
Ini$al	  Value	  Predictability	  of	  	  
Upper	  Layer	  Temperature	  and	  AMOC	  

Grant	  Branstator	  &	  Haiyan	  Teng,	  NCAR	  
Andrey	  Gritsun,	  RAS	  



Predictability	  basics	  
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     x(t +! ) =C(! )C!1(0)x(t)      for C(! ) = lag cov matrix

Predictability from Controls 

      Method I: Analogs 

       Method II: Regression dynamics  

• 	  DelSole	  &	  Tippet	  (2009)	  
• 	  Lorenz	  (1969)	  

Attractor averages 



Subsurface	  temperature	  predictability	  
in	  CMIP5	  models	  



Ini$al	  Value	  Predictability	  
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(minimum	  of	  500	  years	  in	  each	  control)	  



Predictability	  Limits	  Averaged	  Across	  Models	  
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AMOC	  predictability	  



Predictability	  of	  AMOC	  from	  
40	  member	  ensembles	  

Teng	  et	  al.	  (2011)	  



This	  is	  150PC	  MR.	  	  Need	  to	  use	  running	  3yr	  mean	  AMOC	  
for	  ensemble	  results	  some$me.	  	  Also	  use	  geometric	  
mean	  of	  diagonal	  for	  R10	  from	  MR.	  

Es$ma$ng	  AMOC	  Predictability	  from	  Control	  
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Do	  prominent	  modes	  have	  
high	  predictability?	  
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AMOC   EOFs     





Might	  there	  be	  highly	  
predictable	  AMOC	  events?	  
	  



Fluctua$on	  Dissipa$on	  Theorem	  
	  (Leith,	  1975;	  Deker&Haake,	  1975;	  Risken,	  1984)	  

! 

    R(t) = C(t "#)C"1(0) f (#)d#
t0

t

$

Suppose	  have	  a	  discre$zed	  dynamical	  system	  with	  weak	  anomalous	  
forcing	  f,	  such	  that	  there	  is	  noise	  in	  the	  system,	  the	  sta$s$cs	  are	  quasi-‐
Gaussian	  and	  it	  has	  a	  unique	  F-‐P	  eqn,	  then	  

the	  operator	  that	  gives	  the	  mean	  response	  at	  $me	  t	  to	  a	  pulse	  forcing	  at	  
t0	  is	  

! 

     "U(t, t0) = C(t # t0)C#1(0),
                      for C($ ) = lag cov matrix

! 

"

Gritsun	  &	  Branstator	  (2007)	  



Maximized	  AMOC	  Response	  
	  to	  Surface	  Heat	  Flux	  

Op$mal	  Heat	  Flux	  Forcing	  
(imposed	  for	  5	  years)	  
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maximize	  year	  5	  



Maximized	  AMOC	  Response	  
	  to	  Surface	  Heat	  Flux	  

Op$mal	  Heat	  Flux	  Forcing	  
(imposed	  for	  5	  years)	  

(K/month)	  
Danabasoglu	  et	  al.	  (2012)	  

Density0-‐203	  &	  BL	  depth	  
Leading	  AMOC	  PC1	  by	  2	  years	  

maximize	  year	  5	  

CCSM4	  	  T31x3	  



Op$mal	  Heat	  Flux	  Forcing	  
(imposed	  for	  5	  years)	  

Maximized	  AMOC	  Response	  
	  to	  Surface	  Heat	  Flux	  

maximize	  year	  18	  
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Is	  AMOC	  worth	  worrying	  about	  
for	  predic$on	  of	  T0-‐500?	  



3yr-‐running-‐mean	  (T0-‐500)	  explained	  by	  30	  AMOC	  PCs	  at	  lag0	  



N	  Atlan$c	  

10	  PCs	  



Reduc$on	  in	  T0-‐500	  Uncertainty	  from	  Ini$alizing	  AMOC	  

+T0-‐500	  



Reduc$on	  in	  T0-‐500	  Uncertainty	  from	  Ini$alizing	  AMOC	  
(RMSE)	  



What	  limits	  predictability	  and	  
predic$ons	  of	  AMOC?	  





Effect	  of	  temporal	  smoothing	  on	  predictability	  
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What	  variables	  affect	  uncertainty	  
	  of	  AMOC	  forecasts?	  

	  30	  AMOC,	  30	  T0-‐500,	  30	  T500-‐1000,	  30	  T1000-‐2000,	  30	  Salt0-‐500	  



Summary	  
	  
In	  climate	  models:	  
•  Subsurface	  North	  Atlan$c	  temperature	  has	  

ini$al	  value	  predictability	  of	  about	  a	  decade	  and	  
is	  highly	  dependent	  on	  region	  

•  AMOC	  predictability	  is	  somewhat	  less	  than	  
subsurface	  temperature	  

•  Leading	  paherns	  of	  subsurface	  temperature	  are	  
no	  more	  predictable	  than	  generic	  paherns	  

•  Leading	  	  paherns	  of	  AMOC	  may	  be	  predictable	  
for	  a	  few	  more	  years	  than	  generic	  paherns	  

	  



Issues	  

•  Should	  more	  emphasis	  be	  put	  on	  pentadal	  rather	  
than	  decadal	  predic$ons?	  

•  Are	  there	  events	  with	  unusually	  high	  
predictability?	  

•  How	  much	  can	  observa$ons	  of	  AMOC	  contribute	  
to	  predic$ve	  skill	  of	  near	  surface	  fields?	  

•  Which	  fields	  must	  be	  observed	  to	  predict	  AMOC?	  
•  Does	  ocean	  predictability	  lead	  to	  atmospheric	  

predictability	  over	  land?	  
•  Is	  there	  any	  hope	  for	  es$ma$ng	  nature’s	  

predictability?	  


