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Atlan1c	  mul1-‐decadal	  variability:	  More	  marine	  
proxy	  data	  needed	  to	  understand	  its	  true	  nature	  

the instrumental SST record from the Atlantic with warm periods from 1860 to 1890 and 1940 to 1970, and a
cold period from 1900 to 1930. The time series have a correlation of 0.53 at a zero lag. This and other
correlations discussed below are summarized in Table 1. PC1 captures an additional cold period in the 1930s
that is not present in the observed AMV-index. This cooling is present in four out of the five proxy records
included in our analysis, suggesting that this cold period is a tropical signal. However, this cooling is not
present in the observed records for the western tropical Atlantic. Prior to the instrumental record, PC1 has a
cold period from 1820 to 1860 and a warm period from the beginning of the record (1781) to 1820. When we
repeat the PCA for the five coral records without detrending the records first, PC1, now explaining 35% of the
variability, captures the same periodicity and timing of warm and cold periods as for the detrended records
(not shown). In addition, there is a positive linear trend. PC1 provides evidence that the multidecadal
variability in Atlantic SSTs may have persisted prior to the instrumental record.

PC1 is also comparable to the AMV
reconstruction from both Gray et al.
[2004] (G04) andMann et al. [2009] (M09),
but the reconstructions are somewhat
displaced in time (Figure 2). For instance,
the first warm period in the beginning of
PC1 ends later than the corresponding
warm period in the land-based
reconstructions; hence, the cold period that
lasts until about 1860 starts later in PC1
(Figure 1b). The cross correlation between
PC1 and the AMV reconstruction from Gray
et al. [2004] has a maximum value of 0.44
when PC1 lags the reconstruction by
11years. At a zero lag the correlation is
0.26. The cross correlation between PC1

90 o
W

60o
W 30

oW

0
o

0 o

30 o
N 

60 oN 

90 o
N 

(a)

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980

-3

-2

-1

0

1

2

3

(b)
PC1
AMV

Figure 1. (a) Correlation between PC1 and annually averaged observed SST (HadISST), showing only values at a 95% confidence
level for the effective degrees of freedom. Blue dots indicate the sampling sites. (b) PC1 (solid black line) and the AMV-index from
HadISST data (dashed blue line).
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Figure 2. Normalized decadally filtered PC1 (solid black line), AMV
reconstructions from Gray et al. [2004] (G04, red line) and Mann et al.
[2009] (M09, orange line), and the AMV-index from HadlSST data
(dashed blue line).
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Principle	  component	  analysis	  of	  five	  coral	  records	  from	  the	  tropical	  Atlan1c	  

Instrumental	  AMV	  in	  blue	  

Svendsen	  et	  al.	  2014	  



Some	  insights	  on	  the	  AMV	  from	  
instrumental	  data	  and	  climate	  models	  

1.  Atmospheric	  forcing	  of	  ocean	  variability	  
How	  consistent	  is	  the	  slab	  ocean	  –	  AGCM	  interpreta1on	  of	  AMV?	  

2.  Ocean	  forcing	  of	  atmospheric	  variability?	  

3.  Implica1ons	  for	  climate	  predic1on	  



Atlan1c	  mul1-‐decadal	  variability	  warm	  phase	  
and	  nega1ve	  winter	  NAO	  

Composite	  analysis	  of	  10yr	  running	  mean	  AMV-‐index,	  1870-‐2009	  	  
SST	  (JFM,	  °C)	   SLP	  (JFM,	  Pa)	  

Omrani	  et	  al.	  (2014)	  

Does	  not	  match	  NAO	  tripole	  



The	  Stochas1c	  null	  hypothesis	  

•  NEMO	  OGCM	  –	  0.5x0.5	  deg.	  globally,	  46	  ver1cal	  levels	  
•  Synthe1c	  white	  noise	  NAO	  1me	  series	  
•  NAO-‐paaerns	  of	  anomalous	  fluxes	  
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Oceanic	  response	  to	  stochas1c	  NAO	  not	  AR-‐1	  

Mecking	  et	  al.	  2013,	  2015	  

Stochas1c	  spa1al	  resonance	  
	  

Quasi-‐equilibrium	  state	  



Annual	  mean	  indices:	  	  
Atlan1c	  mul1-‐decadal	  varia1ons	  SST	  and	  turbulent	  heat	  flux	  

Gulev	  et	  al.	  (2013)	  

Reconstructed	  fluxes	  prove	  Bjerknes’	  conjecture:	  on	  decadal	  
1mescales	  ocean	  drives	  mid-‐la1tude	  SST	  and	  turbulent	  heat	  fluxes	  



2.	  Ocean	  forcing	  of	  atmospheric	  variability?	  

Old	  ques1on	  being	  revisited	  by	  new	  work:	  
•  Higher	  horizontal	  resolu1on,	  sharp	  SST	  fronts,	  high-‐

frequency	  SST	  data	  (e.g.,	  Minobe	  et	  al.	  2008,	  
Nakamura	  et	  al.	  2004,	  Taguchi	  et	  al.	  2012,	  Zhou	  et	  al.	  
2015)	  
	  

•  Role	  of	  stratosphere-‐troposphere	  interac1on	  in	  the	  
atmospheric	  response	  to	  large-‐scale	  SST	  changes.	  



Stratospheric	  resolving	  model	  captures	  response	  
to	  warm	  AMV	  condi1ons	  (1951-‐1960)	  

Observed	  
SST	  

anomalies	  

NCEP/NCAR	  
Geopot.	  height	  
anomalies	  

High-‐top	  
simulated	  
response	  

(MAECHAM5)	  

Low-‐top	  
simulated	  
response	  

(MAECHAM5)	  

Omrani	  et	  al.	  2014	  



ECHAM6/MPIOM	  stratosphere	  Resolving	  model	  
reproduces	  warm	  phase	  –	  nega1ve	  NAO	  rela1on	  
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Winter	  (JFM)	  composite	  analysis	  of	  unfiltered	  AMV-‐index	  
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Omrani	  et	  al.	  2015	  



Warm	  phase	  –	  Atmospheric	  paaern	  largely	  
driven	  by	  North	  Atlan1c	  SST	  
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Omrani	  et	  al.	  2015	  



Warm	  phase	  –	  Stratospheric	  polar	  vortex	  weakening	  
largely	  driven	  by	  North	  Atlan1c	  SST	  
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Omrani	  et	  al.	  2015	  



Schema1c	  of	  the	  atmospheric	  response	  to	  
extra-‐tropical	  North	  Atlan1c	  SST	  
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Keenlyside	  et	  al.,	  ERL,	  	  2014	  



3.	  Implica1ons	  for	  climate	  predic1on	  



observed	  
climate	  

climate	  
model	  

climate	  
forecast	  

a	  s	  s	  i	  m	  i	  l	  a	  t	  i	  on	  

Conceptual	  view	  of	  the	  predic1on	  problem	  

Reliable	  
predic1ons	  

The	  differing	  representa1ons	  of	  predictable	  dynamics	  

Courtesy	  Tor	  Eldevik	  



Sources	  of	  error	  and	  predic1on	  skill	  
•  Climate	  predictability	  arises	  from	  interacMon	  
of	  slowly	  varying	  components	  of	  the	  climate	  
system	  with	  the	  atmosphere	  

•  Misrepresenta1on	  of	  these	  interac1ons:	  
– Errors	  in	  the	  mean	  state	  and	  variability	  
– Strong	  forecast	  drin	  that	  degrades	  forecast	  skill	  
– Renders	  models	  poor	  tools	  in	  es1ma1ng	  
predictability	  

•  Coupled	  data	  assimila1on	  provides	  a	  pathway	  
forward	  	  



Ability	  of	  an	  EnKF	  data	  assimila1on	  to	  constrain	  
system	  with	  limited	  data	  
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Subpolar	  Gyre	  Strength	  from	  SST	  anomaly	  assimila1on	  
Norwegian	  Climate	  Predic1on	  System	  

Courtesy	  Francois	  Counillon	  	  



Summary	  

1.  The	  slab	  ocean	  –	  AGCM	  interpreta1on	  of	  AMV	  
not	  consistent	  with	  current	  understanding	  

2.  Observa1ons	  and	  model	  indicate	  warm	  AMV	  
drives	  nega1ve	  NAO	  
–  	  stratosphere	  playing	  a	  key	  role	  
–  Cold	  AMV	  response	  is	  less	  well	  simulated	  
–  Supported	  by	  several	  studies	  (Omrani	  et	  al.	  

2014,2015;	  Peings	  and	  Magnusdo1r	  2014,2015;	  
Gas1neau	  et	  al.	  2014;	  Frankignoul	  et	  al.	  2015)	  


