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1. Normal AMOC 2. Strong AMOC 
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Propaga7on	
  is	
  the	
  sum	
  of	
  3	
  things:	
  
o  mean	
  flow.	
  
o  geostrophic	
  self	
  advec7on	
  
o  β-­‐effect.	
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Robust	
  Mode	
  Proper7es	
  
•  1)	
  The	
  mode’s	
  dominant	
  period	
  falls	
  within	
  15-­‐35	
  years.	
  	
  

•  2)	
  Westward	
  propaga7on	
  of	
  density/temperature	
  anomalies	
  in	
  the	
  northern	
  
Atlan7c	
  Ocean	
  (40-­‐60oN)	
  controls	
  the	
  mode	
  period:	
  	
  
	
   	
  1⁄2	
  period	
  ≈	
  the	
  basin	
  crossing	
  4me	
  for	
  the	
  anomalies	
  	
  

•  3)	
  AMOC	
  varia7ons	
  are	
  correlated	
  with	
  the	
  east-­‐west	
  density	
  gradient	
  
across	
  the	
  upper	
  northern	
  Atlan7c	
  ocean	
  (40-­‐60oN,	
  200-­‐500m)	
  	
  

•  4)	
  Temperature	
  anomalies	
  averaged	
  over	
  the	
  upper	
  northern	
  Atlan7c	
  and	
  
the	
  AMOC	
  are	
  in	
  quadrature:	
  	
  
	
   	
  cold	
  temperature	
  anomalies	
  lead	
  posi4ve	
  AMOC	
  anomalies	
  by	
  ~	
  1⁄4	
  of	
   	
  

	
  the	
  mode	
  period	
  	
  
•  5)	
  Density	
  anomalies	
  are	
  controlled	
  by	
  temperature	
  with	
  slight	
  

compensa7on	
  by	
  salinity	
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  Models:	
  
Between	
  450	
  and	
  
1200	
  years.	
  
	
  
	
  
Variability	
  peaks	
  
40oN-­‐60oN	
  in	
  
most	
  of	
  the	
  
models.	
  
	
  
Different	
  
magnitudes	
  and	
  
locaNons	
  across	
  
all	
  models	
  even	
  
from	
  the	
  same	
  
modeling	
  group.	
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prominent	
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  models.	
  In	
  
both	
  density	
  and	
  
AMOC.	
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Density	
  Anomalies	
  at	
  an	
  AMOC	
  Peak	
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East-­‐West	
  
gradient	
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Density	
  (and	
  
temp).	
  
	
  
Most	
  models	
  are	
  
temperature	
  
dominant	
  with	
  
some	
  salinity	
  
compensaNon.	
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IPSL−CM5A−LR	
   GFDL−ESM2G	
   GFDL−CM3	
  	
  	
  	
  	
  	
  	
   MIROC5	
  

Westward propagation of temperature anomalies (200-500m,40-60oN)  
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1. Normal AMOC 2. Strong AMOC 

MODE  MECHANISM: 
 

Westward propagation of large-scale depth-integrated 
temperature (density) anomalies 

3. Normal AMOC 4. Weak AMOC 

Sevellec and Fedorov 2013a,b  
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GFDL-­‐ESM2M	
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Conclusions.	
  
•  We’ve	
  iden7fied	
  about	
  half	
  of	
  the	
  cmip5	
  models	
  
inves7gated	
  that	
  contain	
  evidence	
  of	
  a	
  mode	
  of	
  
variability	
  linked	
  to	
  westward	
  propaga7ng	
  
temperature	
  anomalies.	
  	
  

•  Once	
  the	
  models	
  that	
  have	
  this	
  behaviour	
  are	
  
iden7fied	
  we	
  can	
  start	
  looking	
  at	
  the	
  differences	
  
between	
  them.	
  	
  

14	
  

CanESM2	
   CNRM-­‐CM5	
   GFDL-­‐CM3	
   GFDL-­‐ESM2G	
  

GFDL-­‐ESM2M	
   GISS-­‐E2-­‐R	
   IPSL-­‐CM5A-­‐LR	
   MIROC5	
  

MIROC-­‐ESM	
   MPI-­‐ESM-­‐LR	
   MPI-­‐ESM-­‐MR	
   MPI-­‐ESM-­‐P	
  

MRI-­‐CGCM3	
  
	
  

NorESM1-­‐M	
  
	
  



Extra	
  Slides	
  /	
  Content	
  	
  

15	
  



A                                              B 

MODE  MECHANISM: 
 

Westward propagation of 
large-scale depth-integrated 

temperature (density) 
anomalies 

Sevellec and Fedorov 
2013a,b  
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 Normal AMOC                                                                               1. 

 Strong AMOC                                                                                2.  

 Normal AMOC                                                                               3. 

 Weak AMOC                                                                               4. 

Temperature anomalies, oC 

ANOMALIES IN 
STREAMFUNCTION 
and TEMPERATURE 
for the EIGENMODE 
(zonally-averaged, 
decay suppressed) 
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Propagation speed of temperature anomalies

c=U+U'+crossby

U- eastward advection by mean flow
!U ∝∂yT - westward geostrophic self-advection on temp grad 

crossby - baroclinic Rossby wave speed (the β-effect)

Idealised	
  Model	
  propaga7on	
  speed.	
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Idealised	
  Model	
  propaga7on	
  speed.	
  

Idealised	
  
model	
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GCM	
  	
  (m/s)	
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