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AMOC slowdown state-of-the-art

5

to eddy or not to eddy?
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Why are eddies relevant?
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⪅ 100 km

⪅ 1 month

➢ They can transport water masses to 
remote regions

➢ These water masses impact the mean 
state and variability of the ocean

➢ Those changes may impact the deep 
water mixing and, thus, the AMOC
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Some eddy-rich studies
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Bias correction

(Marzocchi et al., 2015)

Deeper mixing in the 
Labrador Sea

(Koenigk et al., 2021)
(Moreno-Chamarro et al., 2021)

Improve air-sea interactions

(Georgiou et al., 2020)

Eddies are essential in 
boundary-interior exchanges

https://www.sciencedirect.com/science/article/pii/S0924796314002437
https://link.springer.com/article/10.1007/s00382-021-05785-x
https://iopscience.iop.org/article/10.1088/1748-9326/abf28a
https://www.sciencedirect.com/science/article/pii/S1463500319303385?via%3Dihub
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PRIMAVERA project’s outputs
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Source: PRIMAVERA Gallery (courtesy of Malcolm Roberts)

https://www.primavera-h2020.eu/modelling/research/gallery/
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PRIMAVERA project’s EC-Earth models
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EC-Earth3P
70km ~ Atmosphere

100km ~ Ocean EC-Earth3P-HR
35km ~ Atmosphere

25km ~ Ocean EC-Earth3P-VHR
14km ~ Atmosphere

8km ~ Ocean
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Model set-up
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HighResMIP protocol
1950-control 76 years long
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Main circulation in the North Atlantic
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Source: Berx & Payne (2016)

Labrador sea Irminger sea

Newfoundland

Cape Hatteras

Flemish Cap

Cape Farewell

.SPG. 

.STG. 

SPG: Subpolar Gyre 

STG: Subtropical Gyre 

https://www.researchgate.net/publication/310822812_The_Sub-Polar_Gyre_Index_-_a_community_data_set_for_application_in_fisheries_and_environment_research
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Atmospheric 
forcing

Analysis summary
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Deep water 
formation

Mean 
stratification

Salinity
advection

AMOCZonal density 
gradient
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Mixing in the North Atlantic
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March mixed layer (MLD) depth climatology
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Mixing in the North Atlantic
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March mixed layer depth (MLD) standard deviation
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Vertical profiles in the Subpolar Gyre
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Mean climatology in the Labrador sea in DJFM
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Vertical profiles in the Subpolar Gyre
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Regression between March MLD series and DJFM profiles in the Labrador sea 
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Mixing drivers in the North Atlantic
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Correlation of DJFM wind-stress and heat-flux with MLD series
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Mixing drivers in the North Atlantic
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Correlation of SOS with MLD series
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AMOC response to mixing
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Correlation of MOC with MLD series
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AMOC response to mixing
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Correlation of MOC at fixed depth with MLD series
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AMOC latitudinal coherence
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Correlation of MOC at fixed depth with MOC at fixed depth and latitude
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Deep ocean density anomalies propagation
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Correlation of density at 1000m with MLD series
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• The drivers and impacts of Labrador Sea convection are sensitive to the model resolution

• The mean Labrador Sea stratification and MLD are more realistic in the eddy-resolving 
version of EC-Earth3P

• The NAO exerts a stronger influence on Labrador MLD in the eddy-resolving and 
eddy-permitting versions of EC-Earth3P

• The advection of salinity anomalies by the mean SPG circulations seems to also play an 
important driving role in the eddy-resolving one

•We identify important differences across resolutions both in terms of speed and pathways 
for the propagation of Labrador Sea density anomalies along the Western Boundary Currents, 
which ultimately impact the coherence of the AMOC changes across latitudes

Conclusions
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How about water-hosing? 

25

Three ensemble members

For 21 years, starting from different AMOC states

Branching off from a 1950-control

Amount of freshwater

Idealized setup:

0.1 Sv distributed spatially and over the year

Spatial and seasonal distribution

Based on Bamber et al. (2018)

1958–2018 climatological mean

July runoff (Sv). Output by NEMO.
Implemented by E. Moreno-Chamarro for EC-Earth3P-VHR

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017JC013605
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Impact of water-hosing on the AMOC 

26

maxMOC with 5-years low-pass-filter at 25ºN and 45ºN
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Impact of water-hosing on the AMOC 
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MOC of the last five years of the water-hosing experiments
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•Studying water-hosing impact on the AMOC in the sigma-space

• Investigating how the meltwater fluxes ultimately influence 
water mass transformation and the vertical mixing

•Studying salinity anomalies propagation in the subpolar gyre

•…

Future work
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Mixing drivers in the North Atlantic
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Correlation of TOS with MLD series
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AMOC response to mixing
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Correlation of MOC with MLD series


