implications of Carbon Pool Interactions

UPWELLING Winds from the North

Seaward Surface Currents

“— — —
Phytoplankton Blo

T jﬁ.’ RSl
PO
) by )
o h ¢ el
5 .
. ,.'.._l. £9
s .

Potential flaw in the hypothesis that
organisms in upwelling regions are more
tolerant to OA due to natural variability

Oceanography

Oxygen Minimum Zone
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https://tos.org/oceanography/article/the-dynamics-and-impact-of-ocean-acidification-and-hypoxia

Highly elevated ApCO; g,.a;r Values when

waters re-emerge at the surface could
impact ocean carbon storage efficiency
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https://onlinelibrary.wiley.com/doi/10.1029/2022GB007405
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Strategically expand the coastal carbon observing system

Proposed Paths Forward:

Study these phenomena in models

Grow the autonomous subsurface carbon observing system (floats)

Reduce seasonal biases in the surface carbon observing system (uncrewed systems + floats + gliders)
Prioritize the development of data assimilation models and process representation in models
Leverage our understanding to maximize efficiency and minimize impacts of viable mCDR strategies

Take advantage of high pCO; signal-to-noise ratios to track subsurface ecosystem changes
Test/develop ecosystem models with additional metrics of stress (pCO,)

andrea.j.fassbender@noaa.gov | 2023 US CLIVAR Summit: Interactions of the Coastal and Open Ocean in a Changing Climate



