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on the following criteria: Relevance to ECMWF’s objectives, scientific and technical quality, disciplinary relevance, 
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Requests asking for 1,000,000 SBUs or more should be more detailed (3-5 pages). Large requests asking for 
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In	
  recent	
  years,	
  studies	
  on	
  teleconnections	
  and	
  tropical-­‐extratropical	
  interactions	
  have	
  discussed	
  the	
  
importance	
  of	
  the	
  relationship	
  between	
  heating	
  anomalies	
  occurring	
  in	
  different	
  parts	
  of	
  the	
  tropical	
  
oceans.	
  The	
  impact	
  of	
  both	
  Pacific-­‐Atlantic	
  and	
  Pacific-­‐Indian	
  ocean	
  connections	
  have	
  been	
  explored	
  in	
  
numerous	
  studies,	
  with	
  focus	
  on	
  either	
  the	
  mechanisms	
  linking	
  anomalies	
  in	
  different	
  basins	
  (e.g.	
  Cai	
  et	
  al.,	
  
2019,	
  Kucharski	
  et	
  al	
  2016;	
  Bracco	
  et	
  al.	
  2005),	
  or	
  on	
  the	
  effect	
  of	
  teleconnections	
  with	
  tropical	
  continents	
  
(Kucharski	
  et	
  al.	
  2007)	
  and	
  the	
  extratropical	
  circulation	
  (Molteni	
  et	
  al.	
  2015).	
  
While	
  the	
  “classical”	
  response	
  to	
  ENSO	
  anomalies	
  from	
  the	
  central-­‐eastern	
  Pacific	
  can	
  be	
  treated	
  as	
  a	
  
forced	
  atmospheric	
  response	
  to	
  boundary	
  forcing,	
  teleconnections	
  from	
  the	
  Atlantic	
  and	
  especially	
  from	
  
the	
  Indian	
  ocean	
  are	
  substantially	
  affected	
  by	
  atmospheric	
  feedbacks	
  on	
  the	
  upper-­‐ocean	
  temperature	
  
caused	
  by	
  variations	
  in	
  radiative	
  and	
  latent	
  heat	
  fluxes.	
  This	
  implies	
  that	
  coupled	
  model	
  are	
  expected	
  to	
  
provide	
  better	
  results	
  than	
  atmosphere-­‐land-­‐only	
  models	
  in	
  reproducing	
  such	
  teleconnections	
  (eg	
  Wang	
  et	
  
al.	
  2005).	
  However,	
  the	
  relationship	
  between	
  variations	
  in	
  surface	
  heat	
  fluxes	
  and	
  the	
  resulting	
  SST	
  
anomalies	
  depends	
  crucially	
  on	
  the	
  properties	
  of	
  the	
  ocean	
  mixed	
  layer;	
  model	
  biases	
  in	
  mixed-­‐layer	
  depth	
  
or	
  the	
  intensity	
  of	
  upper-­‐ocean	
  mixing	
  can	
  affect	
  the	
  strength	
  of	
  the	
  atmospheric	
  feedbacks	
  and	
  modify	
  the	
  
intensity	
  and/or	
  propagation	
  of	
  organised	
  tropical	
  convection.	
  
State-­‐of-­‐the-­‐art	
  ocean	
  models	
  have	
  multiple	
  levels	
  in	
  the	
  ocean	
  mixed	
  layer,	
  and	
  include	
  sophisticated	
  
parametrization	
  for	
  vertical	
  mixing.	
  Still,	
  such	
  a	
  complexity	
  does	
  not	
  necessarily	
  guarantee	
  an	
  improvement	
  
in	
  the	
  simulation	
  of	
  teleconnections	
  with	
  respect	
  to	
  simulations	
  with	
  prescribed	
  SST	
  (see	
  the	
  results	
  for	
  
Indian	
  Ocean	
  teleconnections	
  in	
  the	
  ECMWF	
  new	
  seasonal	
  forecast	
  system	
  SEAS5,	
  discussed	
  in	
  Johnson	
  et	
  
al.	
  2018	
  and	
  Stockdale	
  et	
  al.	
  2018).	
  	
  	
  	
  
The	
  goal	
  of	
  this	
  project	
  is	
  to	
  develop	
  a	
  simplified	
  model	
  of	
  the	
  upper	
  ocean	
  where	
  mixed	
  layer	
  depth	
  is	
  
prescribed	
  and	
  the	
  vertical	
  mixing	
  is	
  controlled	
  by	
  a	
  small	
  number	
  of	
  parameters.	
  This	
  model	
  will	
  be	
  
suitable	
  for	
  coupling	
  with	
  atmospheric	
  models	
  of	
  both	
  intermediate	
  and	
  state-­‐of-­‐the-­‐art	
  complexity:	
  in	
  
particularly,	
  we	
  plan	
  to	
  first	
  couple	
  it	
  to	
  the	
  ICTP	
  intermediate-­‐complexity	
  AGCM	
  (SPEEDY:	
  see	
  Molteni	
  
2003;	
  Kucharski	
  et	
  al.	
  2006,	
  2013)	
  and	
  then	
  to	
  the	
  latest	
  version	
  of	
  OpenIFS	
  (Carver	
  2017).	
  	
  
Since	
  teleconnections	
  from	
  the	
  tropical	
  oceans	
  act	
  on	
  scales	
  spanning	
  from	
  the	
  subseasonal	
  to	
  the	
  decadal,	
  
the	
  model	
  includes	
  three	
  layers	
  of	
  increasing	
  depth,	
  whose	
  heat	
  content	
  typically	
  varies	
  on	
  sub-­‐seasonal,	
  
seasonal	
  and	
  multi-­‐year	
  time	
  scales.	
  	
  The	
  model	
  only	
  represents	
  interactively	
  variations	
  due	
  to	
  
thermodynamic	
  processes	
  (namely,	
  convergence	
  of	
  vertical	
  heat	
  fluxes),	
  while	
  the	
  effects	
  of	
  horizontal	
  
heat	
  transport	
  are	
  simulated	
  by	
  a	
  climatological,	
  seasonally	
  varying	
  heat	
  flux	
  source	
  (the	
  so-­‐called	
  Q-­‐flux	
  
term).	
  This	
  source	
  term	
  can	
  also	
  be	
  modified	
  in	
  order	
  to	
  relax	
  the	
  model	
  temperature	
  towards	
  prescribed	
  
regional	
  anomalies,	
  as	
  in	
  “pacemaker”	
  experiments.	
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The	
  model	
  will	
  be	
  referred	
  to	
  as	
  TOM3	
  (for	
  Thermodynamic	
  Ocean	
  Model,	
  3	
  layers).	
  The	
  typical	
  depth	
  of	
  
the	
  three	
  layers	
  is	
  10m,	
  50m,	
  and	
  240m	
  respectively.	
  The	
  depth	
  of	
  the	
  second	
  layer	
  can	
  be	
  specified	
  as	
  a	
  
function	
  of	
  the	
  annual-­‐mean	
  surface	
  wind	
  speed,	
  and	
  the	
  total	
  model	
  depth	
  can	
  range	
  between	
  150m	
  and	
  
300m	
  depending	
  on	
  the	
  actual	
  ocean	
  depth.	
  The	
  300m	
  maximum	
  depth	
  has	
  been	
  chosen	
  to	
  be	
  able	
  to	
  
compare	
  the	
  total-­‐column	
  heat	
  content	
  of	
  the	
  model	
  with	
  the	
  300m	
  heat	
  content	
  from	
  ECMWF	
  ocean	
  re-­‐
analyses.	
  Heat	
  fluxes	
  between	
  the	
  ocean	
  layers	
  are	
  assumed	
  as	
  proportional	
  to	
  the	
  vertical	
  temperature	
  
gradient,	
  with	
  coefficients	
  depending	
  on	
  the	
  sign	
  of	
  the	
  gradient	
  itself	
  and	
  the	
  surface	
  wind	
  speed.	
  The	
  
inclusion	
  of	
  a	
  thermodynamic	
  sea-­‐ice	
  component	
  is	
  also	
  being	
  considered.	
  
At	
  the	
  moment,	
  the	
  TOM3	
  model	
  has	
  been	
  tested	
  in	
  forced	
  mode	
  using	
  downward	
  energy	
  fluxes	
  and	
  
atmospheric	
  variables	
  from	
  ERA-­‐Interim.	
  In	
  this	
  setting,	
  the	
  Q-­‐flux	
  term	
  has	
  been	
  computed	
  and	
  the	
  forced	
  
model	
  has	
  successfully	
  reproduced	
  monthly-­‐mean	
  temperature	
  tendencies	
  as	
  diagnosed	
  from	
  the	
  World	
  
Ocean	
  Atlas	
  09	
  dataset	
  (see	
  Fig.	
  1).	
  
The	
  proposed	
  Special	
  Project	
  is	
  planned	
  in	
  two	
  phases.	
  The	
  first	
  phase,	
  which	
  is	
  expected	
  to	
  last	
  one	
  year	
  
and	
  is	
  covered	
  by	
  the	
  2020	
  proposal,	
  will	
  include:	
  
a)	
  re-­‐tuning	
  and	
  testing	
  the	
  model	
  in	
  forced	
  model	
  with	
  energy	
  fluxes	
  and	
  PBL	
  variables	
  from	
  ERA5;	
  
b)	
  testing	
  the	
  model	
  in	
  coupled	
  mode	
  with	
  the	
  SPEEDY	
  AGCM	
  and	
  perform	
  multi-­‐decadal	
  historical	
  runs	
  in	
  
both	
  free	
  and	
  pacemaker	
  mode;	
  
c)	
  coupling	
  TOM3	
  to	
  OpenIFS	
  and	
  test	
  the	
  coupled	
  system	
  on	
  seasonal	
  to	
  multi-­‐year	
  (~5yr)	
  scale.	
  
At	
  the	
  end	
  of	
  this	
  first	
  phase,	
  it	
  is	
  expected	
  to	
  have	
  an	
  ‘optimal’	
  set	
  of	
  model	
  parameters	
  which	
  provide	
  a	
  
suitably	
  realistic	
  representation	
  of	
  thermodynamically	
  driven	
  ocean	
  variability.	
  
	
  

	
  
Fig.	
  1:	
  Scatter	
  diagram	
  of	
  climatological	
  30-­‐day	
  tendencies	
  of	
  sub-­‐surface	
  ocean	
  temperature	
  in	
  January,	
  at	
  
the	
  3	
  levels	
  of	
  the	
  TOM3	
  model:	
  WOA09	
  data	
  on	
  x-­‐axis,	
  TOM3	
  data	
  on	
  y-­‐axis.	
  The	
  model	
  data	
  are	
  derived	
  
from	
  a	
  one-­‐year	
  run	
  forced	
  by	
  ERA-­‐interim	
  fluxes	
  and	
  atmospheric	
  variables.	
  
	
  
In	
  the	
  second	
  phase	
  of	
  the	
  project,	
  to	
  be	
  covered	
  by	
  a	
  follow-­‐up	
  Special	
  Project	
  request	
  for	
  2021-­‐2022,	
  the	
  
OpenIFS-­‐TOM3	
  coupled	
  system	
  will	
  be	
  used	
  to	
  investigate	
  a	
  selected	
  number	
  of	
  scientific	
  issues,	
  exploring	
  
the	
  sensitivity	
  of	
  coupled	
  phenomena	
  to	
  upper-­‐ocean	
  properties,	
  as	
  controlled	
  by	
  the	
  model	
  parameters.	
  
Among	
  the	
  phenomena	
  to	
  be	
  investigated,	
  we	
  foresee	
  the	
  following:	
  

• MJO	
  intensity	
  and	
  propagation;	
  
• teleconnections	
  from	
  Indian	
  Ocean	
  rainfall	
  to	
  the	
  North	
  Atlantic	
  circulation	
  on	
  seasonal	
  to	
  decadal	
  

scale;	
  	
  
• connection	
  between	
  tropical	
  Atlantic	
  and	
  Pacific	
  SST	
  variability.	
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The	
  exact	
  priority	
  for	
  these	
  investigations	
  will	
  be	
  set	
  at	
  the	
  end	
  of	
  the	
  first	
  phase,	
  based	
  on	
  the	
  fidelity	
  of	
  
the	
  simulated	
  ocean	
  variability	
  at	
  different	
  time	
  scales	
  and	
  different	
  ocean	
  domains	
  as	
  diagnosed	
  from	
  
phase-­‐1	
  experiments.	
  
Both	
  phases	
  of	
  the	
  project	
  with	
  be	
  performed	
  in	
  collaboration	
  with	
  Franco	
  Molteni	
  (currently	
  scientific	
  
consultant	
  of	
  ECMWF	
  and	
  Staff	
  Associate	
  of	
  ICTP)	
  and	
  the	
  OpenIFS	
  team	
  at	
  ECMWF.	
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