
Darmstadt, Germany1-4 December 2025

Aquatic Carbon from Space
Bob Brewin

with contributions from: Jamie Shutler, Paula Bontempi, Robert Frouin, Cecile 
Rousseaux, Shubha Sathyendranath, Gemma Kulk, Bror Jönsson, Laura Lorenzini, 
Chuanmin Hu, Joaquim Goes, Aurea Ciotti, Dionysios Raitsos, Giorgio Dall’Olmo, 
Dan Ford, and many more 



C

The most versatile 
element on Earth 

Basis of all life

Fuels human 
civilization

Earth’s carbon 
cycle controls 

climate



How is Earth’s carbon cycle changing?



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

Fossil fuels 
905 Rivers

Lakes Coasts 
10-45 Surface

Sediments 
1750

DIC
37,000

DOC
700

POC 3

PIC 0.1

Atmosphere
885

Permafrost
1400 Soils

1700

Vegetation 
450

1.4 ± 0.7
2.4 ± 0.8

3.2 ± 0.4

9.8 ± 0.5

Flux GtC y-1
(2014-2024 average)Stock GtC

80

80

Natural Cycle GtC y-1 +

+5.6

Atmospheric
increase GtC y-1

130

130

~ 0.4 coastal &  
shelf seas 

https://doi.org/10.5194/essd-2025-659


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

Rivers
Lakes Coasts 

10-45 Surface
Sediments 

1750

DIC
37,000

DOC
700

POC 3

PIC 0.1

80

80

3.2 ± 0.4

30% anthropogenic CO2
uptake

Largest reservoir of active 
carbon of Earth

50% of planetary 
photosynthesis

One of the two main 
observational constraints on 
budget calculations

Monitoring aquatic 
carbon is essential

~ 0.4 coastal &  
shelf seas 

https://doi.org/10.5194/essd-2025-659


CO2

DIC
CO2    H2CO3
HCO3

- CO3
2-

CO2

Physical 
Transport 

DIC
CO2    H2CO3
HCO3

- CO3
2-

Sinking Vertical
Migration

POC
Phytoplankton

Zooplankton
Bacteria
Detritus

Primary 
Production

Respiration

DOC
CDOM
DOM

Excretion

Bacterial 
production

PIC
CaCO3

(De-) Calcification 

POC
Phytoplankton
Zooplankton

Bacteria
DetritusRespiration

DOC
CDOM 
DOM

Excretion

Bacterial 
production

PIC
CaCO3

Sinking

(De-) 
Calcification 

DIC
DOC

POC
PIC

Rivers

!"
!# = %(… )

Blue carbon



Aquatic Carbon Roadmap



Increasing wavelength
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How satellite data has transformed 
understanding of ocean carbon cycling
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Longhurst et al. (1995) https://doi.org/10.1093/plankt/17.6.1245

Global Ocean Primary Production

See also 
Antoine et al. (1996) 

Behrenfeld & Falkowski (1997)

https://doi.org/10.1093/plankt/17.6.1245


Gregor et al. (2024) https://doi.org/10.1029/2024GB008127
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Where are we now?



Kulk et al. (2025) Ocean Carbon from Space 2nd Workshop



Kulk et al. (2025) Ocean Carbon from Space 2nd Workshop
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What next?



Continued investment in climate data records

New Task force –
Harmonizing Global Ocean 
Colour for Long-Term 
Climate and Ecosystem 
monitoring



GOCI-II CIMR

Behrenfeld et al. (2023) https://doi.org/10.3390/rs15235567

CO2M

Harness recent and emerging satellites

https://doi.org/10.3390/rs15235567
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Small and commercial satellites

Bresnahan et al. (2024) 
https://doi.org/10.1038/s41597-024-04076-4

Martellato et al. (2022) 
https://doi.org/10.3390/rs14092066

https://doi.org/10.1038/s41597-024-04076-4
https://doi.org/10.3390/rs14092066


Zibordi et al. (2025) 
https://doi.org/10.1175/BAM

S-D-24-0085.1

OCR-VC

FRM4STS

Cal/Val of primary observables Essential role of ships

Satterthwaite et al. (2025) https://doi.org/10.1002/lno.70110

https://doi.org/10.1175/BAMS-D-24-0085.1
https://doi.org/10.1002/lno.70110


Insight from emerging methods

Levine et al. (2025)
https://doi.org/10.1146/annurev-earth-040523-020630

Citizen Science and affordable monitoring

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


Claustre et al. (2020) 
https://doi.org/10.1146/annurev-marine-

010419-010956

Bellacicco et al. (2024)  https://doi.org/10.1175/JTECH-D- 23-0161.1

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


Moltmann et al. (2019) https://doi.org/10.3389/fmars.2019.00291
Claustre et al. (2021) https://doi.org/10.3389/fmars.2021.780052

Towards a fully coupled, multi-platform carbon observing system 

https://doi.org/10.3389/fmars.2019.00291
https://doi.org/10.3389/fmars.2021.780052


Support the next generation of ocean carbon and Earth system models

Silvestri et al. (2025)  
https://doi.org/10.1029/2024MS004465

Flynn et al. (2025)
https://doi.org/10.1038/s41559-025-02788-3

Bishnoi et al. (2024)
https://doi.org/10.5194/gmd-17-261-2024

https://doi.org/10.1029/2024MS004465
https://doi.org/10.1038/s41559-025-02788-3
https://doi.org/10.5194/gmd-17-261-2024


UNSCEO (2022) Findable Accessible Interoperable Reusable



Advance approaches to using satellite data for carbon research

Jönsson et al. (2009) 
https://doi.org/10.108
0/01431160802558758 Ch
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Rocha (2022) 
https://doi.org/10.1088/1748-9326/ac73a8

https://doi.org/10.1080/01431160802558758
https://doi.org/10.1088/1748-9326/ac73a8


Improved fundamental understanding

Chapter III. 
Fundamental 
and Emerging 
Research 
Questions 





Thank you!
Questions
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