
The	
  Mediterranean	
  as	
  a	
  test	
  case	
  for	
  Heat	
  budget	
  closure	
  

Med	
  Heat	
  content	
  determined	
  by	
  surface	
  HF	
  and	
  Gibraltar	
  HF	
  	
  
(+	
  other	
  very	
  minor	
  contribu1ons)	
  

SATELLITES:	
  Complex	
  coastline	
  but	
  cloud	
  free	
  

IN	
  SITU:	
  ARGO	
  +	
  many	
  naGonal	
  programs	
  and	
  coastal	
  observatories	
  

GIBRALTAR:	
  RouGnely	
  observed	
  by	
  University	
  of	
  Malaga	
  

MODELS:	
  Several	
  inniGaGves	
  already	
  running	
  (Mercator,	
  My	
  Ocean,	
  Hymex,	
  Med	
  
Cordex).	
  Forced	
  and	
  coupled	
  ocean	
  model	
  with	
  and	
  without	
  data	
  assimila1on	
  



Accuracy	
  of	
  different	
  esGmates	
  

Sánchez-Gómez et al., Clim Dyn 2011 

Surface	
  Heat	
  flux	
  from	
  Atmospheric	
  Models	
  

Ocean	
  models	
  

W/m2 Mean STD 
ORCA -3.83 3.34 
OM8 -3.37 3.86 

MITgcm -2.70 4.77 

Large	
  discrepancies	
  in	
  the	
  fluxes	
  from	
  atmospheric	
  models	
  alone	
  but	
  ….	
  

Coupled	
  models	
  are	
  promising	
  	
  



EsGmated	
  net	
  Heat	
  Flux	
  (yearly	
  data)	
  
RMSE (W/

m2) 
Correlation 

ARGO 4.11 0.81 
CTD 5.70 0.64 

MOORING 5.23 0.82 
Statistics from yearly time series 

Accuracy	
  of	
  different	
  esGmates	
  
Med	
  Heat	
  Content	
  as	
  esGmated	
  from	
  different	
  observaGonal	
  networks	
  

Using	
  a	
  “virtual”	
  reality	
  from	
  a	
  numerical	
  model	
  –	
  NEMOMED8	
  

With	
  typical	
  observaGonal	
  systems	
  
we	
  could	
  reach	
  5-­‐6	
  W/m2	
  	
  of	
  
uncertainty	
  for	
  yearly	
  esGmates	
  

Llasses et al., 2013 



Accuracy	
  of	
  different	
  esGmates	
  

Gibraltar	
  HF	
  uncertainty	
  ~	
  1-­‐3	
  W/m2	
  

We	
  could	
  get	
  yearly	
  indirect	
  esGmates	
  of	
  surface	
  heat	
  fluxes	
  
with	
  an	
  uncertainty	
  of	
  5-­‐7	
  W/m2	
  



Indirect	
  esGmate	
  of	
  Mediterranean	
  Heat	
  Content	
  using	
  sea	
  level	
  

Total	
  sea	
  level	
  (alGmetry)	
  –	
  Mass	
  (Grace)	
  =	
  Steric	
  sea	
  level	
  

Steric	
  sea	
  level	
  gives	
  a	
  measure	
  of	
  changes	
  in	
  the	
  density	
  field,	
  
thus	
  in	
  the	
  temperature	
  field	
  

However,	
  in	
  the	
  Mediterranean	
  the	
  salinity	
  contribuGon	
  to	
  the	
  
density	
  variaGons	
  is	
  very	
  important.	
  Unfortunately	
  salinity	
  is	
  

poorly	
  sampled	
  

Halosteric time series from 
four hydrographic datasets 

Jordà and Gomis, 2013 


