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The Practical Salinity Scale 1978: 
conversion of existing data

E. L. L e w i s * an d  R. G . P e r k i n *

(Received  23 July  1980; in revised form  29 Septem ber 1980; accepted  30 Septem ber 1980)

A bstract— Im plem enta tion  o f the recom m endations to ad o p t the Practical Salinity Scale 1978 
(PSS 78) as a w orld s tandard  will require exam ination  of existing archived salinity d a ta  w ith a view 
to its conversion in to  the new scale. This study gives the basis for conversion to the PSS 78 from six 
o f the m ost com m only used curren t salinity algorithm s. It will enable oceanographers to assess 
w hether o r no t changes are significant in term s of their interests.

IN T R O D U C T IO N

T h e  P r a c t i c a l  S a l i n i t y  S c a l e  1978 (PSS 78) has  been considered  by the Jo in t P anel on  
O ceanograph ic  T ables an d  S tan d a rd s  an d  has now  been recom m ended  by S C O R , IC E S, 
an d  IA P S O  as the scale in w hich to  rep o rt fu tu re  salin ity  d a ta . It is the basis o f the new 
in te rn a tio n a l equa tion  o f sta te  an d  p resum ab ly  its use will becom e s ta n d a rd  a t m ost 
oceanograph ic  institu tes in the near fu ture . T h e  PSS 78 an d  its an teceden ts have been 
described by L e w i s  (1980). This pap e r addresses the question  of how  to  com pare  new  d a ta  
to  those a lready  existing in in stitu tiona l archives. O cean o g rap h ers  having full in fo rm ation  
regard ing  the ir old d a ta  ta b u la tio n s , inc lud ing  the eq u a tio n s  used to  reduce electrical 
conductiv ities to  salinities an d  values for the b o ttle  sam ples used for ca lib ra tio n , shou ld  be 
able to  use th is study to  assess the m agn itude  o f the change caused by conversion  to  the new 
scale.

L e w i s  an d  P e r k i n  (1978) listed salin ity  a lgo rithm s used to  reduce c o n d u c tiv ity -  
te m p era tu re -d e p th  (C T D ) m easurem ents an d  from  these, six have been selected as 
com m only  in use a t the p resen t tim e. T hey are  described in U N E S C O  (1966), P e r k i n  an d  
W a l k e r  (1972), F o f o n o f f , H a y e s  an d  M i l l a r d  (1974), B e n n e t t  (1976), R i b e  and  H o w e  

(1975), and  F e d o r o v  (1971). All the sets o f eq u a tio n s  are based on the d a ta  o f  C ox, C u l k i n  

and  R i l e y  (1967) o r B r o w n  an d  A l l e n t o f t  (1966), o r b o th , using the re la tionsh ip  by 
B r a d s h a w  an d  S c h l e i c h e r  (1965) for the p ressure dependence o f conductiv ity  ra tio s. T he 
In te rn a tio n a l O ceanograph ic  T ab les (U N E S C O , 1966), based  on  the d a ta  o f C o x  et  al. 
(1967), do n o t go below  10°C, m ak ing  them  unsu ited  by them selves for in situ C T D  d a ta  
reduction . All the o th e r  eq u a tio n  sets referred to  are based either on  the B r o w n  and  
A l l e n t o f t  d a ta  alone o r on a m arriage  of the tw o d a ta  sets. T he sets are the resu lts o f 
experim ents on w ater m asses w ith differing ion ic ra tio s  an d , as h as  been discussed by L e w i s  

(1980), are fundam entally  incom patib le . T his leaves considerab le freedom  for in te rp re ta tio n  
in jo in in g  the sets toge ther an d  so variab ility  in calcu la ted  salinities. T he orig inal equ a tio n s
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supplied  with the d a ta  sets have been used by som e a u th o rs ; o the rs have used the orig inal 
d a ta , refitted to  different functional form s. This w as exam ined  by L e w i s  an d  P e r k i n  (1978), 
w ho also gave a general d iscussion o f the ph ilosophy  o f salinity  de term in a tio n  and 
em phasized the need for a new scale to  p rov ide an u n am b ig u o u s basis for in te r-in stitu tional 
d a ta  com parisons. T he recom m ended  so lu tion  is the PSS 1978; th is set o f eq u a tio n s is 
given in the A ppend ix ; an  issue o f  the Journal o f  Oceanic Engineering (Vol. 5, Jan u ary  1980) 
w as devoted  to  the topic. All the o th e r a lgorithm s can  be ob ta in ed  from  the references 
given.

An add itiona l com plication  in salin ity  ca lcu la tions is the change in the defin ition  of 
p rac tica l tem pera tu re  in 1968 (C om ité In te rn a tio n a l des P oids et M ésures, 1969). Before 
th a t d a te  the In te rn a tio n a l P ractical T em p era tu re  Scale (1948) w as in com m on use and 
tem peratu res m easured  on th a t scale an d  on the follow ing In te rn a tio n a l P ractical 
T em pera tu re  Scale (1968) will be rep resen ted  as T 48 an d  T 68, respectively. T he d istinction  
betw een the tw o scales has been m en tioned  by the o rig in a to rs  o f salin ity  a lgorithm s to  
w hom  it is im p o rta n t an d  a num ber o f conversion  eq u a tio n s  have been derived, w hich, 
a lthough  algebraically  different, give essentially  the sam e correc tion . W e have used each 
re la tionsh ip  w ithin the co n tex t o f its ow n paper.

In w hat follows, it is particu la rly  im p o rta n t to d istinguish  betw een the given m easured 
quan titie s, w hich m ust be assum ed errorless, and  derived quan titie s th a t are an  artifact of a 
p a rticu la r a lgorithm  o r  p rocedu re . M easured  quan titie s will be deno ted  by italic type, e.g. 
R , V, p, an d  derived q u an titie s  in norm al type. T em p era tu re  and  pressure are considered  
m easured  quan tities because they are  derived from  a single m easured  electrical param ete r 
by a fixed p rocedure , un like sa lin ity , w hich is ca lcu la ted  from  bo th  o f them  as well as 
electrical conductiv ity  in a  variety  o f ways. T he conductiv ity  o f  a p articu la r parcel o f w ater 
in the ocean of salinity  S, tem p era tu re  T  an d  applied  pressure p, is defined as C(S, T, p) and 
a p ertin en t p aram ete r is the ra tio  betw een the conductiv ity  and  th a t o f som e stan d ard  
seaw ater so lu tion  a t a given tem p era tu re  an d  pressure. The usual s ta n d a rd  has been the 
conductiv ity  o f 35%0 seaw ater a t a tem p era tu re  o f 15°C a t a tm ospheric  p ressure, 
C (35, 15, 0). In  the various a u th o rs ’ fo rm u lations, C (35, 7 J48, 0 ) o r  C (35, 1568, 0) m ay  be 
the ‘c o n s ta n t’ used an d  allow ance for th is m ust be m ade w hen chang ing  tem p era tu re  scales. 
T he po in t has been discussed by B e n n e t t  (1976).

M ethods of apply ing  co rrec tions to  old d a ta  depend  n o t only  on the equ a tio n s used, bu t 
on  the technique used to  ca lib ra te  the instrum en t. T he tw o com m on ca lib ra tion  practices 
are n o t equivalen t in all regards an d  give different biases to  the d a ta  sets to  which they are 
applied . These are system atic  an d  can  be rela ted  to  each other.

C A L I B R A T I O N  T E C H N I Q U E S  F O R  I N  S I T U  M E A S U R E M E N T S

T he ca lib ra tio n  of the in situ m achine first involves p lacing  lim its of accuracy on 
tem p era tu re  and  pressure m easurem ents, because these are independen t variables. The 
in situ m achine also  prov ides an  o u tp u t vo ltage, V, o r  som e o th e r electrical analog , 
p ro p o rtio n a l to  the ratio  betw een the conductiv ity  o f  the w ate r(a t its in situ tem pera tu re  T'  
an d  pressure p)  an d  C(35, 15, 0) thus :

C(S , T \ p )
R = — ;-------- —  =  K  . F (S , T' ,  p), (1)

C (35, 75, 0).

w here K is the cell co n s tan t, a function  of the geom etry  o f  the cell. N ex t, a w ate r sam ple
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collected a t the sam e dep th , location , an d  tim e the in situ read ing  was m ade is analysed  in 
the bench sa linom eter to  determ ine R r , the ra tio  o f the sam ple conductiv ity  a t tem p era tu re  
T  to  th a t o f the s ta n d a rd  seaw ater at the sam e tem p era tu re :

R t =  C(S, T,  0 ) /C (3 5 ,r , 0). (2)

In som e bench salinom eters the s ta n d a rd  seaw ater and  the sam ple are run  successively 
in to  a conductiv ity  cell w ith in  a co n s tan t tem p era tu re  b a th  so th a t T  o f eq u a tio n  (2) is 
know n an d  R T is determ ined  directly . In  o th e rs , w ithou t the rm osta tic  co n tro l, the 
tem p era tu re  o f the sam ple m u st still be m easured , b u t it is specified th a t th is tem p era tu re  
and  th a t o f the s ta n d a rd  seaw ater m ust n o t differ by m ore th an  3°C. T em p era tu re  
differences up  to  th is size a re  com pensa ted  for by an  electron ic netw ork  designed w ith 
know ledge o f the tem p era tu re  coefficient o f the s ta n d a rd  seaw ater,

xT =  C (35, T, 0)/C (35, 15, 0). (3)

T he final piece of in fo rm ation  requ ired  to  com pleté  the ca lib ra tio n  process is the pressure 
dependence of the conductiv ity  ra tio  :

C(S , T \ p )

w hich allow s connection  betw een the in situ ra tio  an d  th a t which w ould  have been 
m easured  on  a bench sa linom eter at the sam e tem pera tu re . F ro m  (1), (2), (3), an d  (4),

R =  R pR j Tj . (5)

R r ' is solved for by an iterative process from  the  value o f R T m easured  by the bench 
salinom eter (at tem p era tu re  T )  from  know ledge o f the form  o f its tem pera tu re  dependence. 
As r T and Rp are given functions, p a rt o f the salin ity  a lgo rithm , R follows from  eq u a tio n  (5) 
by a process of successive ap p ro x im atio n . T h u s the cell co n s tan t K is determ ined  as a 
co rrec tion  AK applied  to  the prev ious value. O nce this has  been done R can  be considered  
as a m easured  q u an tity , R,  an d  subsequen t values for R T! are calcu lated  from  (5). T he final 
step is to  calcu late  salin ity  from  an eq u a tio n  o f the form

S =  G (R r , T),  (6)

w hich in practice determ ines ‘sa lin ity ’ for the scale. F orm ally , the definition o f  salinity  is 
usually  eq u a tio n  (6) for T  =  15°C or its equ ivalen t (see A ppendix  for the definition of 
‘p ractical sa lin ity ’). D ifferences betw een salin ities ca lcu lated  from  the various a lgorithm s 
involve differences in d a ta  bases an d /o r  fittings for the form s o f R r , r T, an d  R p as well as the 
form  of (6). This can be explicitly expressed as:

S = F  ( R , T , p )

=  G (R /R pr x , T ) for in situ read ings (7)

=  G ( R t , T )  w hen p =  0 (bench salinom eter).

T he above m ethod  of in situ C T D  ca lib ra tio n  and  use will be called the AK technique. 
H ow ever, m any investiga to rs, particu la rly  those concerned  w ith narro w  salinity  ranges, use 
an additive co rrec tion  to sa lin ity , the AS m ethod . Salinities a re  calcu lated  d irectly  from  the 
bench salinom eter an d  in situ read ings, R T, an d  (R, T ‘, p),  respectively, using eq u a tio n  (7); 
the difference betw een these values co n s titu tes  AS, w hich is then  added  algebraically  to  all
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values o f salin ity  calcu lated  from  subsequen t in situ read ings. As will be show n la ter, this 
com m on p rocedure  is only exact a t the salin ity  a t w hich AS is calcu lated . It w ould  have 
been better to  apply  a co rrec tion  p ro p o rtio n a l to  sa lin ity  ra th e r  th an  a fixed value.

T he conversion  o f d a ta  th a t have been reduced  using any  o f  the six listed a lgorithm s by 
either the AK o r AS m ethod  to  the PSS 78 will now  be investigated  in detail.

I N S P E C T I O N  A N D  T E S T I N G  O F  E X I S T I N G  D A T A  S E T S

In the follow ing discussion, salinities resu lting  from  existing  ca lcu la tions, including the 
ap p ro p ria te  ca lib ra tion  co rrec tions, will be deno ted  by S an d  co rresp o n d in g  practical 
salinities on  the PSS 78 by S'. T he ac tua l q u an tity  m easu red  by the in situ in stru m en t is a 
voltage o r equivalen t, w hich shou ld  be erro rless an d  ind ep en d en t o f any ca lib ra tio n  process 
o r salinity  scale. T hus from  (7) (d ropp ing  T  an d  p from  the n o ta tio n  as u n d ersto o d )

S =  F (K F ) , S' =  F '(K 'K ),

w here K  and  K ' have been individually  ca lcu la ted  on  each scale, as described in the 
preced ing  section, by using S =  G ( R r ) an d  S' =  G ' ( R T) on the sam e b o ttle  sam ple. S is 
m easured  in b u t this sym bol has  been o m itted  in the follow ing discussion. T hus the 
change in salin ity  when converting  to  the PSS 78 is, from  T a y lo r’s expansion

S ' - S  =  F '(K 'F )  —F (K F )

=  F ' ( K 'F ) - F ( K T ) - ( K - K ' ) F . ^

— A F — (1 — K '/K )R  — .

It is seen th a t AF is the co m p o n en t of the salinity  difference due to  changing  algorithm s. 
N ow  R(<3F/dR) can  be w ritten  as <5S/(<5R/R) an d  ¿R /R  is a lm o st independen t o f tem pera tu re  
an d  pressure for a given ¿S. T hus, to  the accuracy  req u ired , <5S/(<5R/R) is independen t o f 
tem pera tu re  and  pressure and  it can  be d em o n stra ted  th a t it can  be fitted to  a q u ad ra tic ,

R(dF/r?R) =  aS +  b S 2,

to  w ithin small lim its. T he values o f  the co n s tan ts  a an d  b are  1.0683 and 0.00156 w ith an 
r.m .s. dev iation  in R (dF /dR ) of 6 x  IO“ 3. T hus

S ' - S  =  A F - ( l - K ' / K ) ( a S  +  b S 2). (8)

T ak ing  the case of the bo ttle  sam ple collected a t specified values of V, T' ,  an d  p and 
analysed on the bench to  give R T an d  T,  (7) and  (8) give

S ' - S  =  A G B =  A F B- ( l - K ' / K ) ( a S B + b S 2), (9)

w here the subscrip t B has been used to  d istinguish  the b o ttle  sam ple values. It is seen th a t 
A G b is the salin ity  difference due to  chang ing  the a lg o rith m  used for the bench salinom eter 
readings. N ow  A G B and  A F B are know n directly , hence (1 — K '/K )  can  be calcu lated  from 
(9) an d  applied  to  (8) to  calcu late  S' —S for any values o f V, T \  an d  p.

T able 1 lists the algo rithm s for w hich AF an d  AG co rrec tio n s have been calcu lated  along  
w ith the ir ranges o f validity  an d  in fo rm ation  a b o u t conversion  of tem p era tu re  scales. A first 
estim ate of the m agn itude of the co rrec tio n s is seen in T ab le  2 w here A G B has been listed 
for the In te rn a tio n a l Tables. As the rem ain ing  five referenced sets of a lgorithm s are close to
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Table 1. Review o f  the salinity algorithms considered, giving ranges o f  validity, and conversions needed fo r  comparison with the Practical Salinity
Scale 1978

Salinity algorithm *

Ranges Conversions Reference

Pressure (d b a r)t T em peratu re ( C) Salinity Tem perature} C onductivity Table N o.

C o x , C u lk in  and  R iley (1967) 0 10 to 30 4 to 42 _ _ 2
(International Tables) 14 to 29*

F o f o n o f f , Hayes and  M illard 0 to 10,000 0 to 35 4 to 42 ^68 *̂ 48 R“8 =  1.000106R68 3
(1974) 14 to 29*

P erkin  and W alker (1972) 0 to 1,700 Freezing to  20 4 to 40 ^68 ~* ^48 C 48 =  42.9284R68 4

Ben n ett  (1976) 0 to 10,000 Freezing to 35 4 to 42 — — 5

R ibe and H ow e (1975)§ O to  7,000 0 to 30 20 to 40 —  * — 6

F edorov  (1971 )§ 0 to 2,000 0 to 30 33 to 37 —  ' — 7

* Range of d a ta . F o f o n o f f  et al. (1974) sta te  th a t their algorithm  w orks at tem peratu res below  14°C (see Table 3).
t  1 d b a r  =  10 kilopascals.
Î Tis =  r 68 (1.000488 -  5.80X 10 " 6T68).
§ C onversion of tem peratu re scale om itted because o f  unclear o r  missing notification. It is thought th a t m ost investigators will have used the 

uncorrected form ulation given here.

The 
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Table 2. The salinity difference in % ox IO3 calculated by the PSS  78 minus that given by the International Tables starting from  the same measured values o f
R t and T

Pressure , 0  db ar
36—i
3 4 - +  23 +  29 +  39 +  44 +  45 +  41 +  35 +  28 +  21 +  15 +  9 +  6 +  3 +  2 +  1 +  1 +  0 - 1 - 2 - 5 - 8
3 2 - + 2 2 +  28 +  38 +  43 +  44 +  40 +  35 +  28 +  21 + 15 +  10 +  6 +  4 +  3 +  2 +  1 + 0 - 1 - 3 - 6 - 1 0
3 0 - +  22 +  27 +  37 +  42 +  43 +  40 +  34 +  28 +  2! +  15 +  11 + 7 +  5 +  3 +  2 +  2 +  1 - 1 - 3 - 6 - 1 0

2 8 - +  21 +  26 +  36 +  41 +  42 +  39 +  34 +  27 +  21 +  15 +  11 +  7 +  5 +  4 +  3 +  2 +  1 _ i - 3 - 7 - 1 1
2 6 - +  21 +  25 +  35 +  40 +  41 +  38 +  33 +  27 +  21 +  16 +  11 +  8 +  6 +  4 +  3 +  2 +  1 - 1 - 4 - 7 - 1 1
2 4 - +  21 +  25 +  34 +  39 +  40 +  38 +  33 +  27 +  21 +  16 +  12 +  8 +  6 +  5 +  3 +  2 +  1 - 1 - 4 - 7 - 1 2
2 2 - +  20 +  24 +  33 +  39 +  40 +  37 +  33 +  27 +  21 +  16 +  12 +  9 +  6 +  5 +  4 +  2 +  1 - 1 - 4 - 7 - 1 2
2 0 - +  20 +  23 +  32 +  38 +  39 +  37 +  32 +  27 +  21 +  16 +  12 +  9 +  7 +  5 +  4 +  3 +  1 - 1 - 4 - 8 - 1 1
1 8 - +  20 +  23 +  32 +  38 +  39 +  37 +  33 +  27 +  22 +  17 +  13 +  10 +  7 +  6 +  4 +  3 +  1 - 1 - 4 - 8 - 1 1
1 6 - +  20 +  23 +  32 +  38 +  39 +  37 +  33 +  28 +  23 +  18 +  14 +  10 +  8 +  6 +  5 +  3 +  1 - 1 - 4 - 8 - 1 1
1 4 - +  20 +  23 +  32 +  38 +  39 +  38 +  34 +  29 +  23 +  19 +  15 +  11 +  9 +  7 +  5 +  3 +  1 -  1 - 4 - 8 - 1 1
12— +  20 +  23 +  32 +  38 +  40 +  39 +  35 +  30 +  25 +  20 +  16 +  13 +  10 +  8 +  6 +  4 +  1 - 1 - 4 - 8 - 1 1
10— +  21 +  24 +  33 +  39 +  41 +  40 +  36 +  32 +  27 +  22 +  18 +  14 +  11 +  9 +  6 +  4 +  1 - 2 - 5 - 8 - 1 1

8— +  21 +  25 +  34 +  41 +  43 +  42 +  39 +  34 +  29 +  24 +  20 +  16 +  13 +  10 +  7 +  4 +  2 - 2 - 5 - 8 - 1 1
6— +  22 +  26 +  36 +  43 +  46 +  45 +  42 +  37 +  32 +  27 +  23 +  19 +  15 +  12 +  8 +  5 +  2 - 2 - 6 - 9 - 1 2
4— +  24 +  28 +  39 +  46 +  49 +  49 +  46 +  41 +  36 +  31 +  27 +  22 +  18 +  14 +  10 +  6 +  2 - 2 - 6 - 1 0 - 1 3
2— +  25 +  31 +  42 +  50 +  54 +  53 +  51 +  47 +  41 +  36 +  31 +  26 +  21 +  17 +  12 +  7 +  2 - 2 - 7 - 1 1 - 1 4
0— +  27 +  34 +  46 +  55 +  59 +  59 +  57 +  53 +  48 +  42 +  37 +  31 +  26 +  20 +  15 +  9 +  3 - 3 - 9 - 1 4 - 1 7

- 2 —
A

+  29 +  38 +  51 +  61 +  66 +  67 +  65 +  61 +  56 +  50 +  44 +  37 +  31 +  24 +  18 +  11 +  4 - 4 - 1 0 - 1 6 - 2 0
— H 

0
1
2

1
4

1
6

1
8 10

1
12

1
14

1
16

1
18

1 1 
20 22

Salinity , ppt

1
24

1
26

1
28

1
30

1
32

1
34

1
36

1
38

1
40

1
42

* D ashed  line encloses the region o f  validity  o f  the  equa tions  as given in  T ab le 1.
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the In te rn a tio n a l T ables over th a t p a r t o f the ir range  (tw o o f them  are identical), T able 2 is 
a good guide to  w hat is to  follow . T he values o f  A G B are m ostly  the resu lt o f ionic ra tio  
differences betw een the w aters giving rise to  the tw o d a ta  sets used and  this has been 
discussed by L ewis (1980). B oth d a ta  sets have the  IA P S O  s ta n d a rd  seaw ater in com m on 
w hich in the p as t, w ith few exceptions, has been good  as a conductiv ity  s tan d ard  w ithin 
+  0.002 salin ity  (P oisson , D auphinee , R oss an d  C u lk in , 1978) and  a t S =  35, AG ~  0.0 
independen t o f tem peratu re .

T ables 3 to  7 give the salin ity  differences, A F , a t  various pressures betw een the PSS 78 
an d  the five rem ain ing  salin ity  a lgo rithm s ca lcu la ted  from  the sam e m easured  values. A G B 
is tab u la ted  in each case for th ree la b o ra to ry  tem p era tu re s , 16, 20, an d  24°C. Except in 
extrem e cases, linear in te rp o la tio n  betw een values in the tables is sufficient to  give an 
accuracy o f +  2 ppm  for S' — S. T he use o f the tab les is best described by giving an  exam ple.

C onsider a profile w here a bo ttle  sam ple has  been taken  a t  1000 d b ar pressure and  
tem pera tu re  0°C. T he sam ple has been analysed  a b o a rd  ship a t a tem p era tu re  o f 20°C to 
give a salinity  of 36 by the algo rithm  due to  F o f o n o f f  et al. (1974), w hich has then  been 
used to  com pu te  profile salin ities co rrec ted  by the  AK m ethod . A t 20-m d ep th  in the profile 
the salinity  so com puted  is 28 a t a tem p era tu re  o f 4°C. W h a t salinity  w ould  have been 
com pu ted  if PSS 78 h ad  been used th ro u g h o u t?

Referring to  T able 3 ( F o f o n o f f  et al., 1974), the pa ram ete rs  for the bo ttle  sam ple 
(T  =  0°C, S =  36, p =  1000 d b a r)  give A G B =  - l x l ( T 3, A F B =  - 1 3  x I O '3, an d  
aS +  b S 2 =  40. T hus (9) gives

(1 - K ' / K )  =  ( -  13 + 1 ) 1 0 '3/40  =  - 3 0  X I O '5.

R eferring to  T able 3 (0 d b ar) for the profile p o in t o f  in te rest (T  =  4°C, S =  28%o)> 
AF =  15 X IO-3  an d  aS +  b S 2 =  31. E q u a tio n  (8) then  gives

S ' - S  =  15 X 1 0 '3 +  3 0 x  10“ 5 x 31 =  24 x IO- 3 .

T herefore, salinities a t this p o in t o f the profile w ou ld  have been 0.024 higher if PSS 78 had  
been used.

T he AS ca lib ra tion  technique is differently fo rm u la te d : the in situ salinity  is forced to  
agree w ith the co rrespond ing  b o ttle  sam ple value a t any  p o in t in the profile:

S =  F (R ) + A S
w here

AS =  G b - F ( R b).

U sing the sam e m easured  values b u t the PSS 78

S' =  F '(R ) +  G b —F '(R b) 

w here R  is a m easured  value. T h u s:

S' -  S =  F '( R ) —F (R ) -  [F '(R B) -  F (R b)] +  G'B -  G B,
or

S ' - S  =  A F - A F b +  A G b. (10)

T ak in g  the sam e exam ple, A G B, A F B, an d  A F  rem ain  unchanged  a t — l x l O - 3 , 
— 13 x IO- 3 , a n d  15 x  IO-3  respectively. F ro m  (10)

S ' - S  =  15 +  1 3 - 1  =  2 7 x  I O '3.

-  123  -
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Table 3. Values fo r  AF (%„ x IO3), the salinity difference between the PSS  78 and F o f o n o f f  et al. (1974) calculated from  the same measured values at pressures
o f  0, 1000, 2000, and 5000 dbar

Pressure, 0 dbar
36 -1
3 4 - +  22 +  28 +  38 +  43 +  43 +  39 +  33 +  26 +  18 +  12 +  6 +  2 + 0 - 2 - 3 - 4 - 5 - 6 - 8 - 1 1 - 1 5
3 2 - +  22 .+ 2 8 +  38 + 4 3 +  44 +  40 +  34 +  28 +  21 +  15 +  10 +  6 +  4 +  2 + 2 +  1 + 0 - 1 - 3 - 6 - 1 0
3 0 - +  22 +  27 +  37 +  43 +  44 +  41 +  35 +  29 +  22 +  17 +  12 +  9 +  6 +  5 +  4 +  4 + 3 +  2 - 1 - 4 - 8
28— +  22 +  26 +  36 +  42 +  43 +  40 +  35 +  29 • +  23 +  17 +  13 +  10 +  8 +  7 +  6 +  5 +  4 +  3 +  1 - 3 - 7
26— +  21 +  26 +  35 +  41 +  42 +  40 +  35 +  29 +  23 +  18 +  13 +  10 +  8 +  7 +  6 +  6 +  5 +  3 +  0 - 3 - 7
24— +  21 +  25 +  34 +  40 +  41 +  39 +  34 +  28 +  23 +  18 +  14 +  10 +  8 +  7 +  6 +  5 +  4 +  2 +  0 - 4 - 8
22— +  20 +  24 +  33 +  39 +  40 +  38 +  34 +  28 +  22 +  17 +  13 +  10 +  8 +  7 +  6 +  5 + 3 +  1 - 1 - 5 - 9
20— +  20 +  24 +  33 +  38 +  40 +  37 +  33 +  28 +  22 +  17 +  13 +  10 +  8 +  6 +  5 +  4 +  2 +  0 - 3 - 6 - 1 0
18— +  20 +  23 +  32 +  38 +  39 +  37 +  33 +  27 +  22 +  17 +  13 +  10 +  8 +  6 +  5 +  3 +  1 - 1 - 4 - 7 - 1 1
16— +  20 +  23 +  32 +  38 +  39 +  37 +  33 +  28 +  23 +  18 +  14 +  10 +  8 +  6 +  5 +  3 +  1 - 1 - 4 - 7 - 1 1
1 4 -h +  20 +  23 +  32 +  38 +  39 +  38 +  34 +  29 +  24 +  19 +  15 +  11 +  9 +  7 +  5 +  3 +  1 - 1 - 4 - 7 - 1 1
1 2 - +  20 +  23 +  32 +  38 +  40 +  39 +  35 +  30 +  25 +  20 +  16 +  13 +  10 +  8 +  6 +  4 +  2 - 1 - 4 - 7 - 1 0
10— +  21 +  24 +  33 +  40 +  42 +  40 +  37 +  32 +  27 +  23 +  19 +  15 +  12 +  10 +  8 +  5 +  3 +  0 - 3 - 6 - 9
8— +  22 +  25 +  35 +  41 +  44 +  43 +  40 +  35 +  30 +  26 +  21 +  18 +  15 +  12 +  9 +  7 +  4 +  1 - 3 - 6 - 8
6— +  23 +  27 +  37 +  44 +  46 +  46 +  43 +  38 +  34 +  29 +  24 +  21 +  17 +  14 +  11 +  8 +  4 +  1 - 3 - 6 - 8
4 — +  24 +  29 +  39 +  46 +  50 +  49 +  46 +  42 +  37 +  32 +  28 +  23 +  19 +  15 +  12 +  8 +  4 +  0 - 4 - 8 - 1 1
2— +  25 +  31 +  42 +  50 +  53 +  53 +  50 +  46 +  41 +  35 +  30 +  25 +  20 +  15 +  11 +  6 +  1 - 4 - 9 - 1 3 - 1 6
0 - +  27 +  33 +  44 +  53 +  57 +  56 +  54 +  49 +  43 +  37 +  31 +  25 +  19 +  13 +  7 +  1 - 6 - 1 2 - 1 8 - 2 4 - 2 8

- 2 -  
_  4_ +  28 +  35 +  47 +  56 +  60 +  59 +  56 +  51 +  45 +  37 +  30 +  23 +  15 +  7 - 1 - 9 - 1 8 - 2 6 - 3 4 - 4 2 - 4 7

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 3 6 38 40 42

Salinity , ppt
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Table 3— continued

36—
34—
32— - 5 - 6

1000 db ar 

- 7  - 9 - 1 2 - 1 6 - 1 0 - 1 1

2000 db ar 

- 1 3  - 1 6 - 2 0 - 2 4 - 1 7 - 1 9

5000 d b a r 

- 2 2  - 2 6 - 3 1 - 3 8

42— 
40— 
38— 
3 6 -

- 1 1
- 8
- 4
- 1

- 1 1
- 8
- 4
- 1

- 1 2
- 7
- 4
- 1

3 0 - +  1 +  0 - 1 - 3 - 6 - 1 0 - 1 - 3 - 4 - 7 - 1 0 - 1 5 - 4 - 6 - 8 - 1 2 - 1 7 - 2 3 3 4 - +  1 +  1 +  1
28— +  5 +  4 +  3 +  1 - 2 - 6 +  4 +  3 +  1 - 1 - 5 - 9 +  5 +  3 +  1 - 2 - 7 - 1 3 3 2 - +  3 +  3 +  2
26— +  7 +  6 +  4 +  2 - 1 - 5 +  7 +  6 +  4 +  2 - 2 - 6 +  11 +  9 +  7 +  3 - 2 - 8 3 0 - +  5 +  4 +  3
2 4 - +  8 +  6 +  5 +  3 - 1 - 5 +  9 +  8 +  6 +  3 - 1 - 6 +  14 +  12 +  9 +  6 +  1 - 6 2 8 - +  6 +  5 +  5
2 2 - +  8 +  6 +  5 +  2 - 1 - 6 +  9 +  8 +  6 +  3 - 1 - 6 +  15 +  13 +  10 +  6 +  1 - 6 2 6 - +  8 +  7 +  6
20— +  7 +  6 +  4 +  1 - 2 - 7 + 9 +  7 +  5 +  2 - 2 - 7 +  15 +  13 +  10 +  5 +  0 - 7 2 4 - +  10 +  9 +  8
18— +  7 +  5 +  3 +  0 - 4 - 8 +  9 +  7 +  4 +  1 - 4 - 9 +  14 +  12 +  8 +  4 - 2 - 9 Cl 2 2 - +  14 +  12 +  12
16— +  7 +  5 +  2 - 1 - 5 - 9 +  8 +  6 +  3 +  0 - 5 - 1 0 +  14 +  11 +  7 +  2 - 4 - 1 2 Q . 2 0 - +  18 +  16 +  16
14— +  7 +  5 +  2 - 1 - 5 - 1 0 +  8 +  6 +  3 - 1 - 6 - 1 2 +  13 +  10 +  6 +  1 - 6 - 1 4 1 8 - +  23 +  21 +  21
12— +  8 +  5 +  2 - 1 - 5 - 1 0 + 9 +  6 +  3 - 1 - 7 - 1 2 +  14 +  10 +  6 +  0 - 7 - 1 5

I
1 6 - +  28 +  27 +  27

10— +  9 +  6 +  3 - 1 - 5 - 1 0 +  10 +  7 +  3 - 1 - 7 - 1 3 +  15 +  11 + 6 +  0 - 8 - 1 6 1 4 - +  33 +  32 +  33
8— +  10 +  7 +  4 +  0 - 5 - 1 0 +  12 +  8 +  4 -  1 - 7 - 1 3 +  16 +  12 +  7 +  0 - 8 - 1 8 12— +  37 +  37 +  38
6— +  12 +  8 +  4 +  0 - 5 - 1 0 +  13 +  9 +  4 - 1 - 7 - 1 4 +  18 +  13 +  7 +  0 - 9 - 1 9 10— +  39 +  39 +  40
4— +  13 +  9 +  4 - 2 - 7 - 1 3 +  15 +  10 +  4 - 2 - 9 - 1 6 +  19 +  14 +  7 - 2 - 1 1 - 2 2 8— +  38 +  38 +  39
2— +  13 +  7 +  1 - 5 - 1 2 - 1 8 +  14 +  8 +  2 - 6 - 1 4 - 2 2 +  19 +  13 +  4 - 5 - 1 6 - 2 8 6— +  32 +  32 +  34
0— + 9 +  2 - 5 - 1 3 - 2 1 - 2 9 +  11 +  4 - 4 - 1 3 - 2 3 - 3 3 +  16 +  8 - 2 - 1 3 - 2 6 - 4 0 4 — +  23 +  23 +  25

- 2 —
- 4 —

+  1 - 8 - 1 7 - 2 7 - 3 7 - 4 7 +  4 - 6 - 1 6 - 2 7 - 3 9 - 5 1 +  9 - 2 - 1 4 - 2 8 - 4 3 - 5 9 2— +  20 +  20 +  21

1
30

1
32

1
34

1
36

1
38

1
40

1
30

1
32

1
34

1
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1
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1
40

1
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1
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1
34

1
36

1
38

1
40

1
16

1
20

1
24

Salinity , p p t °C
A G b

A G b a t the low er right o f Tables 3 to  7 gives the ca lcula ted  change in b o ttle  sam ple salinities used for ca lib ra tion  purposes. See text for discussion and  m ethod  o f use. D ashed  line 
encloses the region o f  validity  o f  the equa tions  as given in T ab le 1.
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Table 4. Values fo r  A F (%ox IO3), t h e  salinity difference between the PSS  78 and P e r k i n  and W a l k e r  (1972) calculated from  the same measured values at
pressures o f  0, 500, 1000, and 2000 dbar

P ressure , 0  dbar
36—,
3 4 - +  46 - 9 - 2 8 - 3 2 - 3 2 - 3 4 - 3 7 - 3 8 - 3 6 - 3 1 - 2 6 - 2 0 - 1 3 - 7 +  0 +  7 +  14 +  23 +  34 + 4 9 +  68
3 2 - +  49 - 4 - 2 2 - 2 5 - 2 4 - 2 5 - 2 8 - 2 9 - 2 7 - 2 3 - 1 9 - 1 4 - 9 - 4 +  1 +  6 +  11 +  17 +  26 +  38 +  55
3 0 - +  52 +  0 - 1 6 - 1 9 - 1 7 - 1 7 - 2 0 - 2 2 - 2 0 - 1 7 - 1 3 - 9 - 5 - 2 +  1 +  4 +  8 +  12 +  19 +  28 + 4 3
2 8 - +  54 +  3 - 1 2 - 1 4 - 1 2 - 1 2 - 1 4 - 1 6 - 1 5 - 1 2 - 9 - 6 - 3 +  0 +  2 +  3 +  5 +  8 +  13 +  21 +  33
26— +  55 +  6 - 9 - 1 0 - 7 - 7 - 1 0 - 1 2 - 1 1 - 8 - 6 - 3 - 1 +  1 +  2 +  3 +  3 +  5 +  8 +  14 +  25
24— +  56 +  7 - 6 - 7 - 4 - 4 - 6 - 8 - 7 - 5 - 3 - 1 +  0 +  1 +  2 +  2 +  2 +  2 +  5 +  9 +  18
22— +  56 +  8 - 5 - 5 - 2 - 1 - 4 - 6 - 5 - 3 - 2 +  0 +  1 +  2 +  2 +  1 +  1 +  1 +  2 +  6 +  13

20— +  56 ! +  9 - 4 - 4 +  0 +  0 - 2 - 4 - 4 - 2 - 1 +  1 +  2 +  2 +  2 +  1 +  0 +  0 +  0 +  3 +  10
18— +  56 +  9 - 3 - 3 +  1 +  1 - 1 - 3 - 3 - 2 +  0 +  1 +  2 +  2 +  2 +  1 +  0 +  0 +  0 +  2 +  7
16— +  55 1 + 9 - 3 - 3 +  1 +  2 - 1 - 3 - 3 - 2 +  0 +  1 +  2 +  2 +  2 +  2 +  1 +  0 +  0 +  1 +  5
14—1 +  55 1 + 8 - 4 - 3 +  1 +  2 - I - 3 - 3 - 2 - 1 +  0 +  1 +  2 +  2 +  2 +  1 +  1 + 0 +  1 +  4
12— +  54 ! + 8 - 4 - 4 +  0 +  1 - I - 4 - 4 - 3 - 1 + 0 +  1 +  2 +  2 +  3 +  2 +  2 +  1 +  1 +  4
1 0 - +  53 1 + 7 - 5 - 4 - 1 +  1 - 2 - 4 - 4 - 3 - 2 - 1 +  0 +  1 +  2 +  3 +  3 +  3 +  2 +  2 +  3
8— +  52 1 + 6 - 6 - 5 - 1 +  0 - 2 - 5 - 5 - 4 - 3 - 2 - 1 +  1 +  2 +  3 +  4 +  3 +  2 +  1 +  1
6 - +  50 ! + 5 - 7 - 6 - 2 - 1 - 3 - 6 - 6 - 5 - 5 - 3 - 2 +  0 +  1 +  3 +  4 +  3 +  2 +  0 - 1
4— +  49 +  5 - 7 - 6 - 2 - 1 - 3 - 6 - 7 - 7 - 6 - 5 - 4 - 2 +  0 +  2 +  2 +  2 +  0 - 2 - 6
2— +  48 1 + 4 - 7 - 6 - 2 - 1 - 4 - 7 - 8 - 8 - 8 - 7 - 6 - 4 - 2 - 1 +  0 - 1 - 3 - 8 - 1 3
0— +  51 1 + 8  

1
- 4 - 2 +  2 +  3 +  0 - 3 - 5 - 6 - 6 - 6 - 6 - 4 - 3 - 1 - 1 - 3 - 7 - 1 3 - 2 1

- 2 —
- 4 —

0

+  70 +  27 +  16 +  18 +  22 +  23 +  20 +  16 +  14 +  12 +  11 +  10 +  10 +  10 +  11 +  12 +  11 +  8 + 2 - 6 - 1 7

1
2

1
4

1
6

1
8

1
10

1
12

1
14 16

1
18 20 22 

Salinity , pp t

1
24

1
26

1
28

1
30

1
32

1
34

1
36

1
38 40

1
42



T
em

pe
ra

tu
re

,

36—, 500 d bar
34—
32— - 4 +  0 +  5 +  10 +  18 +  29
30— - 3 - 1 +  2 +  5 +  11 +  20
2 8 - - 3 - 2 - 1 +  1 +  5 +  12
26— - 3 - 3 - 3 - 2 +  0 +  5
24— - 3 - 4 - 5 - 5 - 4 +  0
22— - 3 - 4 - 6 - 7 - 6 - 3
20— - 3 - 5 - 6 - 8 - 8 - 6
18— - 3 - 5 - 7 - 8 - 9 - 8
16— - 4 - 5 - 6 - 8 - 9 - 9
14— - 4 - 5 - 6 - 8 - 9 - 9
12— - 4 - 4 - 6 - 7 - 8 - 9
10— - 4 - 4 - 5 - 6 - 8 - 9
8— - 5 - 4 - 5 - 6 - 8 - 1 0
6— - 6 - 5 - 5 - 7 - 9 - 1 1
4— - 8 - 7 - 7 - 8 - 1 1 - 1 5
2— - 1 1 - 1 0 - 1 0 - 1 2 - 1 6 - 2 1
0— - 1 2 - 1 2 - 1 2 - 1 5 - 2 0 - 2 7

- 2 —
- 4 —

0

+  1 +  0 - 1 - 5 - 1 2 - 2 1

1
30

1
32

1
34

1
36

1
38

1
40

See foo tno te to  T ab le 3.

Table  4— continued

- 5 - 1

1Ó00 db ar 

+  3 + 8 +  15 +  26 +  3 +  7

2000 db ar 

+  10 + 1 5 +  22 +  32

42— 
40— 
38— 
3 6 -

+  6 
+  1 
+  0 
+  0

+  10 
+  3 
+  0 
+  0

+  16 
+  7 
+  2 
+  0

- 4 - 2 +  0 +  3 +  8 +  16 +  4 +  6 +  8 +  11 +  15 +  23 3 4 - +  1 +  0 +  0
- 4 - 4 - 3 - 1 +  2 +  8 +  5 +  6 +  6 +  7 +  10 +  16 3 2 - +  2 +  1 +  0
- 4 - 4 - 5 - 5 - 3 +  2 +  6 +  5 +  5 +  5 +  6 +  10 3 0 - +  2 +  2 +  0
- 4 - 5 - 6 - 7 - 7 - 3 +  7 +  6 + 4 +  3 +  3 +  6 2 8 - +  2 +  2 +  0
- 4 - 6 - 7 - 9 - 9 - 7 +  8 +  6 +  4 +  2 +  1 +  3 2 6 - +  2 +  2 - 1
- 4 - 6 - 8 - 1 0 - 1 1 - 9 +  8 +  6 +  4 +  2 +  1 +  2 2 4 - +  1 +  1 - 3
- 4 - 6 - 8 - 1 0 - 1 2 - 1 1 +  9 +  7 +  5 +  3 +  1 +  1 2 2 - +  0 - 1 - 4
- 4 - 6 - 8 - 1 0 - 1 2 - 1 2 +  10 +  8 +  6 +  4 + 2 +  1 D.Cl 2 0 - - 2 - 2 - 7
- 4 - 6 - 7 - 1 0 - 1 1 - 1 2 +  11 +  10 +  8 +  5 +  3 +  2 1 8 - - 3 - 4 - 9
- 4 - 5 - 7 - 9 - 1 1 - 1 2 +  12 +  11 +  9 +  7 +  5 +  4 5 1 6 - - 3 - 4 - 9
- 4 - 5 - 6 - 8 - 1 0 - 1 2 +  12 +  12 +  11 +  9 +  7 +  5 1 1 4 - - 1 - 2 - 7
- 5 - 5 - 6 - 8 - 1 0 - 1 3 +  13 +  13 +  12 +  10 +  8 +  6 1 2 - +  2 +  0 - 4
- 6 - 6 - 7 - 8 - 1 1 - 1 4 +  12 +  13 +  12 +  11 +  8 +  5 1 0 - +  1 +  0 - 5
- 8 - 8 - 9 - 1 0 - 1 4 - 1 8 +  11 +  12 +  12 +  10 +  7 +  3 8 - - 3 - 3 - 7

- 1 2 - 1 1 - 1 2 - 1 4 - 1 8 - 2 4 +  9 +  10 +  9 +  8 +  4 - 2 6 - - 3 - 4 - 7
- 1 3 - 1 3 - 1 4 - 1 7 - 2 2 - 3 0 +  8 +  9 +  8 +  6 +  1 - 7 4— +  9 +  9 +  7

- 1 - 1 - 4 - 8 - 1 5 - 2 5 +  21 + 21 +  20 +  16 +  9 +  0 2— +  55 +  56 +  56
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Table 5. Values fo r  A F  (%ox IO3)- the salinity difference between the PSS  78 and B e n n e t t  (1916) calculated from  the same measured values at pressures o f
0, 1000, 2000, and 5000 dbar

P ressure , 0 db ar

36 -1

3 4 - +  18 \ + 2 0 +  28 +  31 +  31 +  27 +  21 +  13 +  6 +  0 - 6 - 1 1 - 1 5 - 1 7 - 2 0 - 2 2 - 2 4 - 2 6 - 2 8 - 3 0 - 3 2  1
3 2 - +  20 1 + 2 3 +  32 +  37 +  37 +  35 +  30 +  23 +  17 +  12 +  7 +  3 +  0 - 2 - 3 - 5 - 6 - 8 - 1 0 - 1 1 - 1 3  i
3 0 - +  20 1 + 2 5 +  34 +  40 +  41 +  39 +  35 +  29 +  24 +  19 +  14 +  11 +  9 +  7 +  6 +  4 +  3 +  2 +  0 - 2 - 3  1
2 8 - +  21 ! + 2 5 +  35 +  41 +  43 +  41 +  37 +  32 +  27 +  22 +  18 +  15 +  12 +  11 +  9 +  8 +  7 +  5 +  3 +  1 - 1  !
2 6 - +  21 1 +  25 +  35 +  42 +  43 +  42 +  38 +  33 +  27 +  23 +  19 +  15 +  13 +  11 +  10 +  9 +  7 +  5 +  3 +  1 - 2  i
2 4 - +  21 I + 2 5 +  35 +  41 +  43 +  41 +  37 +  32 +  27 +  22 +  18 +  15 +  12 +  10 +  9 +  7 +  5 +  3 +  1 - 2 - 5  1
22— +  21 1 + 2 5 +  34 +  40 +  42 +  40 +  36 +  31 +  26 +  21 +  17 +  14 +  11 +  9 +  7 +  5 +  3 +  1 - 2 - 5 - 8  1
20— +  21 \ + 2 4 +  34 +  40 +  41 +  39 +  35 +  30 +  25 +  20 +  16 +  12 +  10 +  7 +  6 +  4 +  2 - 1 - 4 - 7 - 1 0  ¡
18— +  20 1 + 2 4 +  33 +  39 +  40 +  38 +  34 +  29 +  24 +  19 +  15 +  11 + 9 +  7 +  5 +  3 +  1 - 2 - 5 - 8 - 1 1  1
16— +  20 1 + 2 3 +  32 +  38 +  39 +  38 +  34 +  28 +  23 +  18 +  14 +  11 +  8 +  6 +  5 +  3 +  1 - 2 - 5 - 8 - 1 1  1
14— +  20 ! + 2 3 +  32 +  37 +  39 +  37 +  33 +  28 +  23 +  18 +  14 +  11 +  8 +  7 +  5 +  3 +  1 - 1 - 4 - 7 - i o  1
12— +  20 1 + 2 2 +  31 +  37 +  38 +  36 +  32 +  27 +  22 +  18 +  14 +  11 +  9 +  7 +  6 +  4 +  2 +  0 - 2 - 6 - 9  i
10— +  20 1 + 2 2 +  30 +  36 +  38 +  36 +  32 +  27 +  22 +  18 +  14 +  11 +  9 +  7 +  6 +  5 +  3 +  1 - 2 - 5 - 8  1
8— +  20 1 + 2 2 +  30 +  35 +  37 +  35 +  31 +  26 +  21 +  17 +  13 +  10 +  8 +  7 +  6 +  4 +  3 +  1 - 2 - 5 - 8  1

6— +  19 1 + 21 +  29 +  35 +  36 +  34 +  30 +  25 +  20 +  16 +  12 + 9 +  7 +  6 +  4 +  3 +  1 - 1 - 3 - 6 - i o  1
4 - +  19 1 + 21 +  29 +  34 +  36 +  34 +  30 +  25 +  19 +  15 +  11 +  8 +  6 +  4 +  2 +  1 - 1 - 3 - 6 - 9 - 1 3  1
2— +  20 1 + 21 +  29 +  34 +  36 +  34 +  29 +  24 +  19 +  14 +  10 +  7 +  4 +  2 +  1 - 1 - 3 - 6 - 9 - 1 3 - 1 7  1
0— +  20 +  22 +  30 +  35 +  37 +  35 +  31 +  26 +  20 +  16 +  11 +  8 +  5 +  3 +  1 - 1 - 4 - 7 - 1 1 - 1 5 - 1 9  1

- 2 — +  21 +  24 +  33 +  39 +  41 +  39 +  36 +  31 +  26 +  21 +  17 +  14 +  11 +  9 +  7 +  5 +  2 - 2 - 6 - 1 0 - 1 5
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36—1 1000 d b a r
34—
32— — 2 - 3 - 4 - 5 - 6 - 7
3 0 - +  7 +  6 +  6 +  4 +  3 +  2
2 8 - +  11 +  10 +  9 +  8 +  6 +  5
2 6 - +  12 +  11 +  10 +  8 +  6 +  4
24— +  11 +  10 +  8 +  6 +  4 +  1
22— +  10 +  8 +  6 +  4 +  1 - 2
20— +  9 +  7 +  5 +  2 - 1 - 4

u 18— +  8 +  6 +  4 +  1 - 2 - 6

22 1 6 - +  8 +  6 +  4 +  1 - 2 - 6
D
rt 14— +  8 +  6 +  4 +  2 - 1 - 5

8. 12— +  8 +  7 +  5 +  3 +  0 - 4
E 10— +  8 +  7 +  5 +  3 +  0 - 3

£ 8— +  8 +  6 +  5 +  2 +  0 - 3
6— +  6 +  4 +  3 +  1 - 2 - 5
4 — +  3 +  2 + 0 - 3 - 5 - 9
2— +  0 - 1 - 3 - 6 - 9 - 1 3
0— - 1 - 3 - 5 - 7 - 1 1 - 1 5

- 2 —  
— 4—

+  4 +  2 +  0 - 3 - 6 - 1 0

1 I 1 1 1 1
30 32 34 36 38 40

See foo tno te to  T able 3.

Table 5— continued

- 2 - 2

2000 db ar 

- 3  - 4 - 5 - 5 - 3 - 4

5000 db ar 

- 4  - 5 - 6 - 7

4 2 - ,  
40— 
38— 
36—

- 1 1
- 8
- 4
- 1

- 1 1
- 8
- 4
- 1

- 1 0
- 7
- 4
- 1

+  8 +  7 +  7 +  6 +  5 +  4 +  8 +  7 +  6 +  4 +  3 +  1 3 4 - +  1 +  1 +  1
+  13 +  12 +  11 +  9 +  8 +  6 +  14 +  12 +  10 +  8 +  5 +  2 3 2 - +  3 +  3 +  3
+  14 +  13 +  11 +  9 +  7 +  5 +  17 +  14 +  11 +  8 +  4 +  0 3 0 - +  5 +  5 +  5
+  13 +  12 +  10 +  8 +  5 +  2 +  17 +  14 +  10 +  6 +  1 - 4 2 8 - +  7 +  7 +  7
+  12 +  10 +  8 +  5 +  2 - 1 +  17 +  13 +  9 +  4 - 2 - 8 2 6 - +  9 +  9 + 9
+  11 +  9 +  6 +  3 +  0 - 4 +  17 +  12 +  7 +  2 - 5 - 1 2 2 4 - +  11 +  12 +  12
+  10 +  8 +  6 +  2 - 1 - 5 +  17 +  12 +  7 +  0 - 6 - 1 4 « 2 2 - +  14 +  15 +  15
+  10 +  8 +  5 +  2 - 2 - 6 +  17 +  12 +  7 +  0 - 7 - 1 5 ex 2 0 - +  18 +  20 +  20
+  11 +  8 +  6 +  3 - 1 - 5 +  18 +  13 +  7 +  1 - 7 - 1 5 1 8 - +  23 +  24 +  25
+  11 +  9 +  7 +  4 +  0 - 4 +  19 +  14 +  8 +  1 - 6 - 1 4 c 1 6 - +  29 +  30 +  30
+  11 +  9 +  7 +  4 +  0 - 4 +  18 +  14 +  8 +  2 - 6 - 1 4

rtc/> 1 4 - +  34 +  35 +  36
+  10 +  8 +  6 +  3 +  0 - 4 +  17 +  13 +  7 +  1 - 6 - 1 5 1 2 - +  38 +  39 +  40

+  7 +  6 +  4 +  1 - 2 - 6 +  15 +  10 +  5 - 1 - 9 - 1 7 1 0 - +  40 +  41 +  42
+  4 +  2 +  0 - 2 - 6 - 1 0 +  11 +  7 +  2 - 5 - 1 2 - 2 0 8— +  38 +  39 +  40
+  1 - 1 - 3 - 6 - 1 0 - 1 4 +  7 +  3 - 2 - 8 - 1 6 - 2 4 6— +  32 +  33 +  34
- 1 - 3 - 5 - 8 - 1 2 - 1 6 +  5 +  1 - 4 - 1 0 - 1 7 - 2 5 4— +  23 +  24 +  25
+  2 +  1 - 1 - 4 - 7 - 1 1 +  8 +  4 +  0 - 5 - 1 2 - 1 9 2 - +  20 +  20 +  21

!
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Table 6. Values fo r  A F  (”/*, x  IO3), the salinity difference between the PSS 78 and R ibe and Howe  (1975) calculated from  the same measured values at pressures
of 0, 1000, 2000, and 5000 dbar

y  1 8 -

8.S

Pressure , 0  d b a r
3 6 - ,
3 4 - +  88 +  49 +  22 +  5 - 5 - 1 1 - 1 4 - 1 5 - 1 4 - 1 3 - 1 1 - 1 0 - 9 - 8 - 7 - 8 - 9 - 1 0

3 2 - +  98 +  58 +  32 +  15 +  4 - 2 - 6 - 7 - 7 - 6 - 5 - 4 - 3 - 3 - 3 - 4 - 5 - 7

3 0 - +  66 +  40 +  22 +  11 +  4 1 + 1 - 1 - 1 - 1 +  0 +  0 +  1 +  0 + 0 - 2 - 4 ! ~ 6
2 8 - +  74 +  46 +  28 +  17 +  10 ! + 6 +  4 +  3 +  3 +  3 +  3 +  3 +  2 +  1 - 1 - 3 1 " 6
2 6 - +  80 +  52 +  33 +  21 +  14 1 + 9 +  7 +  5 +  5 +  4 +  4 +  3 +  2 +  1 - 1 - 4 1 - 7

24— +  85 +  57 +  38 +  25 +  17 1 + 1 2 +  9 +  7 +  6 +  5 +  4 +  3 + 2 +  0 - 2 - 5 1 - 8

2 2 - +  90 +  61 +  41 +  28 +  19 ! + 1 4 +  10 +  8 +  6 +  5 +  4 +  3 +  1 - 1 - 3 - 6 1 ~ 9
2 0 - +  94 +  64 +  44 +  30 +  21 1 + 1 5 +  11 +  8 +  7 +  5 +  4 + 2 +  1 - 1 - 4 - 7 1 - 1 0

18— +  97 +  67 +  46 +  32 +  22 1 + 1 6 +  12 +  9 +  7 +  5 +  4 +  2 +  0 - 2 - 5 - 7 1 - 1 1

1 6 - +  99 +  68 +  47 +  33 +  23 ! + 1 6 +  12 +  9 +  7 +  5 +  4 +  2 +  0 - 2 - 5 - 7 1 " 10
1 4 - +  99 +  69 +  48 +  33 +  24 +  17 +  12 +  9 +  7 +  5 +  4 +  2 +  0 - 2 - 4 - 7 1 “ 9
1 2 - +  98 +  68 +  47 +  33 +  23 1 + 1 7 +  13 +  10 +  8 +  6 +  5 +  3 +  1 - 1 - 3 - 5 1 - 8

1 0 - +  95 +  66 +  45 +  32 +  22 1 + 1 6 +  13 +  10 +  8 +  7 +  6 +  4 +  3 +  1 - 1 - 4 I ~ 6
8 - +  88 +  60 +  41 +  28 +  20 ! + 15 +  12 +  10 +  8 +  7 +  6 +  5 +  4 + 2 +  0 - 2 j - 5

6— +  77 +  51 +  34 +  23 +  16 1 + 1 2 +  10 +  9 +  8 +  8 +  7 +  6 +  5 +  3 +  1 - I 1 - 4
4 - + 9 6 +  60 +  37 +  22 +  13 + 9 1 + 6 +  6 +  6 +  6 +  6 +  6 +  6 +  5 +  3 +  1 - 2 1 - 6

2 - +  67 +  36 +  16 +  5 - 1 - 3 ' - 3 - 2 +  0 +  2 +  3 +  4 + 3 +  2 + 0 - 3 - 6 1
0 - +  70 + 2 7 +  1 - 1 4 - 2 0 - 2 2 - 2 1 1 _ 1 7 - 1 4 - 1 0 - 6 - 4 - 3 - 3 - 4 - 6 - 1 0 - 1 5 1 - 2 1

- 2 — +  69 + 7  - 2 9 - 4 8 - 5 5 - 5 6 - 5 2 - 4 6 - 3 9 - 3 2 - 2 6 - 2 0 - 1 7 - 1 4 - 1 4 - 1 6 - 1 9 - 2 4 - 3 1 - 3 9

—4 — 
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36—, 1000 d b a r
3 4 -
3 2 - +  0 +  1 +  1 +  1 +  0 - 2
3 0 - +  4 +  4 +  4 +  3 +  1 - 1
2 8 - +  6 +  6 +  5 +  3 +  1 - 2
2 6 - + 7 +  6 +  5 +  3 + 0 - 3
2 4 - +  7 +  5 +  4 +  2 - 1 - 5
2 2 - +  6 +  5 +  3 + 0 - 3 - 7
2 0 - +  5 + 4 +  2 - 1 - 4 - 8
1 8 - +  5 +  3 +  1 - 2 - 6 - 9
1 6 - +  4 +  2 +  0 - 3 - 6 - 1 0
14— +  4 +  2 +  0 - 3 - 6 - 1 0
1 2 - +  5 +  3 + 0 - 2 - 6 - 1 0
1 0 - +  6 +  4 +  1 - 1 - 5 - 9
8— +  6 +  5 +  2 - 1 - 4 - 8
6— +  6 +  5 +  3 + 0 - 4 - 8
4— +  6 +  4 +  2 - 1 - 5 - 1 0
2— +  3 +  2 - 1 - 4 - 9 - 1 5
0 — - 4 - 5 - 7 - 1 1 - 1 7 - 2 4

- 2 — - 1 6 - 1 7 - 1 9 - 2 4 - 3 2 - 4 1

1
30

1
32

1
34

1
36

1
38

1
40

See foo tno te  to  T ab le  3.

Table  6— continued

2000 d b a r

+  4 +  5 +  5 +  5 +  3 +  1
+  7 +  8 +  7 +  6 +  4 +  1
+  9 +  9 +  8 +  6 +  4 +  0

+  10 +  9 +  7 +  5 +  2 - 1
+  9 +  8 +  6 +  4 +  0 - 4
+  9 +  7 +  5 +  2 - 2 - 6
+  8 +  6 +  3 +  0 - 4 - 8
+  7 +  5 +  2 - 1 - 5 - 1 0
+  6 +  4 +  1 - 2 - 6 - 1 1
+  6 +  4 +  1 - 2 - 7 - 1 1
+  7 +  4 +  1 - 2 - 6 - 1 1
+  7 +  5 +  2 - 2 - 6 - 1 1
+  8 +  6 +  3 - 1 - 5 - 1 1
+  8 +  6 +  3 +  0 - 5 - 1 1
+ 7 +  6 +  3 - 1 - 7 - 1 3
+  4 +  3 +  0 - 5 - 1 1 - 1 8
- 2 - 3 - 7 - 1 2 - 1 9 - 2 8

- 1 4 - 1 5 - 1 9 - 2 5 - 3 4 - 4 5

1
30

1
32

1
34

1
36

1
38

1
40

Salinity , p p t

42— - 9 - 1 0 - 1 0
5000 db ar 40— - 6 - 6 - 6

3 8 - - 3 - 4 - 3
+  14 +  15 +  15 +  14 +  12 +  10 3 6 - - 1 - 1 - 1
+  16 +  17 +  16 +  15 +  12 +  8 3 4 - +  1 +  1 +  1
+  17 +  17 +  16 +  14 +  10 +  6 3 2 - +  3 +  3 +  2
+  17 +  16 +  15 +  12 +  8 +  3 3 0 - +  4 +  4 +  3
+  16 +  15 +  13 +  10 +  5 +  0 2 8 - +  6 +  6 +  4
+  15 +  14 +  11 +  7 +  2 - 4 2 6 - +  8 +  7 +  5
+  14 +  12 +  9 +  5 + 0 - 7 2 4 - +  10 +  9 +  6
+  13 +  11 +  7 +  3 - 3 - 9 2 2 - +  13 +  11 +  8
+  12 +  10 +  6 +  2 - 4 - 1 1

ex
(X 2 0 - +  17 +  15 +  11

+  12 +  10 +  6 +  1 - 5 - 1 2 1 8 - +  24 +  21 +  16
+  13 +  10 +  6 + 1 - 5 - 1 2 'B 1 6 - +  33 +  30 +  24
+  14 +  11 +  7 +  2 - 4 - 1 2 § 1 4 - +  48 +  44 +  37
+  15 +  13 +  9 +  4 - 3 - 1 1 1 2 - +  69 +  64 +  56
+  16 +  14 +  10 +  5 - 3 - 1 1 1 0 - +  99 +  94 +  85
+  16 +  14 +  10 +  5 - 3 - 1 3 8—
+  15 +  13 +  9 +  3 - 6 - 1 7 6—
+  10 +  9 +  4 - 3 - 1 3 - 2 6 4—

+  1 +  0 - 5 - 1 4 - 2 6 - 4 1 2—

1
30

1

32
1

34
1

36
1

38
1

40
1
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Table 7. Values fo r  A F  (%ox  IO3), the salinity difference between the PSS  78 and F e d o r o v  ( 1971) calculated from  the same measured values a t pressures o f  0,
500, 1000, and 2000 dbar

36— P ressure , 0  db ar
34— +  28 +  38 +  53 +  64 +  69 +  70 +  69 +  67 +  65 +  64 +  64 +  65 +  68 +  72 +  77 +  81 +  86 +  90 +  94 +  97 +  99
32— +  26 +  34 +  48 +  57 +  61 +  61 +  58 +  55 +  51 +  49 +  47 +  47 +  48 +  50 +  53 +  56 +  59 +  61 +  63 +  64 +  64

30— +  24 +  31 +  43 +  51 +  53 +  52 +  49 +  44 +  40 +  36 +  34 +  32 +  32 +  33 +  34 +  36 1 + 3 7 +  38 +  38 +  37 +  35
28— +  22 +  28 +  39 +  46 +  47 +  46 +  41 +  36 +  31 +  26 +  23 +  21 +  20 +  19 +  20 +  20 ¡ + 2 0 +  20 +  18 +  16 +  13
26— +  21 +  26 +  36 +  42 +  43 +  41 +  36 +  30 +  24 +  19 +  15 +  12 +  11 +  10 +  9 +  8 1 + 7 +  5 +  4 +  1 - 3
24— +  20 +  24 +  33 +  39 +  40 +  37 +  32 +  26 +  20 +  15 +  10 +  7 +  5 +  3 +  2 +  1 1 - 1 - 3 - 6 - 9 - 1 4
22— +  20 + 2 3 +  32 +  37 +  38 +  35 +  30 +  24 +  18 +  12 +  8 +  4 +  2 +  0 - 2 - 3 1 - 5 - 8 - 1 1 - 1 5 - 1 9
20— +  20 +  23 +  31 +  36 +  37 +  34 +  29 +  24 +  18 +  12 +  8 +  4 +  1 - 1 - 3 - 4 ! “ 6 - 9 - 1 2 - 1 6 - 2 1
18— +  20 +  22 +  31 +  36 +  37 +  35 +  30 +  25 +  19 +  14 +  9 +  6 +  3 +  1 - 1 - 3 1 ~ 5 - 7 - 1 1 - 1 4 - 1 9
16— +  20 +  23 +  31 +  37 +  38 +  36 +  32 +  27 +  21 +  16 +  12 +  9 +  6 +  4 +  3 +  1 1 - 1 - 4 - 7 - 1 0 - 1 4
14— +  20 +  23 +  32 +  38 +  40 +  38 +  35 +  30 +  25 +  20 +  16 +  13 +  11 +  9 +  7 +  6 ! + 4 +  1 - 2 - 5 - 8
1 2 - +  21 +  24 +  34 +  40 +  42 +  41 +  38 +  33 +  28 +  24 +  20 +  18 +  15 +  13 +  12 +  10 1 + 8 +  6 +  4 +  1 - 2
ID— +  21 +  25 +  35 +  42 +  44 +  44 +  41 +  37 +  32 +  28 +  24 +  21 +  19 +  17 +  16 +  14 1 + 1 2 +  10 +  7 +  5 +  2
8 - +  22 +  26 +  36 +  43 +  46 +  46 +  43 +  39 +  35 +  31 +  27 +  24 +  21 +  19 +  17 +  15 1 + 1 2 +  10 +  7 +  5 +  3
6 - +  23 +  27 +  37 +  45 +  48 +  47 +  44 +  40 +  36 +  31 +  27 +  23 +  20 +  17 +  14 +  11 1 + 8 +  5 +  2 - 1 - 4
4 — +  23 +  28 +  38 +  45 +  48 +  47 +  44 +  39 +  34 +  28 +  23 +  18 +  14 +  10 +  5 +  1 1 ~ 3 - 8 - 1 2 - 1 6 - 1 9
2— +  24 +  28 +  37 +  44 +  46 +  44 +  40 +  34 +  27 +  20 +  14 +  7 +  1 - 6 - 1 2 - 1 8 1 - 2 5 - 3 1 - 3 8 - 4 4 - 4 8
0— +  24 +  27 +  35 +  40 +  41 +  38 +  32 +  24 +  15 +  6 - 4 - 1 3 - 2 2 - 3 1 - 4 1 - 5 0 1 - 6 0  

1
- 7 0 - 7 9 - 8 8 - 9 5

- 2 - +  23 +  24 +  31 +  34 +  32 +  26 +  18 +  7 - 5 - 1 8 - 3 1 - 4 4 - 5 7 - 7 1 - 8 5 - 9 9
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3 6 - 500 d b a r
3 4 -
3 2 - +  52 +  56 +  60 +  63 +  66 +  68
3 0 - +  31 +  34 +  36 +  38 +  39 +  39
2 8 - +  15 +  16 +  17 +  18 +  17 +  16
2 6 - +  3 +  3 +  3 +  3 +  2 +  0
2 4 - - 5 - 6 - 6 - 7 - 9 - 1 1
2 2 - - 1 0 - 1 1 - 1 2 - 1 3 - 1 5 - 1 7
2 0 - - 1 2 - 1 2 - 1 3 - 1 5 - 1 7 - 1 9
1 8 - - 1 1 - 1 1 - 1 2 - 1 4 - 1 6 - 1 8
1 6 - - 8 - 9 - 9 - 1 0 - 1 2 - 1 4
1 4 - - 4 - 5 - 5 - 6 - 7 - 8
12— +  0 - 1 - 1 - 2 - 2 - 3
1 0 - +  2 +  2 +  1 +  1 +  0 +  0
8 - +  2 +  2 +  1 +  0 +  0 - 1
6 - - 2 - 4 - 5 - 6 - 7 - 8
4— - 1 3 - 1 6 - 1 8 - 2 1 - 2 3 - 2 4
2 - - 3 3 - 3 8 - 4 3 - 4 7 - 5 1 - 5 4
0— 

- 2 — 
_ 4_

- 6 6 - 7 4 - 8 2 - 8 9 - 9 6

1 1 1 1 1 1
30 32 34 36 38 40

See foo tno te to  T ab le 3.

Table  7— continued

42— - 1 1 - 1 1 - 1 2
1000 db ar 2000 d bar 40— - 7 - 8 - 7

38— - 4 - 4 - 4
+  53 +  58 +  63 +  67 +  72 +  75 +  66 +  73 +  81 +  89 +  96 36— - 1 - 1 - 1
+  30 +  34 +  37 +  40 +  42 +  44 +  40 +  46 +  52 +  58 +  64 +  69 34— +  1 +  1 +  1
+  13 +  15 +  17 +  19 +  20 +  20 +  21 +  25 +  30 +  35 +  39 +  43 32— +  3 +  3 +  2

+  0 +  1 +  2 +  3 +  3 +  3 +  6 +  10 +  14 +  18 +  22 +  25 30— +  5 +  4 +  3
- 9 - 9 - 8 - 8 - 8 - 9 - 4 +  0 +  3 +  7 +  10 +  13 28— +  6 +  5 +  4

- 1 4 - 1 4 - 1 4 - 1 4 - 1 4 - 1 5 - 9 - 6 - 2 +  1 +  4 +  7 26— +  8 +  7 +  6
- 1 6 - 1 6 - 1 6 - 1 6 - 1 6 - 1 7 - 1 1 - 8 - 4 +  0 +  4 +  7 2 4 - +  10 +  9 +  8
- 1 6 - 1 5 - 1 5 - 1 4 - 1 4 - 1 5 - 1 0 - 6 - 2 +  2 +  7 +  11 2 2 - +  14 +  12 +  12
- 1 3 - 1 2 - 1 1 - 1 1 - 1 0 - 1 0 - 7 - 2 +  2 +  7 +  12 +  18

CL
CL 2 0 - +  18 +  16 +  16

- 9 - 8 - 7 - 6 - 5 - 4 - 2 +  2 +  8 +  14 +  20 +  26 1 8 - +  22 +  21 +  21
- 6 - 4 - 3 - 2 +  0 +  2 +  2 +  7 +  13 +  20 +  27 +  34 1 6 - +  28 +  27 +  27
- 3 - 2 +  0 +  1 +  3 +  5 +  5 +  11 +  17 +  25 +  32 +  41 V ) 14— +  33 +  32 +  33
- 4 - 3 - 1 +  1 +  3 +  5 +  4 +  11 +  18 +  25 +  34 +  43 1 2 - +  37 +  37 +  38
- 9 - 9 - 7 - 6 - 4 - 2 - 1 +  5 +  12 +  20 +  28 +  38 1 0 - +  39 +  39 +  40

- 2 1 - 2 2 - 2 2 - 2 1 - 2 1 - 1 9 - 1 4 - 9 - 3 +  4 +  13 +  22 8 - +  37 +  38 +  39
- 4 3 - 4 5 - 4 7 - 4 9 - 5 0 - 4 9 - 3 7 - 3 4 - 2 9 - 2 4 - 1 7 - 8 6 - +  32 +  32 +  34
- 7 8 - 8 3 - 8 8 - 9 3 - 9 6 - 9 9 - 7 5 - 7 4 - 7 2 - 6 9 - 6 4 - 5 8 4 -

2 -
+  23 
+  20

+  23 
+  20

+  25 
+  21

__orr
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Table 8 . Conversion o f  sample profile from  R i b e  and H ow e  (1975) to PSS 1978

(S '-S )”/*, x IO3

Pressure i(dbar) t 68°c Salinity (•/„,) AF%o x IO3 AK M ethod AS M ethod

0 10.470 32.610 4.2 3.7 3.7
20 9.810 32.620 4.6 4.1 4.1
30 8.480 32.650 5.6 5.1 5.1
50 6.480 32.700 6.4 5.9 5.9
75 5.300 32.740 6.5 6.0 6.0

100 4.730 32.790 6.5 6.0 6.0
500 3.590 34.120 3.1 2.6 2.6

1000 2.850 34.390 1.1 0.6 0.6
2000 1.960 34.590 - 0 .5 - 1 .0 - 1 .0
4000 1.520 34.680 - 1 .2 - 1 .7 - 1 .7

T he bo ttle  sam ple was collected at 1000 m and analysed a t 16°C to  give the 3 4 . 3 9 value.  F rom  Table 6 (Ribe 
and  H o w e ) A G b =  0.6, A FB (1000 dbar) =  1.1 to give (1 — K'/K.) =  1.3 x l( j~ 5 (refer to equation  9).

In  th is case, the AK an d  AS m ethods differ by 0.003 salin ity . N ow  using (9), (10) can be 
rew ritten ; S' —S =  AF — (1 — K '/K X a S g + b S g )  an d  com parison  w ith (8) show s th a t it is the 
difference betw een S and  SB th a t has allow ed the results o f the two m ethods to  be different. 
I t is also  clear th a t if bS 2 is neglected w ith respect to  aS th a t a AS correc tion  p ro p o rtio n a l to 
S w ou ld  be b e tte r  than  the com m only  used sim ple additive co n s tan t.

T ab le  8 show s the conversion  from  R i b e  a n d  H o w e  (1975) o f a sam ple profile taken  at 
O cean  S ta tion  P  in the N o rth  Pacific, 50°N , 145°W  (July m eans). In  this case the small 
range o f  salin ity  values resu lts in iden tical AK an d  AS corrections.

R E C O M M E N D A T I O N S  F O R  D A T A  C O N V E R S I O N

F ro m  the above tables an d  exam ples it can  be seen th a t m uch  previously  archived d a ta  in 
the oceanic range of salinities (33 to  37%0) will be w ithin ±0.01% o o f salinity  com pu ted  by 
the PSS  78 from  the sam e m easurem ents. L e w i s  an d  P e r k i n  (1978) have estim ated  th a t 
± 0 .0 1  is near the lim it o f accuracy achievable by the p resen t C T D  m achines b u t the 
resu lting  profile is often ca lib ra ted  to  closer lim its by single o r m ultip le  bo ttle  sam ple 
analyses. A lternatively , m any  deep-sea o cean o g rap h ers  have used h istorical values as fixed 
po in ts  th ro u g h  w hich the ir m easured  profiles m u st pass. A typical salinity  profile w ith an 
accuracy  in salin ity  of ± 0 .0 1 , precision  ± 0 .0 0 3 , an d  reso lu tio n  o f ± 0 .0 0 2  is ‘pegged’ by 
assum ing  the h isto rical value at, say, 4000 m , is ‘c o rre c t’. T his m eans th a t the archived 
d a ta  will be assum ed to  be ‘a c cu ra te ’ to  w ith in  0.002. O ver the years the re la tionsh ip  
betw een salinity  an d  po ten tia l tem p era tu re  for abyssal w aters has been the sam e w ithin 
experim ental e rro r  [e.g ., R e e d  (1969) for the  P acific]. If  th is is true  a t the m easurem ent site 
then  an  in situ in stru m en t can be ca lib ra ted  accu rate ly , a t dep th , sim ply by m easuring  the 
tem p era tu re  an d  pressure an d  referring to the h isto rical re la tionsh ip  for salin ity . The 
con tinu ing  analysis o f bo ttle  sam ples serves to  show  any trend  in the h istorical values.

M o n t g o m e r y  (1958) gave the characteristics of w orld  oceanic w ate r an d  show ed th a t 
99%  o f the w ate r lies w ith in  a salin ity  range o f 33 to  37. T he change in salin ity  on 
conversion  to  the new scale for th is salin ity  range can  be found  by reference to  T ab le  2 and , 
over the  no rm al range o f  lab o ra to ry  tem pera tu res  used for bo ttle  sam ple analysis, the
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change is very sm all. T herefore, for p ractical pu rposes, h istorical values will be preserved 
u nder the new  scale. This is n o t necessarily the case for h istorical salinities derived from  
ch lorin ity  because, as no ted  by C o x  et al. (1967) the ch lo rin ity -co n d u c tiv ity  re la tionsh ip  
varies as a function  of dep th  an d  geographic location .

T he use o f h isto rical values for ca lib ra tio n , a lthough  convenien t, c a n n o t be 
recom m ended  over the p rocedu re  o f bo ttle  sam ple collection  an d  analysis. T here is som e 
evidence th a t in add ition  to  trends, unexpected  tem pera tu res  ( W o n g , 1972) an d  salinities 
( F o f o n o f f  an d  T a b a t a , 1966) m ay occasionally  ap p e ar even a t g rea t dep th . T hus h istorical 
values, a lthough  p rovid ing  a useful check, are  no sub stitu te  for bo ttle  sam ples in C T D  
ca lib ra tions.

If  a decision shou ld  be m ade to convert large d a ta  files to the ir PSS 78 values, tw o 
app roaches are recom m ended. T he first and  m ost d irect is to  gain  access to  the raw  d a ta  
and  re-com pute every th ing  using PSS 78. If th is can  be accom plished  w ith o u t too  m uch 
lab o u r, it is the m ost desirab le  because it involves no ap p ro x im atio n . T he second 
recom m ended  m e th o d  is to  en ter the p e rtin en t parts, o f the  tab les pub lished  in th is p ap e r 
an d  to  in te rp o la te  the values o f AG an d  AF needed for the AK o r  AS m ethods described 
above. Second-degree in te rp o la tio n  is recom m ended  for rap id ly  chang ing  p arts  o f  the 
tables. The ad v an tag e  o f the second m ethod  is th a t know ledge o f the  raw  conductiv ity  d a ta  
is n o t necessary because the o ld  salin ity  can  be used to  look  up  ta b u la ted  values. B ottle 
sam ples analysed on a bench sa linom eter can  be co rrec ted  by th e  co lum ns on  the low er 
right o f the various tab les (A G e ) o r by T able 2 if the In te rn a tio n a l T ables w ere used to  
com pute  salin ity . N o te  th a t the differences listed on  T ab le  2 are a lm o st independen t o f the 
tem pera tu re  a t w hich the b o ttle  sam ples w ere analysed  so th a t, for m any  cases, the 
co rrec tion  could  be m ade adequate ly  from  know ledge o f the sa lin ity  alone. If  enough  bo ttle  
sam ples w ere used to  co rrec t the o rig ina l profile, then conversion  to  PSS 78 cou ld  be 
accom plished m erely by ad ju stin g  the orig inal profile over by the a mo u n t  by w hich the 
bo ttles had  been changed . O bv iously , each  case w ou ld  have to  be exam ined to  determ ine 
the e rro rs  involved in the sim plification.

V aria tions in the ch lo rin ity -co n d u c tiv ity  re la tionsh ip  m ake it im possib le to do  a true  
conversion from  ch lorin ity  values in to  the PSS 78. N evertheless, on  occasions it m ay be 
necessary to a ttem p t com parisons betw een d a ta  collected by the tw o techniques. T he 
p rob lem  is best tack led  by using  the o ld  re la tionsh ip  betw een ch lo rin ity  a n d  salin ity  
(S =  1.80655 C l) to  ob ta in  a salinity  an d  then using the In te rn a tio n a l T ables (U N E S C O , 
1966) which are  based  on ‘average’ seaw ater, to  o b ta in  a value o f R 15. T his value can  then  
be used as K 15 in eq u a tio n  (1) o f the A ppendix  to  o b ta in  a  p rac tica l salinity. A lternately , 
the R 15 value can  be used in new  oceanograph ic  tab les of p rac tica l salinity  as a function  o f 
conductiv ity  ra tio , to  be pub lished  by U N E S C O  shortly . I t m ust be em phasized  th a t the 
conversion p rocedu re  is im p ro p e r in term s o f the defin ition  o f the PSS 78 an d  is offered 
here only as a  best so lu tion . P rac tica l salinities so derived have un certa in  e rro rs  though  
norm ally  they are unlikely to  exceed ± 0 .0 3 . A lthough  u ncerta in ties due to  varia tio n s in 
ionic co n ten t rem ain  it is w o rth  n o tin g  th a t salin ities com p u ted  from  ch lo rin ity  by the 
K nudsen  eq u a tio n  (S =  0.03 +  1.805 C l) are  in m uch b e tte r ag reem ent w ith the new  scale. 
D ifferences are  reduced  to  w ith in  ± 0 .0 0 1  over the range 25 <  S <  38 p rov ided  the w ater 
stud ied  has a com position  th a t can  be described p roperly  by the  orig inal c h lo rin ity -  
conductiv ity  re la tionsh ip  o f C o x  et al. (1967) on  w hich the In te rn a tio n a l T ab les are based.
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A P P E N D I X

Definition o f  the Practical Salinity Scale 1978

(1) A bsolute salinity, sym bol SA, is defined as the ratio o f  m ass o f  dissolved material in seawater to 
the m ass o f  seawater. In practice this quantity cannot be m easured directly and a practical salinity is 
defined for reporting oceanographic observations.

(2) T he practical salinity, sym bol S, o f  a sam ple o f  seawater, is defined in terms o f  the ratio K 15 of 
the electrical conductivity o f  the seawater sam ple at the temperature o f  15°C and the pressure o f  one  
standard atm osphere, to that o f  a potassium  chloride (KC1) so lution , in which the m ass fraction of 
KC1 is 32 .4356  x  IO“ 3, at the sam e tem perature and pressure. The K I5 value exactly equal to 1 
corresponds, by definition , to a practical salinity exactly equal to 35. The practical salinity is defined  
in terms o f  the ratio K 15 by the follow ing equation:
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S =  ao +  a 1K ¡/52 +  a 2K I5 +  a 3K f/52 +  a4 KÍ5 +  a 5K í/52, (1)

a0 =  0.0080  

a , =  -0 .1 6 9 2  

a 2 =  25.3851 

a 3 =  14.0941 

a4 =  - 7 .0 2 6 1  

a 5 =  2.7081 

£ a ¡  =  35.0000  

2 <  S <  42.

As a consequence o f  this definition any oceanic water having a precisely know n conductivity ratio 
o f  near unity at 15°C with the KC1 solution is a secondary standard for routine calibration of 
oceanographic instrum ents. All seawaters having the sam e conductivity ratio have the sam e practical 
salinity. Chlorinity is to be regarded as a separate, independent variable in describing the properties 
o f seawater. It should be noted that the Practical Salin iiy 'values are 1000 tim es the values o f  the 
salinity o f the sam e sam ples o f  seawater obtained on  the previous scales. F or instance, a sam ple of 
seawater having a salinity o f  0 .03512 (i.e., 35.12%o) wifi have a practical salinity o f  35.12.

Algorithm fo r  in situ data

G iven in situ m easurem ents o f conductivity ratio

R C(S , T 6S, p )
C (35, 1568, p ) ’

temperature T6B °C , and pressure p dbar, R r  can be com puted as follow s:
R

R t  — -----------.
rr Rp 

R„ = (l+°0,
where

A t p +  A 2 p 2 +  A 3 p 3 

“ 1 + B 1T + B 2 r 2 +  B3R +  B4 TR
and

A , =  2.070 x  10 ” 5 
A 2 =  — 6.370 x  10“ 10 

A 3 =  3.989 x  IO-15

B, =  3.426X  IO"2 
B 2 =  4.464 x IO"4 

B 3 = 4 .2 1 5  x IO"1 

B4 =  - 3 .1 0 7  x I O '3

rr =  c 0 +  c 17’+ c 2 7'2 + c 3 7’3 + c 4 7’4 (3)

c0 =  6.766097 x  IO "1 

c , =  2.00564 x IO"2 

c 2 =  1.104259 x  IO"4 

c 3 =  -6 .9 6 9 8  x  IO"7 

c4 =  1.0031 x  IO"9.

N o te  that the value for c 3 was given incorrectly as —6.9689 in L ew is (1980).
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Salinity can be calculated from R T and T  by the follow ing polynom ials:

S =  a0 +  a , Rr/2 +  a 2R r +  a 3R ^ 2 +  a4 R f +  a 5R f/2

I T -  15)
+  (bo +  b . R r 2 +  b 2R r + l > 3 R f  +  b4 R ^ b 5R « } ,  (4)

where the values o f  a¡ have been given below equation (1) in this appendix and

b0 =  0.0005 k =  0.0162

bj =  -0 .0 0 5 6

b 2 =  -0 .0 0 6 6

b3 =  -0 .0 3 7 5

b4 =  0.0636

b 5 = -0 .0 1 4 4

£ b ¡  =  0.0000.

Ranges o f  validity

2 <  S <  42  

— 2°C <  T sS  35°C

0 ^  p <  10,000 dbar for all deep ocean waters.

For bench salinom eter use, the last equation can be used alone, though it is to be noted that R r is 
then a m easured value, R T.
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