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Quality controlled ARGO profiles per 4° (zonal) x 2° (meridional) bins
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Pressure level: 1150db                                                                                                        Regression coefficient SSHa  ’ (kg/m3)/cm
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Pressure level: 1150db                                                                                                        Regression coefficient SSHa  S’ (PSU)/cm
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Pressure level: 1150db                                                                                                        Regression coefficient SSHa  T’ (° C)/cm
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The	
  poten)al	
  density	
  (σθ)	
  variance	
  explained	
  by	
  the	
  al)meter	
  at	
  1150	
  db	
  
(pressure	
   of	
   maximum	
   correla)on,	
   figure	
   3)	
   is	
   shown	
   in	
   figure	
   4.	
   The	
  
average	
  R2	
  on	
  the	
  ACC	
  is	
  0.6.	
  Maximum	
  correla)ons	
  are	
  generally	
  found	
  
on	
  the	
  Atlan)c	
  and	
  Indian	
  side	
  of	
  the	
  Southern	
  Ocean	
  and	
  north	
  of	
  the	
  
Subantar)c	
  	
  front	
  	
  (white	
  	
  solid	
  	
  	
  line).	
  	
  Figures	
  	
  5,	
  	
  	
  	
  6	
  	
  	
  and	
  	
  	
  7	
  	
  	
  show	
  	
  	
  the	
  

Figure	
  4:	
  R2	
  between	
  SSH	
  and	
  σθ	
  anomalies	
  at	
  
1150db.	
  

Figure	
  7:	
  Regression	
  coefficient	
  between	
  SSH	
  
and	
  σθ	
  anomalies	
  at	
  1150db.	
  

Figure	
  5:	
  Regression	
  coefficient	
  between	
  SSH	
  
and	
  S	
  anomalies	
  at	
  1150db.	
  

Figure	
  6:	
  Regression	
  coefficient	
  between	
  SSH	
  
and	
  T	
  anomalies	
  at	
  1150db.	
  

The	
  aim	
  of	
  this	
  work	
  is	
  to	
  es)mate	
  the	
  mean	
  upper	
  ocean	
  circula)on	
  
and	
  density	
  field	
  of	
   the	
   Southern	
  Ocean	
  by	
   combining	
   in	
   situ	
  Argo	
  
float	
   measurements	
   and	
   al)meter	
   data.	
   Iden)fying	
   and	
  
understanding	
   changes	
   in	
   the	
   mean	
   proper)es	
   of	
   the	
   Antarc)c	
  
Circumpolar	
  Current	
  (ACC)	
  during	
  the	
   last	
  decade	
  would	
  contribute	
  
to	
   the	
   understanding	
   of	
   the	
   Southern	
   Ocean’s	
   role	
   in	
   global	
  
warming.	
   Eddy	
   variability	
   in	
   the	
   density	
   (ρ),	
   temperature	
   (T)	
   and	
  
salinity	
  (S)	
  fields	
  is	
  es)mated	
  using	
  sea	
  surface	
  height	
  (SSH)	
  anomaly	
  
maps	
   and	
   linear	
   regression	
   coefficients	
   (α)	
   of	
   SSH	
   as	
   a	
   func)on	
  of	
  
posi)on	
  and	
  depth.	
  Due	
  to	
  the	
  equivalent	
  barotropic	
  nature	
  of	
  the	
  
ACC,	
   	
  high	
  correla)on	
  values	
  between	
  the	
  al)meter	
  signal	
  and	
   the	
  
Argo	
  profiles	
  are	
  obtained	
  for	
  pressure	
  levels	
  down	
  to	
  2000	
  db.	
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Since	
  the	
   incep)on	
  of	
  the	
  Argo	
  program	
  in	
  the	
  year	
  2000,	
  a	
  steady	
  
increase	
   in	
   the	
   number	
   of	
   T	
   and	
   S	
   profiles	
   has	
   allowed	
   a	
   be\er	
  
descrip)on	
   of	
   the	
   mean	
   proper)es	
   of	
   the	
   Southern	
   Ocean.	
   As	
   of	
  
today,	
   the	
  Argo	
  float	
  array	
   is	
   large	
  enough	
   (Figure	
  1)	
   to	
  accurately	
  
map	
   the	
   mean	
   and	
   eddy	
   fields	
   during	
   the	
   last	
   decade.	
   Previous	
  
studies	
   have	
   shown	
   that	
   SSH	
   is	
   correlated	
   with	
   the	
   upper	
   ocean	
  
density	
  anomalies	
  (Gilson	
  et	
  al.,	
  1998;	
  Willis	
  et	
  al.,	
  2004;	
  Willis	
  and	
  
Fu,	
  2008).	
  In	
  this	
  work,	
  the	
  same	
  technique	
  is	
  applied	
  to	
  the	
  ρ,	
  T	
  and	
  
S	
  anomalies	
  of	
  the	
  Southern	
  Ocean.	
  

Figure	
  1:	
  Argo	
  profiles	
  per	
  4°	
  x	
  2°	
  bins.	
  

longitude	
  by	
  2°	
  la)tude	
  bins	
  for	
  each	
  ver)cal	
  level	
  from	
  the	
  surface	
  
to	
  2000	
  db	
  (Figure	
  2).	
  The	
  es)mate	
  of	
  the	
  )me-­‐average	
  fields	
  is	
  then	
  
computed	
  as:	
  

To	
   remove	
   the	
   eddy	
   variability	
  
in	
  the	
  ρ,	
  T	
  and	
  S	
  fields	
  using	
  the	
  
SSH	
   anomaly	
   s igna l ,	
   the	
  
spa)ally	
   varying	
  mean	
  over	
   the	
  
period	
  of	
  interest	
  (January	
  2001	
  
through	
  December	
  2010)	
  is	
  first	
  
removed	
   from	
   each	
   variable.	
  
Anomalies	
  for	
  each	
  Argo	
  profile	
  
are	
   es)mated	
   by	
   removing	
   the	
  
local	
  mean	
  defined	
  by	
  averaging	
  
all	
  observa)ons	
  within	
  a	
  200	
  km	
  
r a d i u s	
   o f	
   e a c h	
   p r o fi l e .	
  
Regression	
  coefficients	
  α(x,	
  y,	
  z)	
  
of	
  SSH	
  anomalies	
  onto	
  ρ,	
  T	
  and	
  
S	
  	
  were	
  	
  then	
  	
  computed	
  	
  in	
  	
  4°	
  

Where	
   curly	
   brackets	
   represent	
   objec)ve	
   mapping	
   (Bretherton	
   et	
  
al.,	
   1976)	
   and	
   the	
   over	
   bar	
   represents	
   the	
   )me	
   average	
   over	
   the	
  
study	
  period.	
  Subtrac)on	
  of	
  the	
  al)meter	
  signal	
  significantly	
  reduces	
  
the	
  variance	
  of	
  ρ,	
  T	
  and	
  S	
  anomalies	
  (Figure	
  3).	
  

Figure	
   2:	
   Example	
   of	
   linear	
   regression	
  
between	
   SSH	
   anomalies	
   and	
   ρ	
   (top),	
   T	
  
(middle)	
  and	
  S	
  (bo\om).	
  

Figure	
   3:	
   Domain-­‐averaged	
   R2	
   between	
   the	
  
al)meter	
   signal	
   and	
   the	
   Argo	
   profiles	
   per	
  
pressure	
   level	
   for	
   ρ	
   (black),	
   T	
   (red)	
   and	
   S	
  
(blue).	
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4.	
  Future	
  work	
  

Figure	
  8:	
  Mean	
  density	
  field	
   	
  at	
  1150db	
  aoer	
  
removing	
  the	
  al)meter	
  signal.	
  

regression	
  coefficient	
   	
   	
  between	
  	
  	
  
SSH	
   anomalies	
   and	
   S,	
   T	
   and	
   σθ	
  
anomalies	
  respec)vely.	
  Different	
  
response	
  behaviors	
   can	
  be	
   seen	
  
south	
   and	
   north	
   of	
   the	
   Polar	
  
front,	
   specially	
   for	
   SSH	
   and	
   S	
  
anomalies	
   where	
   the	
   slope	
   of	
  
regression	
   reverses	
   sign.	
   The	
  
mean	
   density	
   field	
   at	
   1150db	
  
aoer	
   removing	
   the	
   al)meter	
  
signal	
  is	
  shown	
  in	
  Figure	
  8.	
  

Further	
  work	
  will	
  be	
  directed	
  towards	
  the	
  es)ma)on	
  of	
  the	
  rela)ve	
  
contribu)ons	
  of	
  the	
  mean	
  and	
  eddy	
  poleward	
  heat	
  transport	
  at	
  the	
  
Southern	
  Ocean	
  using	
  the	
  mean	
  and	
  eddy	
  density	
  and	
  temperature	
  
fields	
  es)mated	
  in	
  this	
  work.	
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