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Agenda 

• Brief intro to OceanICU
Richard Sanders

• Panellist Presentations
• Andrew Watson FRS: Understanding the current 

state of the global carbon sink
• Carla Freitas: Whale Carbon Fluxes 
• Morten Skogen: Modelling 

the Whale Carbon Pump
• Pernille Schnoor: Roadmap to Impact

• Open discussion around OceanICU and its 
role in the Ocean science landscape
• Ideas for extra activities
• Links to other programmes

• Questions and Answers 

This webinar is being video recorded
• Cameras & Microphones have been disabled
• Chat has been disabled

Questions and Answers
• Please email questions at any time during the webinar to: 

hello@ocean-icu.eu
(ask to be anonymous if you do not want your name 
read out when questions are being addressed

• Questions will be directed to the appropriate panellist 
by the moderator

• Questions & Answers will be posted on the OceanICU website 
by early next week; a link will be sent to you in a post 
webinar communication.

Any problems or comments during or 
after the session: 
Email: hello@ocean-icu.eu

About Today’s Format
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• The EU Green Deal requires us to move to 
operating in a carbon neutral way

• How does this affect Ocean users?

• Need to compensate for 
• Direct effects (e.g. GHG production by shipping) 

• Indirect effects (e.g. disturbances to seabed C 
storage by mining, disturbances to food webs by 
fishing or mining)

• How large are these indirect effects?

• How do they operate?

• What can we do to reduce or minimise them?

Fundamentally driven by accumulation of CO2 in the atmosphere

Climate Change is the single largest issue we face
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1. Define current state of C cycle 
(provide a baseline) 
• Assess future climate driven change 

to Ocean C cycle 

2. Quantify key processes relevant 
to these indirect effects 

3. Incorporate key processes into models 
• Evaluate significance
• Quantify indirect effects

4. Build new tools to support decision making 
• Allow Ocean users to estimate C impacts 

of industry and fishing

5. Couple these to future fishing 
and industrial scenarios 
• Estimate industrial impacts on Ocean C cycle  

General Strategy
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Connecting OceanICU 
to end users

OceanICU will acquire knowledge of 
the global carbon cycle to provide 
practical tools for policy makers, 

regulators and Ocean users
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Work Packages (WPs)
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Understanding 
the current state 
of the global carbon sink

Andrew Watson FRS 

28-09-2023
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WP2: The Current State of the Ocean C Cycle
What do we know, (or think we know)? 
Provide a baseline.

1) How much of the CO2 emitted by humans to the atmosphere is taken up by the ocean?
• How has this varied in past decades and how much do we expect it to change?

2) What are the mechanisms causing this uptake? How much biology, how much physics?

3) How much do human marine activities affect this the marine C cycle?
• Fishing (coastal and deep sea)?

• For the future: Deep sea mining? Offshore C sequestration?
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Fossil fuels

45%
Stays in the 
atmosphere

20-30%
Net Land 

vegetation 
sink

25-35%
Ocean sink

We emit about 10 billion tons of carbon 
as CO2 annually.
Between 25% and 35% of this is being absorbed 
by the oceans.
(A comparable amount is absorbed by land 
vegetation, the rest stays in the atmosphere.)

Where does all the CO2 go?
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WP2: How much CO2 emitted by humans 
is taken up by the ocean? 
What do we know, (or think we know)? 
Provide a baseline.

We want to know more accurately the ocean 
uptake, but there are problems:

1. Different observational methods disagree

2. Models disagree with the observations. 
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Models and 
observation estimates 

• Ocean model represent 
our best synthesis of what 
we think we know.

• They disagree with 
observational estimates

• The discrepancy is 
increasing

Global Carbon Budget estimates of the ocean sink

Data-product mean

Multi model mean
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Ocean carbon synthesis products

Estimates of ocean uptake based on observations
• Enable estimates of ocean uptake

Surface Ocean CO2 Atlas (SOCAT)
• In situ, surface ocean CO2 measurements
• 33 million CO2 values (1957-2020) 

Global Data Analysis Project (GLODAP)
• Interior ocean carbon and other observations
• 946 cruises (1972-2019)
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WP2: How much CO2 emitted by humans 
is taken up by the ocean? 

• Review and summarize  the existing 
ocean-based observational methods

• Compare with independent methods:

• Atmospheric oxygen observations

• New ocean inversion techniques

• Synthesize for a ‘best’ estimate 
of ocean uptake
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WP2: Biological vs physical processes and CO2 uptake
What do we know, (or think we know)? 

• What is known about the effects of biology 
on the ocean carbon cycle and CO2 uptake?  

• We know that biological processes are 
very important in setting the pre-industrial 
CO2 content of the atmosphere 

• Current models (IPCC, global carbon project) 
usually assume a ‘steady state’ –
no change in biological fluxes.

• Is this right?
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WP2: Biological vs physical processes and CO2 uptake
What do we know, (or think we know)? 

Human marine activities: 
Fishing, mining, ....

• Few studies of the impact of 
these marine industries on 
the ocean carbon cycle.

• Not included in models 
of future change.

• Assess their current impact and 
their capacity to drive change in 
the future.
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Whale carbon fluxes
Contribution of whales to 
the biological carbon pump

Carla Freitas, Kjell Gundersen, 
Morten Skogen Institute of Marine Research, Norway
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Remaining questions

• Nutrient concentrations change 
with diet, season, species?

• N in urine?

• Totals excreted?

• Minke whale diving behavior?

• Response of phytoplankton?

• N, P, Fe dissolution vs. sink?

• Impact of whales on regional 
primary production?

Nutrients
N, P, Fe

Whale
Pump
(2023-
2025)

Faecal 
pellets
Experiments 
(2024)

Deadfalls
Data 
compilation/modelling 
(2023-2024)

Mixed Layer 
Depth

?

?

?
?

?

Whale carbon fluxes

Particulate 
matter
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All data will be delivered 
to carbon models (WP6)

Whale carbon fluxes



OceanICU is co-funded by the European Union, Horizon Europe Funding Programme for research and innovation 
under grant agreement No.101083922 and by UK Research and Innovation

Modeling the 
Whale Carbon Pump

Morten D Skogen & Carla Freitas
Institute of Marine Research, Norway

28-09-2023
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Physical processes regulating primary production

IPCC (2014)

Wind

Wind:
• vertical mixing

Temperature:
• stratification
• metabolic rates
• regenerated production
• species composition

Light/cloud cover:
• production rates

Total effect of climate
• balancing…



26



27

Faeces and urine from 
whales represent an extra
source of nutrients (N,P) 
that will have an impact on 
the ocean primary 
production.

Using such data as inputs, 
we will use ecosystem 
models to simulate this 
impact and assess its 
magnitude/importance.
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NORWECOM.E2E

Pelagic fish – capelin, 
mackerel, herring, blue whiting

Zooplankton –
cal.fin., cal.hyp, cal.gla,krill

Fish boats

Individual based modules(IBMs)

Other modules

Ocean acidification ContaminantsPlankton production/eutrophication

NPZD

DMS/DMSP

Mesopelagic fish

Fish larvae
Bluemussel - DEB
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Mean annual (2006-2015) depth integrated net 
primary production  (gC/m2/year) from the 
NORWECOM.E2E model 

First step will be to perform two 
simulations, with and without 
whales excretion inputs, to 
simulate the effect from whales 
on the ocean primary production.
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Roadmap to impact
WP8 | Connecting OceanICU to Society

Pernille Schnoor
Mary Wisz, Fabio Berzaghi, Mikaela Gomez

28-09-2023



Mission atlantic
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WP8 | Connecting OceanICU to Society
Part of this WP:

• Identify gaps, synergies and opportunities among policies 
to protect and enhance the biological carbon pump.

• Assess uncertainties in decision making processes, 
such as the influence of power plays and decision silos.
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Integration of science 
in policy is still not 
sufficient

"The newest proof that we must do more in 
science-informed policy making is the recently 
concluded climate COP27. In spite of being 
informed by the freshest edition of IPCC's 
assessment reports, parties failed to adopt 
bold language in relation to the need for 
peaking of global emissions by 2025 or taking 
decisive path to phase out fossil fuels globally. 
This shows that integration of science in policy 
making is still not sufficient." 

Jan Dusik, Deputy Minister of Environment of Czech 
Republic and Head of the Czech Presidency Delegation 
to COP27
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Science-to-policy disconnect 

Roadmap to impact

Linear process

Science

Policy -
Conventions & 

agreements
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Lorem ipsum dolor sit amet

Lorem ipsum dolor sit amet

Simplistic, linear models of the policy 
process, according to which policy-
makers are keen to ‘utilise’ expertise to 
produce more ‘effective’ policies
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Science-to-policy

Roadmap to impact

COP 27 
COP 14
-
-
-

Paris Agreement
Convention on 
Biological Diversity
UN Fish Stocks 
Agreement
UN High Seas 
Biodiversity Treaty
Convention on 
Biological Diversity
Law of the Sea 
Convention

Scientific evidence

Decision making processes/forumsScience
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• Lorem ipsum dolor sit amet
• Lorem ipsum dolor sit

• Lorem ipsum dolor sit amet
• Lorem ipsum dolor sit

Lorem ipsum dolor sit amet

• Lorem ipsum dolor sit amet
• Lorem ipsum dolor sit

Lorem ipsum dolor sit amet
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No agreed way of 
tracking research 

impacts
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Research-policy relations

We need to rethink policy impact models

Political power shapes knowledge

Research knowledge and governance are 
co-produced through an ongoing process

Politics only selectively appropriates and 
gives meaning to scientific findings

Supply-model

From Boswell & 
Smith, 2017
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The co-production model

We need to rethink policy impact models

This model requires 
quite resource-intensive 
methodologies, as well 
as forms of expertise 
that are not necessarily 
available across 
disciplines.
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The ‘cultural-gap’ model

We need to rethink policy impact models

Viewed from ‘inside’ of each system, the 
other remains a ‘black box’. 
Science operates according to a binary 
code of true/false. It defines relevant 
communication based on whether it is 
concerned with establishing truth claims. 
The political system selects and gives 
meaning to communication based on its 
relevance to the pursuit of political power 
and the capacity to adopt collectively 
binding decisions.
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Policy-making
is messy

“Often forgotten is that policy-
making is messy. Although a 
tidy, analytically driven cycle of 
policy-making might seem 
logical to scientists trained in 
the tradition of hypothesis 
generation and testing, policy-
making is instead a networked 
process in which scientific 
evidence is only one of many 
inputs.” P. Gluckmann, 2016
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Questions?
hello@ocean-icu.eu





Visit ocean-icu.eu | hello@ocean-icu.eu

Understanding Ocean Carbon

Stay up-to-date with the latest news
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