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A 20-yr coupled ocean atmosphere sea-ice mode in 
the subpolar North Atlantic in IPSLCM5A  
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Fig. 1. a Mean Atlantic MSF for the studied period. b Mean winter MXLD and location of deep convection sites defined.

16

Labrador
SST + 
SSS + 

GIN   
SST + 
SSS + 

Sea-ice 
cover - 

GIN    

Wind 
stress + 

GIN    
EGC +    

West   
SST + 
SSS + 

3 yrs 
(0.5) 

4 yrs 
(0.6) 

0 yrs 
(0.9) 

0 yrs 
(0.4) 

0 yrs 
(0.4) 

3 yrs 
(0.6) 

AMOC 

9 yrs 
(0.3) 7 yrs 

(0.5) 3 yrs 
(0.3) 

10 yrs 

Fig. 11. Schematic vue of the whole mechanism. Estimated time lags (and correlations) are indicated.

26

Escudier,	
  Mignot	
  and	
  Swingedouw,	
  
in	
  prep.	
  	
  	
  



A 20-yr coupled ocean atmosphere sea-ice mode in 
the subpolar North Atlantic in IPSLCM5A  

30 40 50 60 70 80

500

1000

1500

2000

2500

3000

3500

4000

4500

5000
−6
−5
−4
−3
−2
−1
0
1
2
3
4
5
6
7
8
9
10
11
12
13

Sv

(a)

0

150

300

450

600

750

900

1050

1200

1350

1500
meters

(b)

Fig. 1. a Mean Atlantic MSF for the studied period. b Mean winter MXLD and location of deep convection sites defined.

16

Labrador
SST + 
SSS + 

GIN   
SST + 
SSS + 

Sea-ice 
cover - 

GIN    

Wind 
stress + 

GIN    
EGC +    

West   
SST + 
SSS + 

3 yrs 
(0.5) 

4 yrs 
(0.6) 

0 yrs 
(0.9) 

0 yrs 
(0.4) 

0 yrs 
(0.4) 

3 yrs 
(0.6) 

AMOC 

9 yrs 
(0.3) 7 yrs 

(0.5) 3 yrs 
(0.3) 

10 yrs 

Fig. 11. Schematic vue of the whole mechanism. Estimated time lags (and correlations) are indicated.

26

low 

Escudier,	
  Mignot	
  and	
  Swingedouw,	
  
in	
  prep.	
  	
  	
  



A 20-yr coupled ocean atmosphere sea-ice mode in 
the subpolar North Atlantic in IPSLCM5A  

30 40 50 60 70 80

500

1000

1500

2000

2500

3000

3500

4000

4500

5000
−6
−5
−4
−3
−2
−1
0
1
2
3
4
5
6
7
8
9
10
11
12
13

Sv

(a)

0

150

300

450

600

750

900

1050

1200

1350

1500
meters

(b)

Fig. 1. a Mean Atlantic MSF for the studied period. b Mean winter MXLD and location of deep convection sites defined.

16

Labrador
SST + 
SSS + 

GIN   
SST + 
SSS + 

Sea-ice 
cover - 

GIN    

Wind 
stress + 

GIN    
EGC +    

West   
SST + 
SSS + 

3 yrs 
(0.5) 

4 yrs 
(0.6) 

0 yrs 
(0.9) 

0 yrs 
(0.4) 

0 yrs 
(0.4) 

3 yrs 
(0.6) 

AMOC 

9 yrs 
(0.3) 7 yrs 

(0.5) 3 yrs 
(0.3) 

10 yrs 

Fig. 11. Schematic vue of the whole mechanism. Estimated time lags (and correlations) are indicated.

26

Escudier,	
  Mignot	
  and	
  Swingedouw,	
  
in	
  prep.	
  	
  	
  



!"#$ !#%% !#%$ !#!% !#!$ !#&% !#&$ !#'%
(

"

#

!%

!!

!&

!'

!)

!$

*+,-.

/
0
1
2.
3-
+
4
5
36

/,72/012!283,-39452*+,-2!#%!

!"#" !"## !"$" !"$# !"%" !"%# !"&" !"&#
%

&

'

("

((

(!

()

(*

(#

+,-./

0
1
2
3/
4.
,
5
6
47

0-830123!394-.4:563+,-.3!"#$

!"#" !"#$ !"%" !"%$ !"&" !"&$ !"'" !"'$
%

&

'

("

((

(!

()

(*

($

+,-./

0
1
2
3/
4.
,
5
6
47

0-830123!394-.4:563+,-.3!"##

!"#$ !"%" !"%$ !"&" !"&$ !"'" !"'$ !(""
%

&

'

("

((

(!

()

(*

($

+,-./

0
1
2
3/
4.
,
5
6
47

0-830123!394-.4:563+,-.3!"%(

!"#$ !"%& !"%$ !"'& !"'$ !"(& !"($ !!&&
%

'

(

"&

""

"!

")

"*

"$

+,-./

0
1
2
3/
4.
,
5
6
47

0-830123!394-.4:563+,-.3!"%"

!"#$%&'()*+)%,-.%$%/,00$,#)%&,0)123)4&56&&0)789),0:);89)+*<)&,=>)&0'&%4#&)%&%4&<)?'>*60),')=*#*<&:)#.0&'@A))

B>&)=*05<*#)<$0).')'>*60),')5>&)5>.=C)4#,=C)#.0&A))

Consequences for potential predictability at 
decadal timescales?  

control 

2050 2085 2095 2060 1930 1895 

2065 2100 2200 2165 



Consequences for potential predictability at 
decadal timescales?  

Persechino,	
  Mignot,	
  Swingedouw,	
  
Labetoulle,	
  Guilyardi,	
  in	
  prep.	
  	
  

Decadal Predictability of the Atlantic Meridional Overturning Circulation 
and Climate in the IPSL-CM5A model!

Aurélie Persechino1, Juliette Mignot2, Didier Swingedouw3, Sonia Labetoulle2, Éric Guilyardi2  

1. Background & Aim of the Study!

1a.persechino@noc.soton.ac.uk - University of Southampton - National Oceanography Centre (UK), 2 IPSL/LOCEAN, 3 ISPL/LSCE 

2. Brief Model Description & Control Run!

!! The North Atlantic Ocean is one of the region  showing the highest potential predictability on decadal timescales (e.g., Boer 2001) 
!! Atmospheric model LMDZ (Hourdin et al. 2006); regular horizontal grid of 96x96 
points; 39 vertical levels. Oceanic model NEMO (Madec 2008) (includes OPA, 
LIM-2, PISCES); ORCA-grid (resolution of 2° enhanced over Arctic, subpolar 
North Atlantic, equator); 31 vertical. Land-surface model ORCHIDEE (Krinner 

et al. 2005). 

IPSL-CM5A fully described in Dufresne et al. (in preparation) 

!! MOC oscillation of ~ 30-yr; slightly longer than the one identified in HadCM3 by DS05 (~25-yr) 

3. Methods for Measuring Potential Predictability!

5-yr mean 

5.Prognostic Predictability of the AMOC & Climate !

!! Internal climate variability on decadal timescale in this area has been linked to fluctuations of the Atlantic Meridional Overturing 
Circulation (AMOC) (e.g., Latif et al. 2004; Collins et al. 2006). 

Exploring the decadal timescale predictability of AMOC and associated oceanic and atmospheric fields 

as they are represented in IPSL-CM5A 

Aim of the Study 

!! 1000-years control simulation; constant pre-industrial boundary conditions. 

What is the predictability of the AMOC & is it sensitive to ICs? ! What is the predictability of associated near surface oceanic 
and atmospheric fields & are they sensitive to ICs? !

Where is the low-frequency variability of  SAT/precipitation/SSS in the model? [Fig.1] !

Diagnostic potential predictability (DPP)! Prognostic potential predictability (PPP) or “Perfect Model” experiment!

!!  DPP attempts to quantify fraction of long-term variability that may be 
distinguished from the internally generated natural variability, not predictable 
on long time scales and considered as ‘noise’.  

!! Boer (2004) defined the potential predictability variance fraction (ppvf) as an 
estimate of DPP: 

ppvf (X) =

! N

2
(X)!

1

N
! 2
(X)

! 2
(X)

! 2

: Variance of N-year means 

: Interannual variance 

!
N

2

0 ----------- ppvf ---------- 1 

No potential 

predictability 
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4.Diagnostic Predictability of Climate!

To what extent is it associated with AMOC low-frequency variability? [Fig.2]!

10-yr mean 25-yr mean Regression onto AMOC 
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Fig.1: Internally generated decadal ppvf Fig.2: Lagged-regression maps 
(AMOC leads by 10-yr) 

Fig.3: Plumes of the AMOC index starting from different Initial Conditions (ICs) 
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Fig.5: Box plot of EC. Red crosses= individual correlation coefficient statistically significant at the 95% confidence level. Median of correlation = solid horizontal line (red if 
statistically significant). Mean of all medians = dashed red line. 1D(2D)= correlation from year 1 to 10(20). 

Fig.4: ES for M10 (grey) & CS03 (black) for lead time up to 20-years. Saturation level (i.e. standard deviation of control run) = black dashed line. Dots = ES smaller than saturation 
level at the 95% confidence level. Shading areas indicate when ensemble mean is in an extremum state (minimum, maximum). 
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Fig.6:Plumes of AMOC index (top panel), SSS 
in Labrador Sea (middle panel), East Greenland 

Current (EGC) index (bottom panel) 

!! SAT: highest potential predictability skills in North Atlantic Ocean. Up to 2 decades, in the high latitudes (Nordic 
seas, subpolar gyre) & some part of the middle latitudes (Gulf Stream path, eastern branch of the subtropical gyre). Up 
to 1 decade, it extends over the Tropical Atlantic Ocean & over land (maritime influenced regions of Europe). 

!! Precipitation: some hints of potential predictability up to 1 decade over small areas of the high latitudes, overall 
little potential predictability on decadal timescale.  

!! SSS: up to 2 decades, potentially predictable in the high latitudes (Nordic Seas, subpolar gyre, Labrador Sea) & 
some part of the middle latitudes (Gulf Stream path, both eastern and southern branches of sutropical gyre), southern 
subtropics. Hints of potential predictability up to 1 decade in deep tropics.  

!! High-latitudes regions potentially predictable, similar to regions significantly influenced by AMOC variability 10 
years later. If we can predict AMOC, we can predict SAT/precip/SSS in these regions 10 years later. 

!! Tropical precipitation strongly influenced by AMOC 10 years later but does not appear with DPP approach as 
region potentially predictable. 

!! ES [Fig.4]: although it saturates more rapidly with CS03, both definitions gives overall same results.  More careful to 
adopt 

CS03’definition (as 
more severe)? 

!! EC [Fig.5]: Both definitions overall give same results except for two cases (statistically significant EC for M10 and 
not for CS03 for I over 1 decade and W over 2 decades " consequence of one divergent member?) 

!! S combines highest EC & slowest ES saturation level reached after ~ 11-yr. Peak at year 6 [Fig.4] might be caused by few divergent 
members (e.g., in blue, cyan) [Fig.3]. Better predictability for S not surprising: leaving from extremum, all members expected to take same 
direction and to go back towards “normal” mean state. 

!! Predicting extreme AMOC (yr 2070): 15P statist. significant & 3rd highest EC over 2 decades 
but saturating before peak. 5P stat. significant & 2nd highest EC over 2 decades, and saturating 
after peak " an extreme AMOC is potentially predictable up to 15-yr in advance while its 
amplitude only up to 5-yr. 

!! Return of predictability skills [Fig.4]: e.g., 5P after ~14-yr when ensemble mean within standard 
deviation: too noisy to talk about return of predictability skills ? 

!! W and I have the weakest predictive skills (agrees with previous studies, e.g., Collins & Sinha 2003). 

!! SAT/SST; up to 1 decade near two convection sites (Nordic Seas, subpolar 
gyre); up to 2 decades, in extended area of subpolar Atlantic, eastern branch 
of North Atlantic subtropical gyre, northern western tropics, southern tip of 
Africa, Aral Sea, and over limited land areas (western part of British islands, 
Iceland, Venezuela). 

!! SSS; up to 1 decade near convection sites, Labrador Sea, Gulf Stream path, 
eastern branch of north Atlantic subtropical gyre; up to 2 decades, 
additionally predictable in extended area of subpolar Atlantic, in entire eastern 
basin of North Atlantic, in Tropics. 

Fig.7: Schematic 
representation of 

regions where SAT/
SSS is potentially 
predictable (i.e. 

regions combining 
both high EC & low 
ES). Red, blue, green 
outlines = regions for 

strong, weak & 
intermediate ICs; 
orange & brown = 

regions for 15-yr, 5-

yr before Peak ICs. 

!! Predictability of eastern North Atlantic basin: comma shape brought out 
by DPP &PPP approaches, and regions highly impacted by AMOC 
fluctuations 10 years later. Where does this predictability come from?  

Five 10-member ensembles run for 20-yr with perturbed initial conditions & started from 5 initial dates of the control simulation 
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!! Starting date of 15P coincides with min. EGC & max. SSS in Labrador Sea [Fig.6]. Thereby it 
might contains the precursor of mechanisms responsible for the 20-yr cycle of AMOC identified 
by Escudier et al. (in prep.): coupled mechanism in the North Atlantic subpolar gyre involving 
EGC, SSS in Labrador Sea and sea ice cover in Arctic. Ability to capture AMOC peak originates 
from the subpolar activity responsible for  the decadal variability of the AMOC in the model? 

!! Predictability of Tropics seems to be ICs-dependent; better predictability 
for 15P? Extreme AMOC associated with ITCZ shift (not shown) & hence 
northern tropical SSS anomalies. Predictability of extreme AMOC allows 
predictability of tropics?  

Main conclusions so far … 

!! Metric 1: Ensemble Correlation (EC) 

!! Metric 2: Ensemble Spread (ES) 

To what extent are the forecasts varying 

coherently with “baseline”? 

EC [M10] = Median of correlations between each 
member & Ensemble Mean 

EC [CS03] = Median of correlations of possible pairs 

How large are the typical errors in the forecast 

relative to those implied by “baseline”? 

ES [M10] = Spread around Ensemble Mean 

ES [CS03] = Spread around each member 

“baseline” = Ensemble Mean 
(as Msadek et al. 2010 – hereafter M10) 

“baseline” = Each member (as 

Collins & Sinha 2003 - hereafter CS03) 

or 
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!! AMOC potentially predictable up to 11-yr in advance. 
!! Extreme AMOC can be predicted up to 15-yr ahead (although its 
amplitude remains uncertain); ability to capture a peak originates from 
mechanisms responsible for decadal variability of AMOC? 
!! Extreme AMOC state can allow predictability of tropical SAT/SST/SSS 
up to 2 decades. 
!! Future works: (i) examining mechanisms responsible for potential 
predictability of identified specific regions (e.g., Tropics, eastern basin of 
North Atlantic). (ii) comparing results given by the two approaches. 

•  Labrador Sea SSS = 7-10 years predictor of 
the AMOC 

•  EGC = more than 10 years predictor 

2050 2085 2030 

EGC	
  

Lab	
  SSS	
  



CMIP5	
  near	
  term	
  exercise	
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  IPSL	
  



piControl


CMIP5 near term at IPSL: strategy 
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CMIP5 near term at IPSL: strategy 



-­‐	
  3	
  ini=alized	
  simula=ons	
  from	
  3	
  members	
  of	
  the	
  ensemble	
  of	
  historical	
  
simula=ons	
  (long	
  term)	
  

1948

1948
 1948


2005
 2005
 2005


historical1 + nudging
 historical2 + nudging
 historical3 + nudging


1860
 1860
 1860


CMIP5 near term at IPSL: strategy 

)''( mod obselnudg TTQ −−= γ γ	
  =	
  	
  40	
  W/m2/K	
  surface	
  restoring	
  



3	
  free	
  runs	
  with	
  perturbed	
  ini=al	
  condi=ons	
  started	
  from	
  	
  31	
  dec	
  1960,	
  
1965,	
  …	
  2005	
  
	
  
Ini=al	
  perturba=on:	
  spa=al	
  white	
  noise	
  on	
  SST	
  

1948
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Strategy: 


CMIP5 near term at IPSL: strategy 



1st	
  set	
  hindcasts	
  done	
  -­‐	
  90%	
  
2nd	
  set	
  in	
  the	
  machine	
  –	
  50%	
  

1948

1948
 1948


2005
 2005
 2005


historical1 + nudging
 historical2 + nudging
 historical3 + nudging


1860
 1860
 1860


CMIP5 near term at IPSL: status 



First	
  results	
  on	
  AMOC	
  
ini+alisa+on	
  



AMOC Initialisation 

�  5-members ensemble of nudged 
simulations and control-historical 
ones 

�  5-members historical simulations as 
control 

Historical 
simulations 

Nudged 
simulations 

(3-yrs running mean) 

AMOC 48°N 



AMOC Initialisation 

�  Reconstruction of the AMOC using 
NODC hydrographic data (Huck et 
al. 2008) 

�  5-members ensemble of nudged 
simulations and control-historical 
ones 

�  5-members historical simulations as 
control 

Obs. (Huck et 
al. 2008) 

Historical 
simulations 

Reconstruction (Huck 
et al. 2008) 

Nudged 
simulations 

(3-yrs running mean) 

Pohlmann et al 2010 



Convection sites 
response 

�  Two	
  pics	
  around	
  5	
  years	
  
before	
  each	
  AMOC	
  max.	
  

�  Driven by density at 
surface, coming from 
salinity mainly and a 
slight contribution from 
SST 

�  How	
  is	
  SSS	
  ini+alized?	
  

(3-yrs running mean) 



Mechanisms 

⇒ GIN seas SST 
⇒ GIN seas ice cover 
⇒ Wind stress 
⇒  EGC 
⇒  SSS Labrador Sea 
⇒  CV sites 
⇒  AMOC 

SST	
  GIN	
  

Sea	
  ice	
  GIN	
  

Wind	
  stress	
  

EGC	
  

Lab	
  SSS	
  

CV	
  sites	
  

AMOC	
  



Mechanisms 

⇒  HadISST  

SST	
  GIN	
  

Sea	
  ice	
  GIN	
  

Wind	
  stress	
  

EGC	
  

Lab	
  SSS	
  

CV	
  sites	
  

AMOC	
  

GSAs! 
(1970, 82, 90 
Sundby & 
Drinkwater 
2007) 



first	
  hindcasts	
  results	
  



AMOC hindcasts 

•  Only one member 
of the nudged 
ensemble (planned 
to apply to each) 

•  3-members 
ensemble of free 
run 

•  90’s max. missed 
(effect of persistent NAO?) 

AMOC	
  48°N	
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Atlantic SST lead time 1yr 
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Atlan+c	
  SST	
  lead	
  +me	
  1	
  yr	
  -­‐	
  detrend	
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SST  leadtime 6   7   8   9  10yrs
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Conclusions   

•  In IPSLCM5, AMOC predictability strongly linked to  a 
multidecadal mode of variability 

•  AMOC initialisation also linked to this mode.  Surprising 
agreement with data given the biases in the North Atlantic in 
the IPSL-CM5 model? 

 - not inconsistent with GSAs  

 - initialised after 30 years using only Reynolds SST  

•  1st set of decadal predictions with IPSLCM5A is on the way 
•  Evaluation of the predictive skill under investigation. 
•  Some issue about the 1991 starting date  

to be continued… 



Outlook 

6
8

10
12

14
16

18

AM
O

C 
In

de
x 

(S
v)

Original Target
NoSicT ; Cor=(0.56;0.28) ; MEF =(−0.08;−5.66)
NoSicTS ; Cor=(0.01;0.76) ; MEF =(−1.03;0.27)

20
25

30
35

40
45

AS
PG

 In
de

x 
(S

v)
Original Target
NoSicT ; Cor=(0.59;−0.39) ; MEF =(−0.18;−7.79)
NoSicTS ; Cor=(−0.03;0.14) ; MEF =(−0.49;−1.04)

40
45

50

AS
TG

 In
de

x 
(S

v)

Original Target
NoSicT ; Cor=(−0.27;−0.61) ; MEF =(−2.01;−4.05)
NoSicTS ; Cor=(−0.64;0.13) ; MEF =(−2.46;−0.18)

2200 2220 2240 2260 2280 2300

Su
bp

ol
ar
	
  G
yr
e	
  

In
de

x	
  
(S
v)
	
  

AM
O
C	
  
In
de

x	
  
(S
v)
	
  

90%	
  =	
  0.28	
  	
  
95%	
  =	
  0.36	
  
99%	
  =	
  0.49	
  

90%	
  =	
  0.28	
  	
  
95%	
  =	
  0.36	
  
99%	
  =	
  0.49	
  

use	
  perfect	
  model	
  approach	
  
to	
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ini+aliza+on	
  strategy	
  

SST	
  restoring	
  
SST	
  and	
  SSS	
  restoring	
  

-­‐	
  add	
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  to	
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temperature	
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-­‐	
  ini+aliza+on	
  through	
  wind	
  
(3D	
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Future	
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tsol  leadtime 2  3  4yrs
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Why	
  do	
  we	
  miss	
  the	
  
1990s	
  peak?	
  



Hindcasts	
  
AMOC	
  48°N	
   AMOC	
  max	
  

Atl.	
  HT	
  20°N	
  Pac.	
  HT	
  20°N	
  



Air-sea ice interactions in 1978-80 
Nudged simulations 



Air-sea ice interactions in 1967-69 
Nudged simulations 



Propagation of SST 
anomalies 

⇒ We follow the mininimum of 
SST along the gyre 

⇒  8 years between Labrador and 
GIN 

⇒  True in the model (known) 
⇒  And in the Reynolds data! 

1 2 
3 

4 

Box	
  1	
  

Box	
  2	
  

Box	
  3	
  

Box	
  4	
  

Reynolds 
Nudged sim. 



Simulating ocean carbon fluxes at decadal 
time-scale need online simulations 

North Atlantic (45-75°N) carbon uptake Wavelet Analysis on preindustrial 
simulation (1000 years) 

Offline simulation 
Biogeochemical model  

forced by monthly means 

Online simulation 
Biogeochemical model  

Embedded in coupled climate model 

No Signal at decadal time-scale Signal at decadal time-scale 

Séférian, Bopp et al.  



Predictability of ocean carbon fluxes at 
decadal time-scale 

Potential predictability diagnostic 
(PPVF, Boër et al., 2004) 

Practical predictability diagnostic 
(e.g., Msadek et al., 2010) 

Perfect Model Approach 
Understanding the mechanisms of the 

decadal predictatibility/variability 

Séférian, Bopp et al.  



SST 
IPSLCM5A 

HadISST 

IPSLCM5A -  HadISST 

SSS 
IPSLCM5A 

Levitus 

IPSLCM5A -  Levitus 

September 



AMOC maximum in IPSLCM5A control 
simulations 

Mean=12.5 Sv Mean=10.3 Sv 

96x96x39	
   144x142x39	
  


