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Both studies use the ECCOv4 configuration and the adjoint of the MITgcm.



Reconstruction of RAPID AMOC and OSNAP-EAST
variability using the adjoint sensitivity patterns and
surface boundary conditions: SST, SSS, wind stress
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Reconstruction of variability using
only SST and SSS

OSNAP-EAST

2005

RAPID-MOCHA

SST and SS§ == SST SSS

Seasonal amplitude|
1 |

2000

2005
Year

Kostov et al. (2021)

2010

2015

Partial density
compensation

Smeed et al. (2014)
2004-2012

step decline in

the RAPID AMOC



Contribution of SSS to RAPID AMOC variability
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Kostov et al. (Nature Geoscience, 2021)



Contribution of SSS to RAPID AMOC variability
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March mixed layer depth in ECCO

Kostov et al. (published in Nature Geoscience, 2021)
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SSS perturbation [psu]

e & We impose a deliberately small
| negative SSS initial condition
perturbation with this pattern in

the Western Labrador Sea.
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Slowdown in the LSW & LNADW layers at 26°N

Anomaly 4.5 years after the Labrador Sea SSS perturbation
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Slowdown in the LSW & LNADW layers at 26°N

Velocity anomaly 4.5 years after the Labrador Sea SSS perturbation
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However, the climatological DWBC at 26°N in ECCO is strongest in the lighter LSW layer.



Time-mean climatological circulation at 26°N:

deep boundary current strongest in the LSW layer
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Causal Chain
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1. Response of the NAC across 45°N
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1. Response of the NAC across 45°N
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0. Labrador Sea 1. Adjustment
SSS anomaly ‘ of the NAC




0. Labrador Sea 1. Adjustment 2. Anomaly in the
Iceland Basin
555 anomaly = of the NAC - water mass transformation
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Positive feedback mechanism:
2. Surface water mass transformation

Surface-forced transformation anomaly [kglmzls]
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Less water mass densification at the surface of the eastern subpolar gyre.




0. Labrador Sea 1. Adjustment 2. Anomaly in the
Iceland Basin
555 anomaly = of the NAC - water mass transformation
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3. Anomaly in the subpolar
gyre transport and a
coastally-trapped wave
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3., 4. Density Anomaly along
the Boundary [kg/m?3]
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In the subpolar gyre, the negative density
anomaly at the boundary above a depth
of 1 km dominates the pressure anomaly
in the LNADW layer below.
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In the subpolar gyre, the negative density
anomaly at the boundary above a depth
of 1 km dominates the pressure anomaly
in the LNADW layer below.

3., 4. Density Anomaly along

the Boundary [kg/m?3]
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In the subtropics, the density anomaly
switches sign in the LNADW layer. The
meridional velocity anomaly is maximum
in the LNADW where the anomaly in the
shear switches sign.



Slowdown in the
LNADW layer at 26°N
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0. Labrador Sea 1. Adjustment 2. Anomaly in the
Iceland Basin
555 anomaly = of the NAC - water mass transformation
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Response of the meridional NAC transport across 45°'N
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0.6 psu Salinification Experiment

Density Anomaly along the Boundary [kg/m3] in Year 4

RAPID . b) Southern Greenland 4
%10 =10
, 2

8

-500
27'6‘9 - 6

27.69
1500 | 4
ot ——— 2000 |- 1o
T —27.81 —
e . -2500 | 10
J—

- -3000 273 5
-3500 .

-4000
6

-4500
8

i i ] ) -5000

74 73 72 71 57 58 59 60

West East South North



When is this connectivity mechanism at play in the real ocean?

Composite of Winter SSS Anomalies
(2009 to 2012) - (2007 to 2008)
s

psu

0.4
0.3
0.2
0.1
0
-0.1
-0.2
-0.3
-0.4

kg/m®

Related to the 2008-2012 decline in the RAPID-AMOC



Conclusions

¢ The subtropical AMOC in ECCOV4 is sensitive to SST and SSS variability
along the western boundary of the Labrador Sea.

* The NAC response to Labrador Sea surface density anomalies triggers a
positive feedback mechanism.

** The eastern subpolar gyre adjusts on a timescale of 3-4 years after a
Labrador Sea surface perturbation.

*** The subpolar density anomaly is most pronounced in the lighter layers
above LSW and the signal is communicated to the subtropics in these
light layers.

** However, the response in the subtropical DWBC velocity is most
intensified in the LNADW layer below LSW.

** LSW does not play a dominant role in this fast mechanism.



Thank you!




nature

ARTICLES
geOSCICIlCC https://doi.org/10.1038/541561-021-00759-4

"} Check for updates

May 2021 Distinct sources of interannual subtropical and
subpolar Atlantic overturning variability

Yavor Kostov®'=, Helen L. Johnson? David P. Marshall©3, Patrick Heimbach®©456, Gael Forget®?,
N. Penny Holliday©8, M. Susan Lozier®, Feili Li®?° Helen R. Pillar©+ and Timothy Smith©*

Climate Dynamics
https://doi.org/10.1007/500382-022-06459-y

Check for
updates

Aug. 2022 Fast mechanisms linking the Labrador Sea with subtropical Atlantic
' overturning

Yavor Kostov'® - Marie-José Messias' - Herlé Mercier? - Helen L. Johnson? - David P. Marshall*

Received: 23 November 2021/ Accepted: 7 August 2022
© The Author(s) 2022

Surface factors controlling the volume of accumulated
current Labrador Sea Water

work Yavor Kostov, Marie-José Messias, Herlé Mercier,
Helen L Johnson, David P Marshall




