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•  The	North	Atlan$c	Oscilla$on	(NAO)	is	one	driver	of	the	AMOC	
through	wind	stress	forcing	that	modulates	oceanic	deep	
convec$on	in	the	subpolar	Atlan$c	(e.g.,	Delworth	and	Zeng	2016)	
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North Atlantic SST	 Thermohaline Circulation	

	
What is the feedback exerted by AMV-SST anomalies onto the 

atmospheric circulation in winter ?	
	
	

Is the AMV a significant source of predictability of the wintertime 
climate, and especially the NAO, on decadal/multidecadal time scales ?	

	
	
	

	
	
	



	
	

Spatial pattern of the AMV	
Composite of warm minus cold AMV years	



	
	

Spatial pattern of the AMV	
Composite of warm minus cold AMV years	

AMV index following the method of Trenberth and Shea (2006)	



Three different approaches to 
examine potential feedback 
AMV to atmosphere:		

	
Observations 	

	
Idealized perturbation experiments with AGCMs	

	
Fully coupled GCM simulations from the CMIP5 project 	

	
	



Composite of DJFM SLP based on AMV polarity over 1901-2010 (20CR reanalysis)	
	
	
	
	
	
	
	

	
	

AMV-NAO relationship in observations	
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hPa	

Winter SLP 	

AMV-NAO relationship in observations	



Correlation between decadal fluctuations of the wintertime NAO and the AMV	
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AMV-NAO lead-lag correlations	
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AMV-NAO lead-lag correlations	
	
	

AMV-NAO relationship in observations	

Only 2 cycles of the AMV in observations, large 
uncertainties !	



Perturba(on	experiments	



LOW-TOP	 HIGH-TOP	 SLAB-OCEAN	

Response of the DJFM sea-level pressure (hPa), shading = 95% confidence level	

Negative NAO pattern, consistent with observations	

a)	
 b)	
 c)	
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Perturbation experiments	



•  What	is	the	long-term	AMV-NAO	rela(onship	in	coupled	ocean-
atmosphere	simula(ons	of	the	CMIP5	database?	

•  23 preindustrial control runs (piControl) of CMIP5 are used (>500 yrs). The AMV 
in these simulations represents internal variability of the North Atlantic ocean. 
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PiControl	AMV	(internal)	



SLP signal associated with the peak of AMV	

Ensemble	
mean	



a	
•  Most	of	the	models	show	less	amplitude	in	the	AMV	than	

observa$ons	

•  Composite	of	SLP	(AMO+	minus	AMO-)	in	CMIP5	unforced	pre-
Industrial	simula$ons	do	not	show	the	nega$ve	NAO	signature	

•  Let’s	look	at	correla$on	of	SST	and	heat	flux	at	interannual	vs	
mul$decadal	$me	scales	
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SST and mixed layer cool	

Increased wind	 Increased 	
evaporation/ turbulent heat flux	

Forcing of the ocean by the atmosphere	

Negative SST-heat flux correlation	



Relationship between SST and heat flux	

Long-term (> 10yrs) 
correlation	

Short-term (< 10yrs) 
correlation	

Gulev, S.K., M. Latif, N. Keenlyside, W. Park, K.P. Koltermann 
(2013) North Atlantic Ocean control on surface heat flux on 
multidecadal timescales Nature, 499, 464–467, doi:10.1038/
nature12268	

Grid-point correlation between SST and heat flux	



Correlation 
between SST and 
heat flux at long 
and short time 

scales	

Link between SST and heat flux	



AMV-NAO relationship in the models	

Lagged correlations 
between AMV and 

NAO	

NAO leads	 AMV leads	



Do models underestimate the long-term 
relationship between AMV and NAO ?	

Observations (110 years, 1901-2010)	

Each piControl (at least 500 years)	

Is the absence of AMV-NAO 
feedback due to sampling 

differences ?	



Do model underestimate the long-term 
relationship between AMV and NAO ?	

Observations (110 years, 1901-2010)	

Each piControl (at least 500 years)	

Is the absence of AMV-NAO 
feedback due to sampling 

differences ?	

126 subperiods of piControl runs corresponding to 
observations (110 yrs, no overlap)	
	



AMV-NAO relationship in the models	

Compute	lead-lag	correla$ons	for	each	individual	subperiod	of	each	of	the	23	models	

Define	a	swing	index	



Distribution of the so-called « swing index », swing of the long-term AMV-NAO correlation at lag 0	
	
126 sub-periods in piControl	

Do models underestimate the long-term 
relationship between AMV and NAO ?	
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Observations show that at multidecadal timescales, the North Atlantic SST not only 
reacts to, but also drives long-term fluctuations of the NAO. 
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Perturbation AGCM experiments show that AMV-SST anomalies induce a negative 
NAO pattern that is consistent with observations.	

Limitations : idealized experiments that neglect important components of the climate system 
(ocean dynamics) 	

CMIP5 model analysis  

The models simulate an influence of the atmosphere onto the AMV at multidecadal 
time scales, but no feedback from the ocean is found. 
	
Limitations : the models seem to underestimate the internal component of the 
AMV and long-term heat flux anomalies  	
	



AMV in CMIP5 models	

Historical simulations (1850-2005)	
1850-2005 climate simulations with varying natural + anthropogenic radiative forcing (GHG, aerosols, 
solar, volcanoes).	
	
	
	

AMV	from	historical	simula(ons	includes	both	the	internal	and	forced	component	of	AMV						
	 The observed AMV index is simply detrended here, as are the model AMV timeseries	



Do models underestimate the long-term 
relationship between AMV and NAO ?	
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Do models underestimate the long-term 
relationship between AMV and NAO ?	

53 sub-periods in HIST+RCP8.5	


