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One Ocean: 
What polar and Atlantic  
change means for Europe

A joint policy briefing and statement by the  
Horizon Europe projects OCEAN ICE and EPOC



POLICY BRIEF ONE OCEAN: WHAT POLAR AND ATLANTIC CHANGE MEANS FOR EUROPE

2 3

An integrated Atlantic–polar
system and its strategic 
importance for Europe

What does the AMOC do for Europe?
Europe enjoys a climate far milder than its latitude would suggest. This is sustained by the Atlantic 
Meridional Overturning Circulation (AMOC), a vast ocean circulation system that transports 
heat from the tropics and Southern Hemisphere towards northern latitudes (Fig. 1). Carrying 
the thermal equivalent of around one million average-sized nuclear power stations northward, 
the AMOC regulates European temperatures, rainfall, marine ecosystems and fisheries, while 
supporting the stable environmental conditions on which economies and societies depend. Its 
disruption would be among the most consequential climate risks Europe could face, impacting 
weather patterns, ecosystems, fisheries, coastal flood risk and economic security.

Figure 1: Mechanics of the AMOC. Schematic section looking eastwards through the Atlantic Ocean, showing the 
Atlantic Meridional Overturning Circulation (AMOC), the broad heat transfer dynamics, and positions of three of the major 
oceanographic mooring arrays that monitor AMOC behaviour at different latitudes. Pop-out boxes show the impact of 
increased ice sheet melt on the system.
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What Atlantic and polar 
change means for Europe

Europe’s climate resilience depends on the interconnected pole-to-pole Atlantic 
system: The Atlantic Meridional Overturning Circulation (AMOC) links tropical, 
North Atlantic and Southern Ocean processes, making Arctic and Antarctic 
dynamics jointly relevant for European climate risk. Changes to the AMOC are 
driven by changes at high latitudes and result in climate impacts across Europe 
and the globe. 

A pole-to-pole perspective is essential for understanding European climate 
risk: While Arctic change is well established as a driver of AMOC variability, the 
Southern Ocean also has a critical role through sea level rise, heat uptake, carbon 
storage and regulation of the global overturning circulation.

European research is already advancing a pole-to-pole understanding of the system: 
Horizon Europe projects such as OCEAN ICE and EPOC demonstrate the value of 
integrated Atlantic–polar observations and modelling, providing evidence for OceanEye, 
Copernicus and model-based forecasting to support policy-relevant climate intelligence.

Antarctic ice-sheet instability represents a major long-term risk for Europe: 
Evidence suggests inevitable multi-metre sea level rise over the coming 
centuries, with risks of significantly more, highlighting the need to incorporate 
ice sheet dynamics into European climate risk frameworks.

Strengthened, integrated polar and ocean observing systems are a strategic 
priority: Sustained multi-latitude monitoring (e.g., RAPID, OSNAP, Argo, GO-
SHIP, Southern Ocean Observing System, Nordic Seas and Arctic Gateways) is 
essential, with improved integration across Copernicus, Digital Twin Ocean, and 
emerging initiatives such as OceanEye.

https://ocean-ice.eu
https://epoc-eu.org
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How is climate change affecting the system?
The Southern Ocean and Antarctic Ice Sheet are changing rapidly. Global warming is accelerating 
Antarctic ice loss, which has contributed more than 13 mm to global mean sea level rise since 
19792,3 and remains the largest source of uncertainty in long-term sea level projections (Fig. 
3). At the same time, changes in Southern Ocean circulation may reduce its ability to absorb 
heat and carbon, increasing risks for the global climate system. Because this buffering capacity 
depends on healthy ocean ecosystems and cannot be replaced by technological solutions at 
the necessary scale, effective climate action should include greenhouse gas emission reduction, 
biodiversity conservation, restoration and long-term stewardship. These interconnected changes 
to ocean circulation, the ice sheet, sea level and the climate reinforce the need for sustained 
observations, improved climate models and a better understanding of future Antarctic and 
Southern Ocean change and their global climate impacts. 

Figure 3: The predicted trajectory of future sea level rise. Grey panels show the predicted changes in global mean sea level up 
to 2300 under different climate change scenarios, as published in the Sixth Assessment Report (AR6)4 of the United Nations 
Intergovernmental Panel on Climate Change (IPCC). The dashed line represents possible high-impact sea level trajectories 
that our present climate models are unable to capture due to a lack of observations and model technical limitations.

Maps show selected areas in Europe anticipated to be vulnerable to 2m of sea level rise, denoted by red shading. 2m of global 
mean sea level rise is now almost inevitable, but the timing is still uncertain and dependent on emissions. Maps sourced from 
Climate Central (coastal.climatecentral.org).

What role do the polar regions play?
While Greenland Ice Sheet melt and Arctic sea ice loss have long been recognised as important 
drivers of AMOC variability, the Southern Ocean forms its southern limb and plays a fundamental 
role in regulating the global climate. A truly pole-to-pole perspective is therefore essential for 
understanding and managing future European climate risks. The Southern Ocean is one of the 
world’s most important climate-regulating systems. Through its unique overturning circulation 
and water mass formation, it has absorbed a disproportionately large share of the excess heat 
generated by climate change and around 40% of the global ocean’s anthropogenic CO2 uptake, 
buffering atmospheric warming far beyond its share of global ocean.  
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Figure 2: The Atlantic as a component of the global ocean. A Spilhaus projection map (centred on Antarctica) showing the 
large-scale global ocean circulation. The positions of the Atlantic and Arctic oceanographic observing arrays are shown - 
these scientific instruments provide physical and some chemical measurements of the AMOC at different latitudes. These 
critical observational arrays currently operate with national support (USA, UK, Germany, Netherlands, Argentina, South Africa, 
France, Brazil, Canada, Norway) rather than through a sustained funding model, yet represent our only way of monitoring and 
understanding the change of the AMOC. Original Spilhaus projection of ocean circulation from Meredith (2019)1.
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Areas vulnerable to 
2m of sea level rise

https://coastal.climatecentral.org
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Robust understanding of AMOC variability and polar-driven climate change 
depends on sustained, multi-latitude observations spanning the North Atlantic 
and both polar regions. Evidence from OCEAN ICE and EPOC highlights the 
importance of coordinated observing networks capturing ocean heat and 
carbon fluxes, sea ice dynamics, and ice-ocean interactions across the full 
pole-to-pole Atlantic basin.

What does this mean for the future?
Understanding future changes in the AMOC, Antarctic ice sheet loss and sea level rise is a 
strategic European priority. Through investments in ocean and polar research, including Horizon 
Europe projects such as OCEAN ICE5 and EPOC6, the EU has advanced scientific understanding 
while demonstrating the value of existing observations and modelling across the Atlantic from 
pole to pole. Building on this foundation, Europe can strengthen its leadership in ocean and polar 
science through long-term investment in observing systems, modelling capabilities and research 
infrastructures. Looking ahead, initiatives such as OceanEye7, supported through Horizon Europe 
2028-2034 and the next Multiannual Financial Framework, offer an opportunity to enhance 
Europe’s capacity to anticipate climate risks and provide policymakers with the robust evidence 
needed for effective climate, ocean and adaptation policies.

How can science help?
The evidence generated by OCEAN ICE and EPOC is directly relevant to the forthcoming Ocean 
Act, the Ocean Research and Innovation Strategy, and the OceanEye Communication, where 
it strengthens the scientific basis for integrated ocean governance and regulatory decision 
making by identifying priorities for sustained ocean observations, next-generation climate and 
ice sheet modelling, and long-term research infrastructures. It also supports the implementation 
of the EU Climate Law and Adaptation Strategy by improving climate risk assessments, sea level 
projections and adaptation planning, as well as EU Arctic Policy, by strengthening understanding 
of Arctic-Atlantic-Antarctic connections that shape Europe’s climate. Collectively, these 
advances enhance Europe’s knowledge security, enabling anticipatory, science-based action 
across policy domains to strengthen climate mitigation, accelerate adaptation and reduce 
systemic risks before they become crises. 
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Implementation direction  The European Commission, working through DG RTD, 
DG MARE, Copernicus Marine Service and OceanEye, together with EU Member States, 
should integrate observing systems (e.g., RAPID, OSNAP, Argo, GO-SHIP, Southern Ocean 
networks such as SOOS, and the northern Greenland-Scotland Ridge and the Arctic 
Gateway monitoring arrays) into a coordinated European Atlantic–polar monitoring 
framework with stable multiannual funding and improved interoperability with Copernicus 
Marine Service and the Digital Twin Ocean. OceanEye could facilitate the implementation 
by supporting integration, coordination, and translation of distributed observations into 
coherent, system-level climate intelligence for science and policy use.

Policy relevance  Supports implementation of the forthcoming Ocean Act, Ocean 
Research and Innovation Strategy, OceanEye Communication, Joint Communication 
on the International Ocean Governance Agenda and EU Arctic Policy by providing the 
sustained observations and integrated climate intelligence needed for evidence-based 
ocean governance and regulatory decision making. Alignment with the Fifth International 
Polar Year (IPY5, 2032-2033) and the UN Decade of Action for Cryospheric Sciences 
(2025-2034) would strengthen international coordination and maximise scientific impact. 

Treat ocean and polar observing 
as permanent strategic 

infrastructure for Europe

Policy recommendation 1

Deploying moorings on the RAPID oceanographic array at 
26ºN in the Atlantic Ocean. Image E. Frajka-Williams.
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Changes in sea level, the AMOC, polar ice loss, and Southern Ocean heat 
and carbon uptake have direct implications for European coastal resilience, 
terrestrial and marine food systems, infrastructure planning and climate-
related risk exposure. Translating advances in polar and ocean science into 
usable regional and sectoral information remains an essential step in policy 
implementation, ensuring that the communities most exposed to Atlantic and 
polar-driven change are supported in planning and adaptation.
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Climate projections currently do not include dynamic ice sheets, creating a 
structural gap between the models informing policy and the physical system 
they represent, introducing significant uncertainty into estimates of future 
sea level rise and coastal impacts. Emerging evidence from OCEAN ICE 
underscores the importance of ice sheet–ocean interactions in shaping long-
term climate trajectories.

Implementation direction  The European Commission, Copernicus Services, 
national meteorological and adaptation agencies, and coastal planning authorities should 
establish structured collaboration to develop scenario-based coastal risk assessments 
(Digital Twin of the Ocean, Destination Earth), starting with EU and AAORIA Member States 
for a wider international cooperation, informed by ocean and polar science. These efforts 
will also contribute to broader international climate observation initiatives, including the 
WMO Global Greenhouse Gas Watch (G3W)8. 

Policy relevance  Supports implementation of the EU Adaptation Strategy, Climate 
Law, Integrated Coastal Zone Management, Common Fisheries Policy and broader 
European climate resilience initiatives by translating ocean and polar science into 
operational climate services, sectoral risk assessments and decision support. The resulting 
climate intelligence should also inform mitigation policies by improving understanding of 
climate tipping points, sea level rise and the benefits of early emissions reductions, as well 
as reinforcing and future-proofing efforts to achieve healthy ocean objectives under the 
Marine Strategy Framework Directive.

Policy relevance  Supports implementation of the EU Climate Law, European 
Green Deal and EU Adaptation Strategy by improving projections of sea-level rise, ocean 
circulation and long-term climate risk. It also enhances the scientific capabilities of the 
Copernicus Climate Change Service and Copernicus Marine Service through enhanced 
climate projections and marine forecasting, strengthens the European Digital Twin 
Ocean and Destination Earth by providing improved representations of ice sheet–ocean 
interactions, and informs the EU Ocean Research and Innovation Strategy by prioritising 
next-generation Earth system and ice sheet modelling capabilities.

Implementation direction The European Commission, through the Framework 
Programme 2028–2034 (FP10) and in collaboration with Destination Earth, Copernicus 
and the European modelling community, should prioritise ice sheet model development 
and integration with climate models, including at higher resolution, as a dedicated 
component of the European climate modelling roadmap, with explicit links to Destination 
Earth and the Digital Twin Ocean and supported by national and international observational 
programmes in Antarctica, the Southern Ocean and the Arctic.

Close the ice sheet gap in 
climate models

Policy recommendation 2

Connect ocean and polar science 
more directly to risk management 

and adaptation planning

Policy recommendation 3
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Understanding Antarctic 
ocean-climate dynamics
OCEAN ICE has focused on the regions most critical to long-term sea level rise: 
the Antarctic Ice Sheet, the Southern Ocean, and their interactions with the 
broader climate system. Findings carry direct relevance for European climate 
security and coastal planning.

OCEAN ICE has: 

•	 Expanded observations of critical Antarctic and Southern Ocean regions: Thousands of new 
measurements beneath ice shelves, within winter sea ice and in the deep Southern Ocean 
have substantially improved understanding of one of the least-observed parts of the Earth 
system9. These observations strengthen the evidence base for sustained ocean observing 
systems and improved climate and sea level projections, supporting Policy Recommendation 
1. 

•	 Documented accelerating Antarctic change, including ice shelf thinning, melt lake formation 
and regional sea ice decline. These observations provide new evidence that parts of the 
Antarctic Ice Sheet are responding rapidly to a warming climate10, strengthening the case 
for incorporating Antarctic change into long-term climate risk assessments and adaptation 
planning, supporting Policy Recommendation 3. 

•	 Provided new evidence that Antarctica is not a single tipping point for sea level rise but a 
set of interacting ice sheet regions that can cross different thresholds as warming increases. 
1-2ºC warming above pre-industrial levels could lead to ice loss in West Antarctica equivalent 
to 2 metres of sea level rise, while 2-5ºC warming could destabilise parts of East Antarctica 
with around 5 metres of sea level rise11. These findings highlight the need to improve coupled 
ice sheet-Earth system models and strengthen the evidence base for long-term coastal 
adaptation planning, directly supporting Policy Recommendations 2 and 3. 

•	 Advanced understanding of changes in the Southern Ocean and how they influence global 
climate, including evidence of more than 30% weakening of the deep southern overturning 
circulation. These findings raise concerns that the Southern Ocean’s capacity to absorb 
heat and carbon may decline under continued climate change12, reinforcing the need for 
sustained observations and improved Earth system models and directly supporting Policy 
Recommendations 1 and 2.

Understanding AMOC 
variability and impacts

EPOC has advanced the technical and observational basis for understanding 
the AMOC on the timescales most relevant to European planning (years to 
decades), aiming to reduce uncertainty in the climate projections that underpin 
policy development and decision making.

EPOC has:

•	 Built he first whole-Atlantic picture of AMOC circulation, providing a view of north-south 
heat transport from 65°N to 35°S over 2004–2020, using a machine learning framework13 
combining satellite, Argo and GO-SHIP data, and closing longstanding gaps in Arctic gateway 
observing. Paleoclimate reconstructions extend the record back to 1850, revealing a major 
re-organisation of the AMOC around 1870 and further shifts during the industrial era14,15. 
These findings support Policy Recommendation 1.

•	 Demonstrated that the AMOC is not a simple conveyor belt: Evidence shows that the 
AMOC behaves coherently across latitudes over long timescales but is partially decoupled 
on shorter timescales, including between the subtropical and subpolar North Atlantic16. This 
means monitoring at a single latitude cannot capture the full behaviour of the system most 
relevant to European climate, supporting Policy Recommendation 1. 

•	 Discovered that higher-resolution models reveal changes that standard models miss: 
EPOC simulations at resolutions down to 1.8 km (far finer than the IPCC-class models 
informing current policy) show resolution-dependent differences in projected North Atlantic 
temperature and resulting atmospheric circulation changes over Europe. It is crucial to use 
a range of model resolutions to robustly quantify future climate risks, supporting Policy 
Recommendation 3.

•	 Identified early warning indicators of AMOC vulnerability: Idealised high-CO2 experiments 
indicate that a model’s vulnerability to abrupt AMOC weakening depends on its baseline 
circulation strength and its present-day temperature–salinity balance, pointing towards 
possible early warning indicators for the real ocean17 and supporting Policy Recommendation 
3.

•	 Created AMOCatlas, a unified, open-access platform integrating fragmented AMOC 
observational datasets, providing a tool for the research and policy community and offering 
a model for integrated data infrastructure that Copernicus, the Digital Twin Ocean, and 
OceanEye could build upon18.  This supports Policy Recommendation 1.
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