
Where	
  can	
  the	
  ocean	
  be	
  a	
  rain	
  gauge?	
  

1	
  



What	
  is	
  the	
  ocean	
  rain-­‐gauge	
  concept?	
  
	
  

§  The	
  water	
  cycle	
  leaves	
  an	
  imprint	
  on	
  ocean	
  salinity	
  through	
  evaporation	
  and	
  
precipitation.	
  

§  	
  Can	
  ocean	
  salinity	
  help	
  to	
  detect	
  the	
  change	
  in	
  the	
  water	
  cycle	
  and	
  reduce	
  
the	
  uncertainties	
  in	
  E-­‐P?	
  

E−P (OAFlux − TRMM)
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Do	
  we	
  need	
  the	
  ocean	
  as	
  a	
  rain	
  gauge?	
  
-­‐	
  Uncertainties	
  in	
  E-­‐P	
  estimates	
  are	
  large	
  

Major	
  uncertainties	
  of	
  
the	
  E-­‐P	
  mean	
  pattern	
  
reside	
  in	
  the	
  ITCZ	
  
region.	
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Uncertainties	
  in	
  the	
  estimates	
  of	
  E-­‐P	
  
variability	
  are	
  also	
  large.	
  	
  

Major	
  uncertainties	
  in	
  the	
  pattern	
  of	
  the	
  E-­‐P	
  
variability	
  reside	
  also	
  in	
  the	
  ITCZ	
  region.	
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 Magnitude     Aquarius SSS Gradients
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Can	
  the	
  ocean	
  salinity	
  detect	
  the	
  ITCZ	
  rain	
  variability?	
  
The	
  tropical	
  rain	
  region	
  receives	
  more	
  than	
  450	
  cm	
  of	
  precipitation	
  on	
  the	
  annual	
  
mean	
  basis.	
  Where	
  are	
  the	
  ITCZ-­‐induced	
  low-­‐salinity	
  waters	
  distributed	
  ?	
  

Salinity	
  front	
  is	
  the	
  location	
  where	
  water	
  
masses	
  with	
  two	
  different	
  salinities	
  converge.	
  	
  

The	
  ITCZ	
  precipitation	
  has	
  a	
  strong	
  imprint	
  on	
  the	
  tropical	
  ocean:	
  	
  
The	
  surface-­‐salinity	
  front	
  



The	
  salinity	
  front	
  	
  	
  	
  vs.	
  	
  the	
  location	
  of	
  Smin	
  

	
  Smin	
  is	
  located	
  on	
  the	
  poleward	
  edge	
  of	
  the	
  SSS	
  front.	
  
	
  Although	
  the	
  magnitude	
  is	
  weaker,	
  Argo	
  has	
  a	
  smiliar	
  depiction	
  as	
  Aquarius.	
  

Y(Smin)	
  Aquarius	
  

	
  Y(Smin)	
  Argo	
  

(a) Aquarius SSS gradients (2012−2013)
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(b) Argo Smld gradients   (2004−2013)
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Aquarius	
  and	
  Argo:	
  	
  	
  3-­‐D	
  view	
  of	
  the	
  SSS	
  front	
  
Aquarius SSS gradients (2012−2013)
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Seasonal	
  relationship	
  between	
  Smin	
  and	
  Pmax	
  	
  

The	
  ITCZ	
  rain	
  migrates	
  poleward	
  in	
  the	
  summer	
  and	
  equatorward	
  in	
  the	
  summer,	
  	
  
The	
  low-­‐salinity	
  zone	
  moves,	
  but	
  the	
  movement	
  does	
  NOT	
  follow	
  the	
  ITCZ.	
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Tracking	
  the	
  seasonal	
  
movement	
  of	
  Smin	
  &	
  
the	
  SSS	
  front	
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The	
  seasonal	
  movement	
  of	
  Smin	
  and	
  	
  Pmax	
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Smin	
  shifts	
  poleward	
  once	
  generated	
  near	
  the	
  equator,	
  	
  
unlike	
  Pmax	
  that	
  migrates	
  north-­‐	
  and	
  southward	
  with	
  season.	
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(f) Pmax, Seasonal Displacement
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(d) Pmax, Seasonal Displacement
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The	
  ocean	
  counterpart	
  of	
  the	
  ITCZ:	
  poleward	
  propagation	
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Can	
  Argo	
  capture	
  the	
  two	
  low-­‐salinity	
  
zones	
  in	
  the	
  subsurface?	
  Yes.	
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What	
  causes	
  the	
  poelward	
  shift	
  of	
  the	
  low-­‐salinity	
  zones?	
  
	
  -­‐	
  the	
  Ekman	
  salt	
  transport	
  

Salt	
  budget	
  equation:	
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Ekman	
  transport	
  	
  	
  	
  (background:	
  SSS	
  gradient)	
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Wind-­‐driven	
  currents:	
  



Zonal	
  averages	
  of	
  the	
  Ekman	
  salt	
  transport	
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Ekman	
  salt	
  transport	
  	
  versus	
  	
  Freshwater	
  flux	
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Smin	
  is	
  located	
  on	
  the	
  poleward	
  edge	
  of	
  the	
  Ekman	
  convergence	
  
zone.	
  The	
  low-­‐salinity	
  zone	
  is	
  a	
  low-­‐salinity	
  convergence	
  zone.	
  



Ekman	
  Dynamics	
  dictate	
  the	
  relationship	
  between	
  
ocean	
  low-­‐salinity	
  and	
  the	
  ITCZ	
  rain	
  

The	
  fresher	
  water	
  formed	
  under	
  the	
  ITCZ	
  rainfall	
  is	
  carried	
  away	
  by	
  Ekman	
  
transport	
  and	
  converged	
  into	
  subsurface	
  along	
  the	
  Ekman	
  convergence	
  zone.	
  	
  



Establishing	
  a	
  SSS	
  window	
  to	
  the	
  tropical	
  water	
  cycle	
  

Smin vs Pmax         AUG−OCT
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The	
  low-­‐salinity	
  zone	
  carries	
  the	
  information	
  of	
  the	
  ITCZ	
  rain,	
  but	
  the	
  zone	
  moves.	
  
	
  	
  
Approaches	
  for	
  linking	
  SSS	
  to	
  the	
  ITCZ	
  freshwater	
  input:	
  
(i)	
  Follow	
  the	
  zone.	
  (ii)	
  Fix	
  the	
  test	
  locations.	
  



Summary	
  and	
  conclusion	
  (1)	
  
§  The	
  raindrops	
  on	
  the	
  ocean	
  surface	
  do	
  not	
  stay	
  locally.	
  This	
  

study	
  focuses	
  on	
  the	
  basin-­‐wide	
  adjustment	
  of	
  the	
  low-­‐
salinity	
  waters	
  on	
  seasonal	
  timescales.	
  	
  	
  

	
  

§  The	
  prominent	
  tropical	
  SSS	
  fronts	
  observed	
  by	
  Aquarius	
  and	
  
Argo	
  observations	
  are	
  the	
  surface	
  manifestation	
  of	
  the	
  low-­‐
salinity	
  convergence	
  zone.	
  	
  

§  The	
  low-­‐salinity	
  zone	
  is	
  sourced	
  from	
  the	
  ITCZ	
  rain,	
  but	
  its	
  
formation	
  and	
  movement	
  are	
  controlled	
  by	
  the	
  Ekman	
  
dynamics.	
  	
  Once	
  the	
  fresher	
  surface	
  waters	
  are	
  formed	
  
under	
  the	
  ITCZ	
  rainfall	
  at	
  near-­‐equatorial	
  latitudes,	
  they	
  
carried	
  away	
  by	
  Ekman	
  transport	
  and	
  converged	
  into	
  
subsurface	
  along	
  the	
  Ekman	
  convergence	
  zone.	
  	
  

§  The	
  oceanic	
  convergence	
  zones	
  differ	
  from	
  the	
  atmospheric	
  
convergence	
  zones	
  in	
  that	
  the	
  former	
  shifts	
  poleward	
  
monotonically,	
  while	
  the	
  latter	
  migrates	
  north-­‐	
  and	
  
southward	
  with	
  the	
  season.	
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(a) Aquarius SSS gradients (2012−2013)
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Summary	
  and	
  conclusion	
  (2)	
  
§  The	
  important	
  finding	
  of	
  the	
  study	
  is	
  that	
  Ekman	
  dynamics	
  dictates	
  the	
  

relationship	
  between	
  ocean	
  salinity	
  and	
  the	
  tropical	
  water	
  cycle.	
  The	
  
implementation	
  of	
  the	
  ocean	
  rain	
  gauge	
  requires	
  a	
  good	
  understanding	
  of	
  the	
  
role	
  of	
  ocean	
  dynamic	
  processes.	
  

§  Work	
  is	
  underway	
  to	
  design	
  a	
  SSS	
  window	
  to	
  link	
  to	
  the	
  ITCZ	
  freshwater	
  
variability	
  by	
  best	
  using	
  the	
  given	
  dynamic	
  framework.	
  



Materials	
  in	
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The	
  following	
  datasets	
  are	
  used	
  in	
  the	
  study:	
  
-­‐  Aquarius	
  CAP	
  Level	
  3,	
  	
  v3.0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (S.	
  Yueh)	
  

-­‐  Argo	
  subsurface	
  from	
  JAMSTEC	
  	
  	
  (Hosoda	
  et	
  al.	
  2008)	
  

-­‐  TRMM	
  Precipitation	
  	
  	
  	
  (Hoffman	
  et	
  al.	
  2007)	
  

-­‐  OAFlux	
  evaporation	
  	
  	
  (Yu	
  et	
  al.	
  2008)	
  	
  

-­‐  OAFlux	
  vector	
  winds	
  	
  (Yu	
  and	
  Jin	
  2014	
  a&b)	
  


