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Basis of all life

Fuels human
civilization

Earth’s carbon
cycle controls
climate



How is Earth’s carbon cycle changing?
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Friedlingstein et al. (2025) Global Carbon Budget 2025 https://doi.org/10.5194/essd-2025-659
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30% anthropogenic CO,
uptake

Largest reservoir of active
carbon of Earth

50% of planetary
photosynthesis

One of the two main
observational constraints on Monitoring aquatic

budget calculations carbon is essential

Friedlingstein et al. (2025) Global Carbon Budget 2025 https://doi.org/10.5194/essd-2025-659
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Increasing wavelength

Active Sensors Passive Sensors Active Sensors
Visible Visible Infrared Microwave Microwave
waveband waveband waveband waveband waveband
Sensors Sensors Sensors Sensors sensors (Radar)
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~ Directly observable
Inferred

I Mechanistic relationships
I Statistical or empirical relationships

Inspired by Robinson (2004) Measuring the Oceans from Space



How satellite data has transformed
understanding of ocean carbon cycling



Global Ocean Primary Production

See also

gCm2yt Antoine et al. (1996)
T - Behrenfeld & Falkowski (1997)
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Gregor et al. (2024) https://doi.org/10.1029/2024GB008127
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Where are we now?
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Kulk et al. (2025) Ocean Carbon from Space 2" Workshop
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l Phytoplankton‘ Primary Photosynthesis
Turnover Time « Production « H,O + CO, —
‘ 3.3 days ' 24 GtC y1 CH,O + O,

Excretion
Transformation
Accumulation

Total POC
1.2 GtC

Calcification
Ca’*+ 2HCO; —
CaCO; + CO, + H,0

Mixed layer depth Particle Export 2-9 GtC y!

Sathyendranath et al. (In Prep)



What next?



@ SCOPE Continued investment in climate data records
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* Harness recent and emerging satellites

Behrenfeld et al. (2023) https://doi.orq/10.3390/rs15235567
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Small and commercial satellites

Bresnahan et al. (2024)
https://doi.orq/10.1038/s41597-024-04076-4
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Cal/Val of primary observables Essential role of ships
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Insight from emerging methods Citizen Science and affordable monitoring
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Frugal quantitative imaging platform

1‘ frontiers | Frontiers in Remote Sensing
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Eﬁg’}j K satellite ocean colour validation

Hibe 1 B

oot i THE OpenCTD

OPEN-SOURCE CTD FOR COLLECTING BASELIN

| = abat A LOW-COST, OPE! > BAS
P \ = i r $ OCEANOGRAPHIC DATA IN COASTAL WATERS
( =, ] l l
} s L FIELD

) CULTURES \ __—/ MANIPULATIONS S SAMPLING

From : 3 To
microbial ecology ¥ Curremt > Potentia carbon cycling
AP AL ' AT TS

Levine et al. (2025) Lab on a Secchi disk: A prototype open-source profiling packag.(‘e‘ B
. . A : open
https://doi.org/10.1146/annurev-earth-040523-020630 OF 0V-COSt IONTLONNG M AqUALIC EOVIOnMents



https://doi.org/10.1146/annurev-earth-040523-020630

i

i - > )
R e - - ’ - - - — ' & P A
=S e - X — g . -

— ‘Bellacicco et al. (2024)

4 —ee

DT IO s

.....

S Claustre et al. (2020)
.'5";‘_--7., > . ://doi.orq/10.1146/annurev-marine-
N 010419-010956


https://doi.org/10.1146/annurev-marine-010419-010956
https://doi.org/10.1175/JTECH-D-%2023-0161.1

Towards a fully coupled, multi-platform carbon observing system
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Moltmann et al. (2019) https://doi.orqg/10.3389/fmars.2019.00291
Claustre et al. (2021) https://doi.org/10.3389/fmars.2021.780052
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Support the next generation of ocean carbon and Earth system models

Earth system modeling on modular supercomputing architecture:
O coupled atmosphere—ocean elmulatmnq with ICON 2.6.6-rc

A Leap Toward Next-Generation Ocean Models

G -r)/)(.';m.'(‘d ocean l.':m/(‘/.l(j; aclieves dex m/('-.'ung simulations in a z/u_\, (‘I.'H/‘/H.'_‘.: mesoscale-resoly ing

climate simulations that open new opportunities for long-term planning in a changing climate.

Silvestri et al. (2025)
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Perspective

Morerealistic plankton S|mulat|on models
willimprove projections of ocean ecosystem
responsestoglobalchange

Flynn et al. (2025) Bishnoi et al. (2024)
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Advance approaches to using satellite data for carbon research

i Tipping Points
B and Abrupt Changes
in Marine Ecosystems

Jonsson et al. (2009)
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Rocha (2022)
https://doi.orqg/10.1088/1748-9326/ac73a8

nature communications

Article o oraNN0.1038/s41467-07
The oceanic physical injection pump of
organic carbon
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Improved fundamental understanding
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Widespread phytoplanktonblooms
triggered by 2019-2020 Australian wildfires
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