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•  We	  have	  considerably	  improved	  our	  
understanding	  of	  the	  coupled	  Pacific	  Ocean-‐
Atmosphere	  system	  since	  the	  1990s.	  
– ENSO,	  TAO	  and	  Stratus	  buoys,	  EPIC2001,	  PACS,	  
VOCALS2008	  

– Model	  errors	  reduced	  

•  Outstanding	  Pacific	  errors:	  
– Too	  liOle	  cloud	  fracDon	  
– Too	  liOle	  cooling	  by	  ocean	  
eddies	  and	  mixing	  
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Persistent errors in Atlantic Ocean: 
Annual mean SST along the equator 

CMIP3 CMIP5 

Richter and Xie (2008) 



Figure 3: Annual mean SST errors (K) in a 20-year simulation by an uncoupled OGCM (the MIT 
Ocean model) forced with surface fluxes from the NCEP Reanalysis. Note the big differences 
between the southeastern Atlantic and Pacific. (The runs were performed by C. R. Mechoso and 
T. Losada from the U. Complutense, Madrid, Spain.)

equatorward above cold oceans under the persistent decks of stratocumulus clouds. This 
anticyclone is an integral part of the Hadley-Walker circulation, which controls the 
surface flow that provides moisture to deep convection in the ITCZ (e.g., Mitchell and 
Wallace, 1992; Norris and Leovy, 1994). Richter and Mechoso (2004, 2006) show how 
orographic effects affect the annual cycle of stratocumulus decks in the eastern tropical 
oceans. Their simulations with the UCLA AGCM demonstrate that the South American 
and African orography contribute to enhance the stability of the lower troposphere for the
Peruvian and Namibian stratocumulus, respectively, and favor the formation of planetary 
boundary layer (PBL) clouds, by inducing 1) surface cooling by advection from higher 
latitudes, and 2) lower troposphere warming by subsidence off the Peruvian coast and 
advection from lower latitudes off the Namibian coast.
Turning now to the ocean, enhanced resolution is expected to improve representation of 
the mean circulation along the African coast, better capturing features such as the Angola 
Dome and the Angola-Benguela front with its very strong SST gradients. A 0.10 ocean 
resolution (approximately 10 km) has been shown in ocean only simulations to improve 
the mean state and variability relative to 20-50 km runs suggesting a regime change when 
reaching that resolution (Bryan et al., 2010).
Increasing the ocean resolution to eddy-permitting levels is required for addressing one of 
the fundamental problems in the upwelling regions: what processes maintain the low 
SSTs? In the southeastern Pacific, the local reduction in short-wave radiation at the ocean 
surface by low-level clouds may be about 100 W/m2 (Cronin et al., 2006). Nevertheless, a 
net heat flux under the cloud decks is of about 40 W/m2 positive into the ocean (de 
Szoeke et al., 2010).  The needed cooling must be provided by the internal mechanisms 
of the ocean: regional circulation, boundary layer dynamics, and mesoscale/submesoscale 
lateral/vertical eddy fluxes From ship-based, XBT-line, and IMET data gathered in the 
southeastern tropical Pacific (20°S, 85°W) over a period of several years, Colbo and 
Weller (2007) have shown that heat advection by time-mean oceanic temperatures and 
currents is insufficient by about 20-30 W/m2 to balance the heat gain. This leaves two 
processes as candidates for closing the heat budget of the oceanic water column down to 

SST errors (K) in a 50-year simulation by the MIT Ocean model 
forced with surface fluxes from the NCEP Reanalysis. Note the big 
differences between the southeastern Atlantic and Pacific. Despite 
the “perfect forcing” of the ocean, biases are different in the 
Atlantic and Pacific. OGCM resolution is 1degx1/3deg in tropics. 
	  
	  
(The	  OGCM	  runs	  were	  performed	  by	  C.	  R.	  Mechoso	  and	  T.	  Losada	  from	  the	  U.	  
Complutense,	  Madrid,	  Spain.)	  	  
	  

Annual mean SST errors by an uncoupled OGCM  



July mean Scu fraction (%): UCLA AGCM  

July mean warm cloud fraction (%): MODIS 

Successful 
simulation in 
SEP; almost 
no Scu in SEA. 
SEP and SEA 
are different! 

C.	  R.	  Mechoso	  

!	  



Angola stratiform cloud reduces 
July mean rainfall biases (mm/day) 

Control	   Control	  -‐	  Experiment	  

Artificially enhancing Sc in the Brown Square results in 
significantly decreased rainfall south of 5oN: Sc also matter in 
the southeastern Atlantic albeit their impact is weaker than in 

the southeastern Pacific 
Mechoso	  and	  Xiao	  (UCLA)	  
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Short	  history	  
VOCALS	  project	  in	  the	  Eastern	  Tropical	  Pacific	  idenDfies	  
ocean	  eddy-‐mixing	  as	  a	  leading	  hypothesis	  for	  closing	  the	  
upper-‐ocean	  heat	  budget.	  Specific	  processes	  remain	  
difficult	  to	  quanDfy	  in	  observaDons	  and	  models.	  
	  
Atlan6c	  Tropical	  Biases	  Workshop	  (Miami	  spring	  2011)	  
idenDfied	  mulDple	  potenDal	  hypotheses	  reflecDng	  coupled	  
processes	  among	  ocean,	  land,	  and	  atmosphere.	  
	  
At	  suggesDon	  of	  US	  CLIVAR	  SSC,	  2	  proposed	  WGs	  combined	  
into	  a	  single	  Eastern	  Tropical	  Oceans	  Synthesis	  (ETOS)	  WG.	  
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Proposed	  Goals	  
a.  Organize	  datasets	  

WG	  website	  with	  value	  added	  products/culDvated	  plots	  
	  

b.  Coordinate	  model	  performance	  assessments	  
–  Do	  CMIP5	  model/observaDon	  comparisons	  behave	  similarly	  

and	  change	  similarly	  from	  CMIP3	  to	  CMIP5?	  
–  Are	  model	  improvements	  in	  the	  Pacific	  correlated	  to	  those	  in	  

the	  AtlanDc?	  
–  What	  observaDons/model	  metrics	  are	  most	  useful?	  e.g.	  

PIRATA	  line,	  Klein/Hartmann	  box	  averages,	  Ascension	  Island.	  

c.  What	  further	  observaDons/model	  experiments	  are	  
needed?	  



Ongoing	  AcDviDes	  

•  teleconferences	  
•  dedicated	  websites:	  

– Google	  site	  (members	  contribute	  content)	  
– US	  CLIVAR	  web	  site	  (public,	  moderated)	  
hOp://www.usclivar.org/working-‐groups/etos	  

•  publicaDons	  list	  
– user-‐contributed,	  subdivided	  by	  basin	  

•  develop	  metrics	  



Regional	  Climate	  in	  the	  Eastern	  
Tropical	  Oceans:	  What	  Processes	  
Determine	  Sea	  Surface	  Temperature?	  
Coupled	  climate	  models	  show	  persistent	  SST	  biases	  in	  the	  
eastern	  tropical	  oceans	  even	  as	  the	  models	  improve	  in	  
other	  respects.	  This	  session	  solicits	  presentaJons	  on	  the	  
processes—atmospheric,	  oceanic,	  and	  those	  influenced	  
by	  land—that	  ulJmately	  affect	  the	  sea	  surface	  
temperature	  distribuJon.	  This	  encompasses	  both	  local	  
(e.g.,	  oceanic	  upwelling,	  low-‐laJtude	  stratocumulus	  
clouds)	  and	  remote	  (e.g.,	  monsoons)	  influences;	  
modeling	  analysis	  and	  observaJonal	  studies	  of	  equal	  
interest.	  
	  
abstracts	  due	  August	  8	  
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ETOS	  web	  site	  user-‐contributed	  analysis	  
documents	  CMIP5	  SST	  errors	  

B.	  Medieros	  
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User-‐contributed	  publicaDons	  list	  started	  



Discussion	  
•  What	  lessons	  learned	  in	  the	  Pacific	  can	  be	  
applied	  to	  AtlanDc	  model	  errors?	  

•  Are	  CMIP5	  errors	  similar	  to	  CMIP3?	  
–  Yes,	  mostly.	  
–  Improvement	  from	  modeling	  centers	  that	  prioriDzed	  
reducing	  eastern	  ocean	  errors	  (e.g.	  NCAR)	  

•  Are	  AtlanDc	  errors	  similar	  to	  Pacific?	  
•  What	  metrics/observaDons	  are	  most	  useful?	  

–  PIRATA	  moorings	  
–  Klein	  &	  Hartmann	  (1993)	  regional	  averages	  
– MODIS	  decade	  (2002-‐2012)	  



Products	  
•  Gather	  relevant	  publicaDons	  
•  Catalog	  best-‐pracDces	  and	  unanswered	  quesDons	  
•  Collect	  and	  generate	  hypotheses	  for	  AtlanDc	  
model	  errors	  and	  processes	  

•  Define	  metrics	  for	  model	  evaluaDon	  
•  Provide	  guidance	  for	  proposing	  highest-‐value	  
new	  measurements	  

•  Spark	  relevant	  science	  acDvity	  
– Organizing	  AGU	  2012	  session	  &	  WG	  meeDng	  

•  Compile	  contribuDons	  on	  web	  site	  
•  Publish	  condensed	  review	  arDcle	  
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