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We know many things about the 
Climate/Earth System



But most Fundamental 
Questions remain Unanswered.

Ocean’s Role in Climate 
Variability, Trend and Extremes



https://www.caltech.edu/about/news/new-climate-model-be-built-ground-84636

Missing Understandings, Irreducible Uncertainties. Data-Driven Models to Rescue
Ocean Mixing remains the biggest Challenge for Physics, Chemistry and Biology 



 DOI: 10.1038/s43017-019-0005-6

Bio-Climate Feedbacks Not getting Enough Attention



Can we really explain the 
patterns of Warming?

Can AI/ML help?

YES!!

Ocean Modulates 
Global Warming!

What is the role of Bio-
Climate Feedbacks?





https://doi.org/
10.5194/essd-
12-2013-2020



https://essd.copernicus.org/articles/15/5301/2023/





https://doi.org/10.3390/biology12030339

macroecological theory on the arrangement of life’ (METAL)

Marine Ecosystems – Diversity, Resilience, 
Productivity – Organising Principles?



Nature makes the Rules

Biology finds the Loopholes



10.1126/scienc
e.adj5763

Lack of Baselines can lead 
to erroneous assumptions 
and conclusions.

Find new ways to 
Quantify the Impacts of  
Warming, SLR, 
Acidification, 
Deoxygenation



http://dx.doi.org/10.1098/rspb.2019.1718

Is it all bad news?

Who is finding the  
Loopholes? 

What processes produce 
Refugia?

What are the Solutions?

Genetic grafting? Stem 
cells? 



DOI: 
10.1038/s4
3017-020-
0068-4

Impacts? Value 
of EWSs?

Be careful about 
jumping onto 
Bandwagons 



https://doi.org/10.1038/s41467-024-46526-y

Mobile Generalists, Sedentary Specialists.



Process 
Understanding, 
Predictive 
Understanding, 
Predictions, 
EWSs



DOI: 10.1126/science.1071281



https://oceanpanel.org/publication/oc
ean-solutions-to-climate-change/









doi:10.3390/su8050466

https://doi.org/10.1038/s41928-023-01078-9; Reversible Organic Flexible

Small things, Big Ideas/Solutions



Saving the World and saving the Oceans 
is going to be real fun. Have an 
Optimistic Vision for the Future


