YALE
PEABODY
MUSEUM

P.O.BOX 208118 | NEW HAVEN CT 06520-8118 USA | PEABODY.YALE. EDU

JOURNAL OF MARINE RESEARCH

The Journal of Marine Research, one of the oldest journals in American marine science, published
important peer-reviewed original research on a broad array of topics in physical, biological, and
chemical oceanography vital to the academic oceanographic community in the long and rich

tradition of the Sears Foundation for Marine Research at Yale University.

An archive of all issues from 1937 to 2021 (Volume 1-79) are available through EliScholar,
a digital platform for scholarly publishing provided by Yale University Library at
https://elischolar library.yale.edu/.

Requests for permission to clear rights for use of this content should be directed to the authors,
their estates, or other representatives. The Journal of Marine Research has no contact information
beyond the affiliations listed in the published articles. We ask that you provide attribution to the

Journal of Marine Research.

Yale University provides access to these materials for educational and research purposes only.
Copyright or other proprietary rights to content contained in this document may be held by
individuals or entities other than, or in addition to, Yale University. You are solely responsible for
determining the ownership of the copyright, and for obtaining permission for your intended use.
Yale University makes no warranty that your distribution, reproduction, or other use of these

materials will not infringe the rights of third parties.

This work is licensed under a Creative Commons Attribution-
‘ @ @ @ @ \ NonCommercial-ShareAlike 4.0 International License.

https://creativecommons.org/licenses/by-nc-sa/4.0/

SSSSSSSSSSSSSSSSS




Redefinition of Salinity

Warren S. Wooster
Arthur J. Lee
Gunter Dietrich

Two definitions of salinity have been in use since the early part of the
present century (Knudsen 19o1, Forch et al. 19o2). According to the pro-
cedural definition, salinity is the amount (in grams) of dissolved solid material
in a kilogram of seawater after all the bromine has been replaced by an equiva-
lent quantity of chlorine, after all the carbonate has been converted to oxide,
and after all of the organic matter has been destroyed. In practice, this
procedure is difficult to carry out with high precision, and an empirical
relationship between salinity and chlorinity has been used as a working de-
finition:

S0/00 = 0.030 + 1.8050 Cl/oo. (1)

This relationship is useful because of the relative constancy of proportions
of the major constituents of seawater and because of the availability of a precise
chemical method for determining chlorinity. However, it is based on only
nine salinity determinations; the constant 0.030 results from the use of Baltic
Sea water for the low concentrations. Carritt and Carpenter (1959) have
estimated that the uncertainty of a computed value of salinity from a measured
value of chlorinity, using this relationship, can be as much as 0.04°/o0 because
of variations in the composition of seawater.

With the development of precise methods for measuring the electrical con-
ductivity of seawater to a precision of | in 105, it has become possible to consider
a new definition of salinity based on conductivity. Accordingly, Roland Cox
investigated extensively the conductivity/chlorinity relationship, using a large
number of seawater samples from all parts of the world ocean; the results of
this research have been described by Cox et al. (1 967) To supervise the pre-
paration of oceanographic tables based on these investigations, an international
Joint Panel on Oceanographic Tables and Standards was established by:
UNESCO, the International Council for the Exploration of the Sea (ICES),

1. Accepted for publication and submitted to press 1 May 1969.
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the Scientific Committee on Oceanic Research (SCOR), and the International
Association for the Physical Sciences of the Ocean (IAPSO).

In October 1966, International Oceanographic Tables (UNESCO 1966)
were published jointly by UNESCO and the National Institute of Oceano-
graphy in Great Britain. These Tables contain a new definition of salinity, as
discussed below. At the same time, ICES urged all oceanographers to use only
these Tables for computing salinity of seawater from conductivity. In October
1967, the Tables, the definition of salinity, and the stated relationship between
salinity and chlorinity were endorsed by IAPSO, which recommended that
they be used by oceanographers and that all future oceanographic data reports
include an explicit statement of the particular tables used in determining the
values of the salinity reported. In the same month, the salinity definition was
endorsed by the Executive Committee of SCOR.

In preparing the Tables, the following arbitrary relationship between
salinity and chlorinity was used:

S°/oo = 1.80655 Clo/oo. (2)

This relationship is compatible with eq. (1) relative to older data of lower
precision, such as those resulting from chlorinity titrations; this gives identical
results at a salinity of 35°/s and differs by only 0.0026°/oo at salinities 32°/o0
and 380/00.

The relationship between salinity and conductivity ratio (Ri52) was based
on precise determinations of chlorinity and R:s on 135 natural seawater sam-
ples; all of the samples were collected within 100 m of the surface and included
samples from all oceans as well as the Baltic, Black, Mediterranean, and Red
seas. After chlorinity was converted to salinity, using eq. (2), the following
polynomial was computed by using least squares:

S°/oo = —0.08996 +28.29720 R, + 12.80832 R, —10.67869 R}, + } (3)
+5.98624 RY,—1.32311 R},

The root-mean-square deviation between a single point and the line was
0.002%60 in chlorinity for samples having a chlorinity above 15°/00 and
0.005°/0o for samples having concentrations below 15°/oo. Because of the
variable composition of the diluting river water, the estimation of salinity is
less precise in certain regions such as estuaries and in the surface layers of the
Baltic Sea. There is also evidence that, for deep oceanic waters (below 2000 m),
the mean salinity from chlorinity is about 0.003°/e lower than that from con-

ductivity (Cox et al. 1967).

2. Conductivity ratio, Ry, is the ratio of the.conductivity of a water sample to that of water having
a salinity of exactly 359/o0, both samples being at the same temperature (1 §°C for Rys) and under a pres-
sure of one standard atmosphere.
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Expression (3) constitutes the recommended definition of salinity. The
International Oceanographic Tables include a tabulation of this expression for
conductivity ratios Rys from 0.85000 to 1.17999 (at intervals of 0.00001)
and for salinities from 29.196 to 42.168°/00; it also includes correction tables
for measurements at other temperatures. Recently, new tables connecting
refractive index anomaly with salinity have been added (from the measurements
of Rusby 1967).

The conductivity method is now widely used in determining salinity, and
the redefinition of salinity is required for its use. On behalf of the interna-
tional organizations that have endorsed the new salinity definition and the
associated Tables, we wish to encourage their use by all oceanographers.
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