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Neutral  Density  ( nγ )  surfaces)  is  gsw_geo_strf_isopycnal.    Also,  it  is  this  48-­‐‑term  expression  
for  density  that  will  be  the  basis  for  updated  algorithms  for  ω -­‐‑surfaces  (Klocker  et  al.  (2010))  
and  Neutral  Density   nγ   (Jackett  and  McDougall  (1997)).      

In   summary,  under  EOS-­‐‑80  we  have   to  date  used   the  observed  variables   ( )P, ,S t p    to  
first  form  potential  temperature  θ   and  then  we  have  analyzed  water  masses  on  the   PS θ−   
diagram,  and  we  have  been  able  to  draw  curved  contours  of  potential  density  on  this  same  
PS θ−   diagram.    Under  TEOS-­‐‑10,  the  observed  variables   ( )P, ,S t p ,  together  with  longitude  

and  latitude,  are  used  to  first  form  Absolute  Salinity   AS   using  gsw_SA_from_SP,  and  then  
Conservative   Temperature   Θ    is   calculated   using   gsw_CT_from_t.      Oceanographic   water  
masses   are   then   analyzed  on   the   AS −Θ    diagram   (using  gsw_SA_CT_plot),   and  potential  
density  contours  can  be  drawn  on  this   AS −Θ   diagram  using  gsw_rho(SA,CT,p_ref).      

The   various   oceanographic   properties   that   rely   on   the   equation   of   state   have   been  
written   in   terms   of   AS    and   Θ    in   the   GSW   Oceanographic   Toolbox,   and   all   of   the  
oceanographic  variables  in  common  use  (including  geostrophic  streamfunctions)  have  been  
written   using   the   48-­‐‑term   expression   for   density   to   ensure   consistency   between   ocean  
models,  observational  studies  and  theoretical  work.    The  use  of  many  of  these  functions  can  
be  seen  by  running  gsw_demo.      

  
  
  

9.  Ocean  modelling  using  TEOS-­‐‑10    
Ocean  models  treat  their  salinity  and  temperature  variables  as  being  conservative,  with  

the  choice  of  variables  to  date  being  Practical  Salinity  and  potential  temperature.    Converting  
ocean  models  to  be  TEOS-­‐‑10  compatible  requires  several  changes.    The  model’s  temperature  
variable  needs  to    

(i) accurately  represent  the  “heat  content”  per  unit  mass  of  seawater  and    
(ii) to  be  as  conservative  as  possible  under  ocean  mixing  processes.      

Conservative   Temperature   Θ    has   these   properties  whereas   potential   temperature   θ    does  
not.      Fortunately   it   is   relatively   easy   to   change   ocean   models   to   have   Conservative  
Temperature   as   their   temperature   variable.     With   the   expression   for   density   being   cast   in  
terms  of  Absolute  Salinity   AS   and  Conservative  Temperature   Θ   as   ( )Aˆ , ,S pρ Θ ,  the  interior  
of  an  ocean  model  can  be  written  totally  in  terms  of  this  one  temperature  variable,  Θ .    In  the  
air-­‐‑sea  interaction  module  of  an  ocean  model  the  sea-­‐‑surface-­‐‑temperature  (SST)  needs  to  be  
evaluated   for   use   in   bulk   air-­‐‑sea   flux   formulae,   and   this   is   done   by   calling   the   function  
gsw_pt_from_CT.     This  conversion  from   Θ    to  SST  needs  to  done   just  at   the  sea  surface  in  
the  air-­‐‑sea  interaction  module.      

The   current   practice   in   numerical  models   is   to   treat   salinity   as   a   perfectly   conserved  
quantity  in  the  interior  of  the  ocean.    In  order  to  continue  this  practice  the  appropriate  model  
salinity   variable   is   Preformed   Salinity   *S .      Preformed   Salinity   and   Absolute   Salinity   are  
related   to   RS    and   *S    respectively   by   Eqns.   (A.20.1)   and   (A.20.2)   of   the   TEOS-­‐‑10  Manual,  
repeated  here    

( )* R 11S S r Rδ= − ,   (5)  

( )A * 1S S Fδ= + ,   (6)  
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The   Absolute   Salinity   Anomaly   Ratio,     R
δ ≡ δSA

atlas SR
atlas ,   is   the   ratio   of   the   values   of  

Absolute  Salinity  Anomaly  and  Reference  Salinity  in  the  stored  hydrographic  atlas.      
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Because  Preformed  Salinity   *S   is  designed  to  be  a  conservative  salinity  variable,  blind  to  
the   effects   of   biogeochemical   processes,   its   evolution   equation   is   in   the   conservative   form  
(see  appendix  A.21  of  IOC  et  al.  (2010)),    

  

dŜ*
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Here   the   over-­‐‑tilde   of   *Ŝ    indicates   that   this   variable   is   the   thickness-­‐‑weighted   average  
Preformed  Salinity,  having  been  averaged  between  a  pair  of  closely-­‐‑spaced  neutral  tangent  
planes.    The  material  derivative  on  the  left-­‐‑hand  side  of  Eqn.  (8)  is  with  respect  to  the  sum  of  
the  Eulerian  and  quasi-­‐‑Stokes  velocities  of  height  coordinates  (equivalent  to  the  description  
in   appendix  A.21   of   IOC   et   al.   (2010)   in   terms   of   the   thickness-­‐‑weighted  mean   horizontal  
velocity  and  the  mean  dianeutral  velocity),  while  the  right-­‐‑hand  side  of  this  equation  is  the  
standard  notation  indicating  that   *Ŝ   is  being  diffused  along  neutral  tangent  planes  with  the  
diffusivity  K   and   in   the  vertical  direction  with   the  diapycnal  diffusivity  D   (and     γ z

−1    is   the  
average   of   the   reciprocal   of   the   vertical   gradient   of   Neutral   Density   or   locally-­‐‑referenced  
potential  density).    The  model  is  initialized  with  values  of  Preformed  Salinity  using  Eqn.  (5)  
based  on  observations  of  Practical  Salinity  and  on  the  interpolated  global  observed  data  base  
of   Rδ ;  this  is  best  done  by  calling  gsw_Sstar_from_SP.      

In   order   to   evaluate   density   during   the   running   of   an   ocean  model,  Absolute   Salinity  
must  be  evaluated  based  on  the  model’s  primary  salinity  variable,  Preformed  Salinity,  and  
Eqn.  (6).    This  can  be  done  by  carrying  the  following  evolution  equation  for   Fδ     
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The  model   variable   Fδ    (note   that   A * 1F S Sδ = − )   is   initialized   based   on   observations   of  

  R
δ ≡ δSA

atlas SR
atlas   and  the  use  of  Eqn.  (7b);  this  is  best  done  by  calling  gsw_Fdelta.    Equation  

(9)  shows  that   Fδ    is  advected  and  diffused  like  any  other  tracer,  but  in  addition,  there  is  a  
non-­‐‑conservative   source   term   ( )1 obsF Fδ δτ − −    which   serves   to   restore   the  model   variable  
Fδ    towards  the  observed  value  (found  from  gsw_Fdelta)  with  a  restoring  time   τ    that  can  
be   chosen   to   suit   particular   modeling   needs   (see   the   discussion   in   appendix   A.20   of   the  
TEOS-­‐‑10  Manual,  IOC  et  al.  (2010)).      

In  summary,  the  approach  for  handling  salinity  in  ocean  models  suggested  in  IOC  et  al.  
(2010)  and  summarized  here  carries  the  evolution  Eqns.  (8)  and  (9)  for   *Ŝ   and   Fδ ,  while   AŜ   
is  calculated  from  these  two  model  variables  at  each  time  step  according  to    

( )A *
ˆ ˆ 1S S Fδ= + .   (10)  

It  is  this  salinity,   AŜ ,  which  is  used  as  the  argument  for  the  model’s  expression  for  density  at  
each  time  step  of  the  model.      

The  Baltic  Sea  is  somewhat  of  an  exception  because  its  compositional  variations  are  not  
due   to   biogeochemistry   but   to   anomalous   riverine   input   of   dissolved   salts   which   behave  
conservatively.     Preformed  Salinity   *S    in  the  Baltic  is  equal  to  Absolute  Salinity   AS ,  which  
implies   that   1 1r = −    and     F

δ = 0    in   the   Baltic   Sea.      Hence   in   the   Baltic,   an   ocean   model  
simply  puts   AS S∗=   and  the  value  of  Absolute  Salinity  Anomaly   ASδ   is  immaterial  during  
the   running   of   the   model.      Of   course   the   values   of   ASδ    in   the   Baltic   are   important   for  
relating  Absolute   Salinity   and   Preformed   Salinity   to  measured   values   of   Practical   Salinity  
there.      The   discharges   (mass   fluxes)   of   river   water   and   of   Absolute   Salinity   should   both  
appear  as  source  terms  at  the  edges  of  the  Baltic  Sea  in  the  model.      

If  an  ocean  model  is  to  be  run  for  only  a  short  time  (less  than  a  century)  then  it  may  be  
sufficiently  accurate   to   carry  only  one   salinity  variable,  namely  Absolute  Salinity   AS .      For  
longer   integrations   the  neglect   of   the  non-­‐‑conservative  biogeochemical   source   term  means  
that  the  model’s  salinity  variable   AS   will  depart  from  reality.    A  more  detailed  discussion  of  
these  points  is  available  in  appendix  A.20  of  the  TEOS-­‐‑10  Manual  (IOC  et  al.  (2010)).    
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In  summary,  the  changes  needed  to  make  ocean  models  TEOS-­‐‑10  compatible  are    
(i) use  an  equation  of  state  in  terms  of   AS   and   Θ ,   ( )Aˆ , ,S pρ Θ ,  such  as  the  48-­‐‑term  

expression  to  be  found  in  gsw_rho(SA,CT,p),    
(ii) have   Conservative   Temperature   Θ    as   the   model’s   temperature   variable   (note  

that   SST   needs   to   be   evaluated   in   the   model’s   air-­‐‑sea   flux   module   using  
gsw_pt_from_CT    at  the  sea  surface  only),    

(iii) incorporate   the   effects   of   the   spatially  variable   seawater   composition  using   the  
techniques  of  appendix  A.20  of  IOC  et  al.  (2010)  as  summarized  above,      

(iv) restoring   boundary   conditions   for   ocean-­‐‑only   models   can   be   imposed   on   the  
model  variables   *S   and  Θ ,    

(v) model  output  salinities  and  temperatures  are  best  made  as  Absolute  Salinity   AS   
and  Conservative   Temperature   Θ ,   consistent  with   the   variables  which  will   be  
published  in  oceanographic  journals.      

  
  

10.  A  guide  to  the  GSW  Oceanographic  Toolbox    
The   key   attributes   of   the   three   new   oceanographic   variables   AS ,   *S    and   Θ    may   be  

summarized   as   follows.      Preformed   Salinity   *S    and  Conservative   Temperature   Θ    are   the  
ideal   variables   for   representing   the   “salt   content”   and   “heat   content”   of   seawater   in   the  
standard  conservation  equations  of  physical  oceanography.     However,   the   thermodynamic  
properties   of   seawater   (in   particular,   density)   depend   not   on   Preformed   Salinity   *S ,   but  
rather   on  Absolute   Salinity   AS .     While   Practical   Salinity   PS    is   relatively   easy   to  measure  
accurately,  it  should  now  be  regarded  as  a  stepping  stone  on  the  way  to  calculating  the  two  
more  attractive  salinity  variables,   AS   and   *S .      

The  GSW   functions   are   listed   on   the   central   two  pages   of   this   document.      These   two  
pages  are  also  available  as  a  separate  double-­‐‑sided  laminated  A4  page  for  ready  reference.    
Printed   versions   of   the   present   document   and   of   the   laminated   list   of  GSW   functions   are  
available   from   the   authors.      The   GSW   functions   are   grouped   under   several   headings   of  
functions  with  similar  characteristics.     The  first  group,  called  “documentation  set”  contains  
tools   to  assist   the  user  with  the  GSW  Toolbox.     By  running  gsw_front_page   the  user  gains  
access   to   many   of   the   introductory   documents   that   are   found   on   the   TEOS-­‐‑10   web   site,  
www.TEOS-10.org.  Essentially  gsw_front_page  is  the  front  page  to  the  GSW  Oceanographic  
Toolbox,   and   from   this   front   page   much   of   the   TEOS-­‐‑10   documentation   is   available  
(including   the   present   document).      The   function   gsw_contents   displays   all   the   GSW  
functions  as  a  list  from  which  the  help  files  can  be  read  by  clicking  on  their  function  names.    
The   function   gsw_check_functions   confirms   that   the   GSW   Oceanographic   Toolbox   is  
correctly   installed   and   that   there   are  no   conflicts.      This   function   runs   three   stored  vertical  
profiles   through   of   all   the   other   GSW   functions,   and   checks   that   the   outputs   are   within  
predefined   limits   of   the   correct   answers.      These   pre-­‐‑defined   limits   are   a   factor   of  
approximately  a  hundred   larger   than   the  errors  expected   from  numerical   round-­‐‑off   (at   the  
standard   double   precision   of  MATLAB).      The   user  may  want   to   run  gsw_check_functions  
periodically   to   confirm   that   the   software   remains   uncorrupted.      gsw_demo   runs   and  
displays  results   from  several  of   the  GSW  functions,  so   introducing   the  user   to  some  of   the  
features  of  the  Toolbox.      

The  second  group  of  functions  are  the  PSS-­‐‑78  routines  for  Practical  Salinity  in  terms  of  
either  conductivity  C  or  conductivity  ratio  R,  as  well  as   their   inverse   functions.     The   input  
temperature  to  these  functions  is  in  situ  temperature  (ITS-­‐‑90),  and  the  inverse  algorithms  are  
iterated  until   the  Practical  Salinity   is   equal   to   the   input  value   to  within  2x 1410− ,   that   is,   to  
machine  precision.     These  functions  incorporate  a  modified  form  of  the  extension  of  Hill  et  
al.   (1986)   to   Practical   Salinities   between   zero   and   2.      The   modification   ensures   that   the  
algorithm  is  exactly  PSS-­‐‑78  for   P 2S ≥   and  is  continuous  at   P 2S = .    The  last  function  in  this  




