
!"#$%&'()*+(,-./,(*.0*'1(*2345*&/)*6.+'1(+/*7(#",-1(+(*'(#-(+&'$+(*'.**
624*8&+"&9./,*./*"/'(+&//$&%*'.*:(/'(//"&%*9#(*,:&%(,!

!!
!"#$%&'()'*+,-#./"'%01'2%0.#03'4+03'

52*(67899!

;+(#",(,<*
*
•!!"#$!%&'(&)*+,!&'-!&!.-/!0'(%-'!*1!#2$3!%&'(&4(5(6/!

•!!#!7*0-58,!'-,9*+,-!6*!"#$!%&'(&4(5(6/!(,!'-5&6-0!6*!(6,!(+6-'+&5!#2$3!%&'(&4(5(6/!

•!!:;<=!#2$3!%&'(&4(5(6/!<&+!(+>;-+<-!=-7(,9=-'(<!<5(7&6-!
!!



=>-(+"#(/'&%*)(,"?/*
!
!!:&+';#<=,+1'$#1+,'/#'+>%,<%/+'$#1+,'.+&=#0&+'/#'798'?#.;@03)'*@A+.+0;+'
B+/-++0'CD+./<.B+1E'%01'CF#0/.#,E'+G=+.@$+0/'@&'1<+'/#'798H.+,%/+1'I<G+&)'
'
!+0H$+$B+.'+0&+$B,+&'/#'@0;.+%&+'&@30%,'/#'0#@&+'.%J#)'
'
:&+'B#/"';#0&/%0/'.%1@%J>+'?#.;@03'+G=+.@$+0/&'KF#0/.#,&L'#.'+G=+.@$+0/&'-@/"'
;"%03@03'?#.;@03'K&<;"'%&'MN/"';+0/<.O'.<0&L''
*

!!
!

#('?,-&!>;@-,!!
A=-&6BC&6-'B7*7-+6;7D!

#67*,9=-'-!

$<-&+!

E3*+6'*5F!-@9-'(7-+6!

#('?,-&!>;@-,!!
A=-&6BC&6-'B7*7-+6;7D!

#67*,9=-'-!

$<-&+!

EG-'6;'4-0F!-@9-'(7-+6!

"#$!'-5&6-0!>;@!
(+6*!6=-!*<-&+!



H32IJ?K+6-'(7!'-&+&5/,(,!0-'(%-0!"#$!
'-5&6-0!>;@-,!ALMJ2D!!

!"#$%&'(&$#'
!
@&A**BCDE*53FGH*#.)(%*
AN*!*<-&+B!OPP!Q7!&67*,9=-'-D!
!
R=(,!7*0-5!=&,!<=&'&<6-'(,)<!#2$3!
)7-,<&5-!*1!SOP!/-&',!
!
@IA*BCDE*53FGJKCE4L*#.)(%*
AN*!*<-&+B!TP!Q7!&67*,9=-'-D!
!
R=(,!7*0-5!=&,!,*7-C=&6!5*+U-'!
<=&'&<6-'(,)<!#2$3!)7-,<&5-!
!
!!:--!V*=&+!W;9'(<=?W*4-'6!9*,6-'!
!
!
*
C.+:"/?*9#(*,(+"(,<*
A&D!K+,6&+6&+-*;,!,C(6<=!*+X*Y!
A4D!G-'(*0(<!
A<D!W-&5(,)<!)7-!,-'(-,!4&,-0!*+!!
*4,-'%-0!"#$!(+0-@!!



2	
  year	
  forcing	
  

5	
  year	
  forcing	
  

10	
  year	
  forcing	
  

20	
  year	
  forcing	
  

100	
  year	
  forcing	
  

50	
  year	
  forcing	
  

AM
O
C	
  
In
de

x	
  
)m

e	
  
se
rie

s	
  (
Sv
)	
  

CM2.1	
  :	
  AMOC	
  response	
  to	
  periodic	
  NAO	
  forcing	
  

Model	
  year	
  



:6
&+
0&
'0
!0
-%
(&
)*

+!
*1
!)
7
-!
,-
'(-

,!*
1!#

2
$
3!
'-
,9
*+

,-
!

G-'(*0!*1!"#$!1*'<(+U!)7-!,-'(-,!A/-&',D!

I-&.!'-,9*+,-!6*!1*'<(+U!&6!)7-!,<&5-,!7;<=!,=*'6-'!6=&+!
(+6-'+&5!%&'(&4(5(6/!)7-!,-'(-,!

L*7(+&+6!)7-,<&5-!*1!!
(+6-'+&5!#2$3!%&'(&4(5(6/!



Amplitude	
  of	
  response	
  of	
  hemispheric	
  temperature	
  change	
  to	
  NAO	
  varia)ons	
  
St
an
da
rd
	
  d
ev
ia
)o

n	
  
of
	
  N
H	
  
te
m
pe

ra
tu
re
	
  )
m
e	
  
se
rie

s	
  

Period	
  of	
  imposed	
  NAO	
  forcing	
  (years)	
  

Increasing	
  contribuJon	
  from	
  
feedbacks	
  at	
  longer	
  Jme	
  scales,	
  
especially	
  shortwave	
  radiaJon	
  



AMOC	
  response	
  (in	
  Sv)	
  to	
  “realis)c”	
  NAO	
  forcing	
  )me	
  series	
  

CM2.1	
  

CM2.5_FLOR	
  

1960	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1970	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1980	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1990	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2000	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2010	
  	
  	
  	
  	
  



Zonal	
  mean	
  of	
  surface	
  air	
  temperature	
  response	
  to	
  “realis)c”	
  NAO	
  forcing	
  )me	
  series	
  
(HIST_PLUS_NAO	
  minus	
  HIST)	
  

CM2.1	
  

CM2.5_FLOR	
  



Summary	
  and	
  Conclusions	
  
	
  
Main	
  purpose:	
  Examine	
  response	
  of	
  AMOC	
  and	
  NH	
  Temperature	
  to	
  NAO	
  variaJons;	
  useful	
  
in	
  assessing	
  factors	
  contribuJng	
  to	
  observed	
  mulJdecadal	
  variability	
  
	
  
Key	
  results:	
  
	
  
à	
  	
  AMOC	
  response	
  strongest	
  at	
  )me	
  scales	
  equal	
  to,	
  or	
  longer	
  than,	
  	
  internal	
  variability	
  
)me	
  scale	
  of	
  the	
  model;	
  temperature	
  response	
  grows	
  with	
  )mescale	
  (role	
  of	
  feedbacks)	
  
	
  
à	
  Poten)ally	
  important	
  role	
  of	
  NAO-­‐induced	
  AMOC	
  changes	
  for	
  NH	
  mean	
  temperature	
  over	
  
historical	
  record	
  (cooling	
  in	
  60s/70s,	
  warming	
  in	
  80s/90s)	
  
	
  
à	
  Interpreta)on	
  of	
  impact	
  of	
  AMOC	
  on	
  NH	
  mean	
  temperature	
  depends	
  on	
  model’s	
  internal	
  

	
  AMOC	
  variability	
  and	
  mean	
  state	
  
	
  -­‐	
  	
  in	
  response	
  to	
  iden)cal	
  NAO	
  forcing,	
  two	
  models	
  with	
  differing	
  AMOC	
  variability	
  and	
  

mean	
  state	
  have	
  different	
  es)mates	
  of	
  AMOC	
  impact	
  on	
  NHMT	
  
	
  
	
  
Challenges:	
  
	
  
How	
  widely	
  do	
  models	
  differ	
  in	
  their	
  response	
  to	
  NAO?	
  What	
  are	
  the	
  mechanisms	
  
determining	
  this?	
  How	
  does	
  this	
  influence	
  our	
  interpreta)on	
  of	
  the	
  impact	
  of	
  NAO	
  varia)ons	
  
on	
  large-­‐scale	
  climate?	
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