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Ortega et al (2017) 
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As Labrador Sea densities propagate southward 
along the western boundary, they enhance  

the AMOC via thermal wind balance,  
increasing the heat transport to the North 

? Li et al (2019) 

Cross-correlations: LSW density vs AMOC  

 

 

 
  
 
 
Figure 10.  Lag correlation between annual-mean MOC and winter-mean LSW density, 
based on the linearly detrended data.  LSW density leads for positive lags.  Cross 
indicates significant correlations at the 95% level.  

Accepted for publication in Journal of Climate. DOI 10.1175/JCLI-D-18-0735.1.

No coherent relationships across 
models between the AMOC and the 
density of newly formed Labrador 
Sea Waters on interannual-decadal 
timescales 

Ocean-forced experiments 1°–1/4°  
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A multi-model comparison of the ocean contributions to multidecadal variability in the 
     North Atlantic P. Ortega1, J. Robson1, R. Sutton1, A. Blaker2, A. Germe2, J. Hirschi2, B. Sinha2, L. Hermanson3 and  M. Menary3

Fig. 1  Schematic of the major LSD influences across the
  North Atlantic in HadGEM3-GC2

Ortega P, J Robson, R. Sutton and M. Andrews (2017) “Mechanisms of decadal variability in the Labrador 
Sea and the wider North Atlantic in a high-resolution climate model”, Clim Dyn Published Online.
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• Analyse separately the PC1-LSD link with the geostrophic and Ekman contributions to the AMOC in the whole set of experiments

• Quantify the atmospheric contributions (e.g. NAO) to PC1-LSD variability across the models, and whether the NAO consistently respond to the PC1-LSD changes

• Resolve the S,T contributions to PC1-LSD as a function of depth (as an indicator of potential external influences; e.g. overflows)FU
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1.      

2.      LSD: AN INDEX OF MULTIDECADAL VARIABILITY

Previous studies with the HadGEM3-GC2 model (Robson et al 2016, Ortega et al 
2017) have identified the Labrador Sea density (LSD) as a key indicator of multidecadal
decadal variability, linked to important changes in the Atlantic Meridional Overturning 
Circulation (AMOC) and the western boundary densities (WBD) and, more generally, to 
the climate of the wider North Atlantic (Fig. 1). These results show a great potential 
for decadal climate predictiovn.  For example, decadal decreasing trends in the 
Labrador Sea densities lead 4-10 years later to decadal coolings in the Eastern Subpolar 
Gyre, and to positive phases of the North Atlantic Oscillation (NAO). 

  Main Goal:  

Fig. 4 Same as in Fig 3c but for the AMOC indices.

Fig. 6 Correlation between the 15-year running trends in PC1-LSD and the depth/lon density profile 
at 3 zonal sections along the western boundary: 57°N, 45°N and 35°N. Results for the GC2 (top) and 
HiGEM (bottom) control simulations are shown. Coloured dots indicate the position where the 
maximum correlation is attained for each of the control experiments.

Fig. 8  Same as in Fig. 5 but between PC1-LSD 
and the top 700 m mean temperature in the 
Eastern Subpolar Gyre (ESPG) region.

(1)   NCAS-Climate, University of Reading, UK (2)  National Oceanography Centre, UK ȋ͗Ȍ�������ƥ����������������ǡ���

3.      INTERACTIONS WITH THE OCEAN CIRCULATION

EXPERIMENT SELECTION 4.      LINKS WITH THE WESTERN BOUNDARY DENSITIES

5.      LAGGED CONNECTIONS WITH THE ESPG 

Preindustrial Control Coupled Simulations:
HadGEM3-GC2         310 years, 1/4° ORCA Grid
HiGEM3        310 years, 1/4° ORCA Grid
CMIP5 ensemble         (17 experiments)    

Ocean-forced and Historical Experiments

ORCA025-IAF/DFS 1958-2009AD, 1/4° ORCA Grid
ORCA12-DFS      1958-2015AD, 1/12° ORCA Grid
DPS3 Assimilation run     1960-2016AD, 1/4° ORCA Grid

However, it remains yet to be determined if these relationships are also reproduced 
in other models.

AMOC

WBD

LSD ESPG
To test the reliability of the
LSD relationships across an
ensemble of climate models

      MOTIVATION

Fig. 2  a Evolution of the first Principal Component of the spatially-averaged LSD (PC1-LSD) in a selection 
of control and ocean-only forced simulations; b associated EOF (as a function of depth); c Fourier spectra 
of PC1-LSD in the control runs. Gray lines in b-c correspond to the control CMIP5 experiment.
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Fig. 3 Scatterplot of the 15-yr running trends in PC1-LSD versus the maximum AMOC at 45°N (left) and 
26°N (rigth) in the whole ensemble of simulations (the respective correlations are shown in the legend). 
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Fig. 7 Depths where the 15-yr running trends in WB 
density are positively correlated with PC1-LSD. The 
deepest level ofpositive correlations is represented 
in the y-axis, the first level with positive correlations 
sets the size of the dots, and the average correlation 
between both levels is described in the x-axis. The 
colours of the dots indicate the associated simulation, 
using the same colour code as in Fig XX.
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Fig. 5 Cross-correlations between the 15-yr 
running trends in PC1-LSD and a selection 
of ocean circulation indices.
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Fig. 9  Same as in Fig. 3 but between PC1-LSD and 
the ESPG T700 index.

Robson J, Ortega P and  Sutton R (2016) “A reversal of climatic trends in the North Atlantic since 2005”, 
Nat Geosci 9: 513–517.

PC1-LSD behaves as a red-noise process with enhanced variance at 12-30 yrs
The associated EOF shows a coherent structure across models

PC1-LSD decadal trends are strongly linked to those of the AMOC at 45°N

By comparison, AMOC26N shows suppresed 
variance at inter-decadal timescales, which 
could explais the weaker link with PC1-LSD

No link PC1-LSD with AMOC26N
when Ekman transport is removed

Overall, PC1-LSD is tightly linked to the boundary densities at 45 and 57°N,
but with important discrepancies across models about the depths involved   

At 35°N, there is a weaker link of PC1-LSD with the boundary densities, 
and larger differences across models occur. 

All models support a link between the multi-decadal trends in PC1-LSD 
and the delayed  trends (by 3 to 10 years) in upper ocean temperature in 
the Eastern Subpolar Gyre (ESPG T700).

This is a consistent result regardless of the particular model representation 
of the PC1-LSD links with the AMOC indices and the boundary densities.

III. Latitudinal coherence  
of AMOC changes 

II. Causes of the inter-model spread  
(role of some climatological features) 

I.  Consistency of the LSD relationships   
     across an ensemble of climate models  

 



 
I. Context and Motivation

NCAS Climate, Department of Meteorology, University of Reading, Reading, United Kingdom                         Mail: p.ortega@reading.ac.uk Website: http://www.met.reading.ac.uk/userpages/hb909987.php

A multi-model comparison of the ocean contributions to multidecadal variability in the 
     North Atlantic P. Ortega1, J. Robson1, R. Sutton1, A. Blaker2, A. Germe2, J. Hirschi2, B. Sinha2, L. Hermanson3 and  M. Menary3

Fig. 1  Schematic of the major LSD influences across the
  North Atlantic in HadGEM3-GC2

Ortega P, J Robson, R. Sutton and M. Andrews (2017) “Mechanisms of decadal variability in the Labrador 
Sea and the wider North Atlantic in a high-resolution climate model”, Clim Dyn Published Online.
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• Analyse separately the PC1-LSD link with the geostrophic and Ekman contributions to the AMOC in the whole set of experiments

• Quantify the atmospheric contributions (e.g. NAO) to PC1-LSD variability across the models, and whether the NAO consistently respond to the PC1-LSD changes

• Resolve the S,T contributions to PC1-LSD as a function of depth (as an indicator of potential external influences; e.g. overflows)FU
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1.      

2.      LSD: AN INDEX OF MULTIDECADAL VARIABILITY

Previous studies with the HadGEM3-GC2 model (Robson et al 2016, Ortega et al 
2017) have identified the Labrador Sea density (LSD) as a key indicator of multidecadal
decadal variability, linked to important changes in the Atlantic Meridional Overturning 
Circulation (AMOC) and the western boundary densities (WBD) and, more generally, to 
the climate of the wider North Atlantic (Fig. 1). These results show a great potential 
for decadal climate predictiovn.  For example, decadal decreasing trends in the 
Labrador Sea densities lead 4-10 years later to decadal coolings in the Eastern Subpolar 
Gyre, and to positive phases of the North Atlantic Oscillation (NAO). 

  Main Goal:  

Fig. 4 Same as in Fig 3c but for the AMOC indices.

Fig. 6 Correlation between the 15-year running trends in PC1-LSD and the depth/lon density profile 
at 3 zonal sections along the western boundary: 57°N, 45°N and 35°N. Results for the GC2 (top) and 
HiGEM (bottom) control simulations are shown. Coloured dots indicate the position where the 
maximum correlation is attained for each of the control experiments.

Fig. 8  Same as in Fig. 5 but between PC1-LSD 
and the top 700 m mean temperature in the 
Eastern Subpolar Gyre (ESPG) region.

(1)   NCAS-Climate, University of Reading, UK (2)  National Oceanography Centre, UK ȋ͗Ȍ�������ƥ����������������ǡ���

3.      INTERACTIONS WITH THE OCEAN CIRCULATION

EXPERIMENT SELECTION 4.      LINKS WITH THE WESTERN BOUNDARY DENSITIES

5.      LAGGED CONNECTIONS WITH THE ESPG 

Preindustrial Control Coupled Simulations:
HadGEM3-GC2         310 years, 1/4° ORCA Grid
HiGEM3        310 years, 1/4° ORCA Grid
CMIP5 ensemble         (17 experiments)    

Ocean-forced and Historical Experiments

ORCA025-IAF/DFS 1958-2009AD, 1/4° ORCA Grid
ORCA12-DFS      1958-2015AD, 1/12° ORCA Grid
DPS3 Assimilation run     1960-2016AD, 1/4° ORCA Grid

However, it remains yet to be determined if these relationships are also reproduced 
in other models.

AMOC

WBD

LSD ESPG
To test the reliability of the
LSD relationships across an
ensemble of climate models

      MOTIVATION

Fig. 2  a Evolution of the first Principal Component of the spatially-averaged LSD (PC1-LSD) in a selection 
of control and ocean-only forced simulations; b associated EOF (as a function of depth); c Fourier spectra 
of PC1-LSD in the control runs. Gray lines in b-c correspond to the control CMIP5 experiment.
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Fig. 3 Scatterplot of the 15-yr running trends in PC1-LSD versus the maximum AMOC at 45°N (left) and 
26°N (rigth) in the whole ensemble of simulations (the respective correlations are shown in the legend). 
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Fig. 7 Depths where the 15-yr running trends in WB 
density are positively correlated with PC1-LSD. The 
deepest level ofpositive correlations is represented 
in the y-axis, the first level with positive correlations 
sets the size of the dots, and the average correlation 
between both levels is described in the x-axis. The 
colours of the dots indicate the associated simulation, 
using the same colour code as in Fig XX.
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Fig. 5 Cross-correlations between the 15-yr 
running trends in PC1-LSD and a selection 
of ocean circulation indices.
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Fig. 9  Same as in Fig. 3 but between PC1-LSD and 
the ESPG T700 index.

Robson J, Ortega P and  Sutton R (2016) “A reversal of climatic trends in the North Atlantic since 2005”, 
Nat Geosci 9: 513–517.

PC1-LSD behaves as a red-noise process with enhanced variance at 12-30 yrs
The associated EOF shows a coherent structure across models

PC1-LSD decadal trends are strongly linked to those of the AMOC at 45°N

By comparison, AMOC26N shows suppresed 
variance at inter-decadal timescales, which 
could explais the weaker link with PC1-LSD

No link PC1-LSD with AMOC26N
when Ekman transport is removed

Overall, PC1-LSD is tightly linked to the boundary densities at 45 and 57°N,
but with important discrepancies across models about the depths involved   

At 35°N, there is a weaker link of PC1-LSD with the boundary densities, 
and larger differences across models occur. 

All models support a link between the multi-decadal trends in PC1-LSD 
and the delayed  trends (by 3 to 10 years) in upper ocean temperature in 
the Eastern Subpolar Gyre (ESPG T700).

This is a consistent result regardless of the particular model representation 
of the PC1-LSD links with the AMOC indices and the boundary densities.

III. Latitudinal coherence  
of AMOC changes 

II. Causes of the inter-model spread  
(role of some climatological features) 

I.  Consistency of the LSD relationships   
     across an ensemble of climate models  

 

II. Experimental Setup

GC2           310 yrs    1/4° Orca grid 
HiGEM3                340 yrs    1/3° ocean  
CMIP5 ensemble   19 experiments  1° ocean or lower resolution 

A set of coupled preindustrial control experiments 

DPS3-Assimilation   1960-2016              1/4° Orca grid    Reference 



 
III. LSD as an index of multidecadal variability

The first mode of LSD variability consistently 
describes a red-noise process with enhanced 
variance between 10-30 years.  
 
The associated EOF also shows a coherent 
structure across models, with larger density 
values near the surface that decrease 
gradually with depth  
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III. LSD as an index of multidecadal variability

Rest of the analysis is focused on decadal trends (with 10 year running windows) 



a Crosscorrelation PC1−LSD vs AMOC45N
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III. LSD as an index of multidecadal variability

Rest of the analysis is focused on decadal trends (with 10 year running windows) 

Cross-correlation PC1-LSD vs AMOC@45N Cross-correlation PC1-LSD vs SPG Strength 

The trends in LSDs are consistently linked to enhancements of 
the subpolar AMOC and the of the subpolar gyre circulation 



a Crosscorrelation PC1−LSD vs AMOC45N
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III. LSD as an index of multidecadal variability

Rest of the analysis is focused on decadal trends (with 10 year running windows) 

Cross-correlation PC1-LSD vs AMOC@45N Cross-correlation PC1-LSD vs AMOC@26N 

The link with the AMOC at 26°N is much weaker, and the intermodel 
spread is larger (in particular regarding the lag of the max correlation) 
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Models with stronger LSD link with AMOC@26°N are those  
where the climatological AMOC is stronger and deeper 

 
IV. Characteristics of the inter-model spread

Climatological AMOC@45N Climatological AMOC@26N 
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Correlations LSD-PC1 vs Boundary densities 

Despite having EOFs of LSD of similar structure, GC2 and HiGEM show  
different connection between LSDs and boundary densities downstream 

 
IV. Characteristics of the inter-model spread
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These differences can actually explain part of the spread  
in the LSD  - AMOC26°N relationships  

Models with the strongest LSD-AMOC@26N connection tend to show  
deeper boundary densities propagating across all latitudes 

 
IV. Characteristics of the inter-model spread

LSD-AMOC@26N correlation vs depth of maximum correlation LSD-WBD 
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Model spread (in PC1-LSD vs AMOC26N relationship) seems to be also 
partly affected by differences in Labrador Sea density stratification 
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Model spread (in PC1-LSD vs AMOC26N relationship) seems to be also 
partly affected by differences in Labrador Sea density stratification 
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IV. Characteristics of the inter-model spread



 
The lagged link between the LSDs and the Ocean Heat Content in the 
Eastern SPG shows substantial differences in magnitude and lead time.  
 

 
V. Consequences of the inter-model spread
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b Crosscorrelation PC1−LSD vs SGP-T700
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b Crosscorrelation PC1−LSD vs AMOC26N
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The different representations of LSD-induced AMOC changes 
across latitudes can impact the associated impacts. 



•  All the simulations analysed show clear multidecadal variability 
in the Labrador Sea densities, and support a close link with the 
strength of subpolar AMOC and SPG circulation 

•  However, their ultimate link with the boundary densities, and 
cross-latitudinal coherence seems to be model dependent  

•  This spread appears to be partly linked to the different biases 
in the Labrador Sea stratification and how LS densities 
propagate downstream across the boundaries 

•  It is still to be determined if and how these different model 
representations can affect the oceanic and continental impacts 
of LSDs and the AMOC, and thereby their predictability 

 
Take home messages…

Thanks for your attention!! 


