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INTRODUCTION

1. This report follows a meeting of the panel in Rome on 8-9 October 1965.
A panel meeting on 8 October was attended by:

Dr. R.A. Cox (Great Britain) in the chair
Professor G. Dietrich (Germany)

Dr. K.N. Fedorov (Unesco)

Dr. N.P. Fofonoff (U.S.A.)

Mr. ., Hermann (Denmark)

Dr. G.N. Ivanoff-Frantzkevich (USSR)
Professor Y. lMiyake (Japan)

Professor 0. Saelen (Norway)

Guests at the meeting included Dr. Grasshoff (Germany),.r, Menaché (France) and
Dr. Morcos (Egypt). An apology for his unavoidabl: absence was received from
Professor Carritt (U.S.A.).

Cn 9 October an open meeting was held, attended by a number of delegates to
thbe annual meeting of IC.:, which was in progress in Rome. In addition to
the members of the panel, about 25 scientists were present. The chairman gave an
account of the recent work, and ef the decisions of the panel, which will be dis-
cussed later in this report. Mr. Maurice Menaché (France) r=ad a papasr entitled
Variation de la Masse Volumique de l'eau en fonction de sa Composition Isotopique.”
As this paper will shortly be publishad in "Cahiers Oceancgraphiquass" it is not

included with this report, but will be referred to in section Z2c.

The chairman introduced two papers by Messrs, Y. Charnock and J. Crease
(Great Britain) entitled "Thc specification of salinity estimators and "A salinity
estimator based on conductivity ratio”, (these pap:rs are.appcnded to this report
as appendices A and B) and a short paper by Dr. J.S.M. Rusby (Great Britain) on
"Measurament of refractive index of sea-water samples”. (Appendix C).

The open meeting was followed on the afternoon of § October by a further
comnittee meeting., It wac resolved that this report should be prepared, to make
known and explain the decisions of the committee. The chairman agreed to prepare
a provisional draft, and Dr. Fofonoff and Professor Miyake undertook to draft
certain sections. Dr. Fedorov promised that th2 report would be published in the
series of "Unesco technical papers in Marine Science".

This introduction is followed by an account by th: chairman of the work done
since the last report (October 1964).

2, WORK COMPLETED SINCE THE LAST REPORT OF THE PANEL

(a) Chlorinity determinations

At the last meeting of the panel (Charlottenlund, October 1964) it was re-
solved that in view of the importance to futurs work, and of the doubts which had
been raised regarding the reliability of the determinations of chlorinity by
Riley and his co-workers, it was necessary to repeat at least a considerable pro-
portion of these chlorinity determinations., This has been done. In the original
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measurements (see Cox, Culkin, Greenhalgh and Riley, 1962) about k50 samples

were analysed. It was arranged that about 350 of these should be analysed again;
the samples were divided between Dr. Riley at Liverpool University and Dr. Culkin
at the Natiocnal Institute of Oceanography. From this total about 100 samples
were selected where a good supply of water was still avallable, and these were re-
measured by both analysts. In addition to redetermining the chlorinity, Dr.
Culkin alsc rechecked the conductivity ratio, in most cases using only one tube

of water for both measurements,

The results are discussed in detail in the report by Charnock and Crease
(Appendix B) but will be summarized here. Statistical treatment shows quite
clearly that Dr. Culkin's results are very decidedly more cornisistent than Dr.
Riley's, while there is no significant improvement in Dr. Riley's second set of
daterminations compared with his earlier set. Using each set of determinations
on its own, a fourth order curve was fitted by least squares, expressing chlorinity
as a function of conductivity ratio. The standard d=viaticn of Dr. Culkin's
chlorinities from the curve was about 0.002%,, whilc Dr. Riley's was over O.006%,.
The mean square differ:nce between Dr. Riley's first and second determination on

the same sample was also over O.006%,.

The reasons for the inaccuracies in Riley's measurements are not at present
clear. They are not shown in replicate determinations at one time on one sample;
for such replicates the standard deviation is much less, about 0.001%,. The basic
differences in the methods used are two; firstly, Culkin weighs both the sea
water and the strong silver nitrate used in the titration, while Riley weighs only
the water and uses a burette to measure the silver; sscondly, although both
workers use an electrometric end-point, the electrode systems are different. Riley's
technique 1s described in Bather and Riley (1953), while Culkin's are based on
those of Hermann (1951).

The samples determined by Dr. Culkin cover the whole range of salinity from
Baltic water to Red Sea. Thay have not, however, been selected specifically to
cover the whole range at close intervals. If these results were to be used alone
to compute conductivity/chlorinity relationships, it might be necessary to under-
take a few extra measurements to fill in gaps in thz series, especially at low
salinitiles.

(b) Conductivity/salinity tables

Based on Dr. Riley's chlorinity values, tables havz been computed connecting
conductivity ratio at 15° with salinity. The salinity range is 30-42%, and the
interval 0.00001 in conductivity ratio. In addition, a second table glves correc~
tions to conductivity ratio when measured at temperatures other than 15°. These
two tables had been printed in the format agreed at the pravious meeting, and
copies were distributed for inspection,

Thz chairman also distributed a copy of the computer print-out for a table
covering the range 3-42%, in salinity, at intervals of 0.0001 in ratio. He also
showed a temperature correction table for this wider range, but explained he was
not y:t satisfisd with the results from which these corrections were computed.

A more extensive series of measurements was under way. (These are now finished.
See section 3. Editor). S : :



(c) Density determinations

No actual determinations had been mad= in the last Year, The apparatus for
specific gravity measurements was unde. reconstruction. It should be working in
its improved form early in 1966.

However some work had been done on the preparation of water suitable for use
as reference in specific gravity work.

Mr. Menaché's report (sce section 1) shows that substantial variations exist
in the 1isotopic ratios of natural waters, and these have a significant effect on
the specific gravity. Variations in the isotopic ratios of sea water, however,
are very much smaller than between, for example, sea water and polar snowfall,

It would seem that water distilled from sea water should offer a sultable standar¢
for specific gravity measurement.

The chairman circulated copies of a report (N.I.0. internal report CS.
‘Distilled water for relative denisty standard" by R.A. Cox and M.J, McCartney,
March 1965) which would shortly be published in the 1iterature. (In Deep-Sea
Research - Editor.) It had been found possible to distil pure water from sea
water in such a way that the isotope ratios were not significantly changed. This
was confirmed by isotopic analysis of the distillate and of water similar to the
original sea water.

The isotopic analyses (kindly undertaken by Professor Dansgaard in Copenhager
show that our distilled water is fractionally higher in heavy isotopes of hydroger
and oxygen than is Standard Mean Ocean Water (Craig, 1961). The results of
M2naché, however, indicate that this small difference will not introduce a signi-
Ticant difference in density. Such distilled water seemed very suitable as a
standard for specific gravity determinations.

(d) Refractive index determinations

The chairman presented a short report by Dr. Rusby (see Appendix C). The
measurements at 20° were very encouraging, and could form the basis for tables
connecting refractive index anomaly (An, the difference between the refractive
index of the sample and that of water of salinity 35%,) and salinity or chlorinit;
Howaver there was some evidence <hat A n depended somewhat on temperature, so that
as with conductivity/salinity tables a temperature correction might be needed.
Measurements were in progress at various temperatures, from which this correction
could be computed,

(e) Absolute conductivity apparatus

This apparatus was complete, and working. The final trials had to await the
calibration of the thermometer, precision resistors and length standards by the
N.P.L. However a preliminary trial run had given a value for the conductivity of
sea water of salinity 35%, at 15° of 0.04286 ohms™! cm~1, compared with the figure
of 0.04288 interpolated from the results of Thomas et al (1934).
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If all went well with the calibrations, the apparatus should be tested and
oparational early in 1966, It would then be taken cver by the Standard Sea Water
Service, and used to standardize the conductivity of the standard water. The
label on the standard water would then show the conductivity (and salinity com-
puted from it) as well as the chlorinity.

THZ NZW CONDUCTIVITY-CHLORINITY TABLES

K
*

The new tables for converting conductivity measurements to salinity will be
distributed early in 1966, and the panel feels it appropriate to restate the
reasons leading to th: preparation of the tables, and the principles which have
directed the work.

Because there is no general agreement, even among :nglish-speaking scientists,
on the exact meaning of some terms which will be used in this section, definitions
are given below, and where these terms are used hereafter in this section it will
b2 in accord with these definitions.

Datermine, determination. A determination 1s an actual measuremer ¢ of the variable

concerned, the accuracy being limited only by the experimental limitations of the
m2thod.

—stimate, estimation. An estimation 1s a value for one variable derived from a

dztermination of another; for example, we may determine cklorinity, and from the

chlorinity cstimate specific gravity. The accuracy of the result depends not only
on the precision of the chlorinity detarmination, but also on our knowledge of the
conversion factor, and on any natural scatter 1n this factor due, for example, to

variations in sea water composition.

Accuracy. The difference between the result obtained and the true result, a high

accuracy implying a small difference and a low accuracy a larger difference.

rrecision. The difference (usually expressed as the root mean square difference,
or standard Geviation) between a single result and the mean of a large number of
results by the same method. The precision represents the reproducibility of a
method; 1t is not the same as the accuracy, because the method may bz a bad ane,
and give a wrong answer. Thus a method may be precise, because it gives a consis-
tent answer, but still be inaccurate, because the answer 1is wrong.

We all know the gzneral concept of salinity. It expresses the concentration
of dissolved solids in sea water, measured in parts per thousand of sea water by
weight. Unfortunately, salinity is a very difficult gquantity to determine directly,
and it has been necessary in practice to estimate salinity from mezsurements of
somz other parameter., The problem facing the panel is to ensure that whatever
method is used for salinity estimation, the final figure which we obtain will be
as nearly as is possible the same, -

curing the discussion in Rome, Dr. Fedorov put forward a very helpful analogy
«:en salinity and temperature. Like salinity, temperature is a concept rather
~#71 a clearly defined property. It expresses the heat-content of matter, Just as
-3l ‘nity expresses salt content of water. We cannot measure temperature directly;
#ik.. we measure is som: property dependent on it, such as the expansion of mercury
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or tr. resistance of a platinum wire. Both concepts have their absolute zero-with
temperaturae, when all thermal energy is absent; with salinity, when the water is
pure and free of salt. Unfortunately with salinity we do not have any other fixed
points, like the freezing and boiling points of water which assist in fixing tem-
perature scales.

The traditional parameter used for estimating salinity is the chlorinity
determination, which measures chloride and bromide in the sea water by welight,
usually by a volumetric procedure using a standard sea water as reference. The
chlorinity scale was defined by Jacobsen and Knudsen (1940) with pure silver as
the standard. The only assumption in this definition is that the ratio of chleride
to bromide in sea water is constant; the available evidence, including that from
the recent work, shows that this assumption 1is Jjustified as nearly as we can tell.

Salinity has usually b2en estimated from chlorinity by the equation proposcd
by Forch, Knudsen and Sgrensen (1902), which is based on determinations of
chlorinity and salinity on a number of natural sea waters, including several from
the Baltic Sea. From these analyses the well known ielationship

S%, = 1,805 Cl %, + 0.03

was deduced. To obtain this equation, Sgrensen defined "salinity" in an arbitrary
way, which is certainly related to the dissolved salts, but dlsregards the bicar-
bonate and some other volatile ions. The constant 0.03 represents approximately
the solid content of river water flowing into the Baltic, disregarding the bicar-
bonate ion. This solid content 1s partly calcium sulphate, but mostly calecium
bicarbonate which in the Sdrensen salinity determination is converted to oxide,
and w:ighed as such. Conductivity measurements, however, estimate also the bi-
carbonate ions, as well as traces of other volatile components such as organic
acids which are not measured in the Sfrensen methods. Thus if we preparé an equa-
tion between salinity and conductivity ratio, (R), defining salinity as chlorinity
multiplied by a constant, w2 get

S %o =X%XCl % = &R + BRZ + GR? + ==—m -0.09

The intercept, 0.09 %, is the apparent salinity at zero chlorinity, and
represents dissolved ionic material in river water, whereas the Sgrensen 0.03 %,
represents (mainly) calcium oxide. Thus if we wish to prepare an expression re-
lating conductivity and salinity, to include Baltic Sea saaples, and to make our
"salinity" the best possible measure of ionic content, then we should start by
estimating salinity from our chlorinities using

S %, = 1.802 Cl %, + 0.09
rather than the Sgrensen formula,

The resal point is this; even when dealing with samples. from the Baltic Sea,
the Sgrensen 0.03 has a real significance only when referred to an arbitrary methoc
of determination, and has little meaning when considering conductivity measurements
This is even more true when considering other low salinity waters, as there 1is no
avidance that the conductivity at zero chlorinity would correspond with that found
in the Baltlc area.
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A further problem arises when considering dilution of sea water by pure
water. When sea water is diluted by rain, or by melting polar ice, it is convenient
to calculate the salinity of the diluted water from the welghts of salt water and
fresh water in the mixture. If we define salinity as a Cl %o + b, then the salinity
of the mixture is not in direct proportion to that of the constituents; for example,
if a given weight of salt water is diluted with an equal welght of fresh, the
chlorinity in the mixture will be half the original value, but the salinity will
not. This is confusing, and in a relationship claiming to be a weight ratio,
grammes per kilogramme of water, it is quite illogical.

The simple solution to all these problems would seem to be to abandon the
term salinity, and report our observations as conductivity ratio or chlorinity.
The second alternative, to report as chlorinity, has the objection that conduc-
tivity and chlorinity are not exactly related, due to variations in composition
of sea water. Some means must be used to distinguish actual chemical chlorinity
determinations, (which are often valuable data) from conductivity measurements.
Conductivity, however, has at present little significance to most oceanographers,
and none at all to many, particularly those such as biologists and geologists
not directly concernad with salinity measurements. To most people reading this
report a salinity of 33.04 %o will mean something; a conductivity ratio of 0.950
will not. Also the various data centres are equipped to record salinity, not
conductivity; millions of such records exist, and it would be prohibitively
expensive to change them.

There is no simple solution to all these problems. wWhatever procedure is
adopted by the panel, some embarrassment will be caused to some oceanographers.
The panel has given long consideration to the alternatives, and to the comments
and criticisms put forward after publication of the first report. The recommenda-
tions of the panel are these.

(1) That in future, chlorinity determinations should preferably be reported
as such, and not convertad to salinity estimates,

(2) That when it is necessary to estimate salinity from chlorinity d2terminations,
the equation S %, = 1.80655 Cl %, should be used rather than the Sgrensen
aquation.

(5) Salinity shall be redefined as a function of conductivity ratio.

(4) An equation shall be computed from Dr. Culkin's measurements of chlorinity
and conductivity ratio on the natural sea water samples held by the N.I.O.
Samples from the Baltic and Black seas, and other low salinity areas, shall
be included, and only samples collected near the surface shall be used. For
the purpose of computing the equation, salinity shall be estimated from the
original chlorinity determinations by the equation S %, s=l.80655 C1 %,.

Using the salinity estimates so obtained, and the corresponding conductivity
ratios, an equation shall be computed by the method of least squares giving
salinity as a function of conductivity ratio (R).

{5) This equation shall constitute tha definition of salinity.

(6) The new tables connccting salinity and conductivity ratio shall be derived
from this egquation.
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The procedure proposed will have these advantages. The salinity so defined
can readily be determined by the conductivity method which is the most precise
method at present- available. It 1s intended that Standard Sea VWater shall be
used as a conductivity standard, and will be certified as such (see section 5).
Saiinity so defined 1s ‘conservative, and can be calculated by simple proportion
either when mixing different sea waters, or whan mixing sea water with fresh
water., In the ocean range (salinity 32-39 %o) the new salinity will agree within
the normal precision of determination with earlier estimafes based on chlorinity
determination and the the Sﬁ"ensen equation. The actual difference is zero at
35 %o, and 0.0023 %, at 32 o and 32 %,.

The only area where these decisionsrmay ecause some problems is the Baltic
Sea, Here salinity determined from conductivity measuremsnts and the new tablee
will differ from earlier estimates, based on chlorinity, by about Q.02 % at 11 %,
and 0.025 %, at 6 % %0« This’ discrepancy 1s about the same as the precision of
normal chlorinity determinations, ‘and in view of the wide variations of salinity
which prevaill in ‘the Baltic, the panel do not consider that such a change will
cause much difficulty. We hope that the Baltic oceanographers wlll agree with our
recommendations, as it is clearly desirable tnat the same nomenclature and defini-
tions shall be used in all parts of the world.

Based on these decisions, the new tables have been prepared, and at the time
of writing (February 1966) are ready for printing. The tables are based on
determinations of chlorinity and conductivity ratio at 15°C (Rl } made on 135
samples of natural sea water, including samples from all oceans and from the
Baltic, Black, Red and Mediterranean Seas. Salinity was estimated from chlorinity
using '

S %, = 1.80655 Cl %,

and a fifth order polynominzl computed by least squares giving salinity as a
function of Rjs, with a small correction to the constant term (+ 0.00018 %,) to
make R)5 = 1.0 correspond with § = 35 %,.

S %o = -0.0899 + 28.2972R15 + 12.80832R{5 - 10. 67869R25 + 5.96624R "5 - 1. 52311R7s
This equation constitutes the recommended definition of salinity.

Table Ia, based on the above equation, connects R15 with salinity, and is
designed for use with thermostat sa‘iniuy,meters working at 15°., A second table
(tablz Ib) gives corrections to conductivity ratio mecasured at any tomperature
between 10° and 30°, to give the equivalent value of Rjs.  This tabls is based on
measurements of conductivity:ratio.at various. temperatures with an Auto-Lab wide-
range inductive salinometer: - The correction : (&4q5) to bring conductivity ratio
at temperature T° (Ry) to the ratioc.at: 15° (315)(15 given by :

A15(T) = Ry5 - Ry = 10 51‘1;(1’1;'1)(T--15) [o6. T-T2.0R¢ + 37. 582-(0.63+0.21RS) (T-15) |

The values of A computed from this expression are considered to be accurate to
within + 0.05 A for temperatures between: 10" and 50" '

~ For the greater convenience: of those;nsing non—thermostat salinometers, a
second.: set of tables (tables IIa: and: ¥) have-been: computed” from the ‘same data
as tables Ia and Ib, but based on eonduetivity‘ratio at 20°- (R.o) ‘and. covering
the range of Rgo from-0. 1 40" l.gl(salinity -about: 3 ta Lo $, “These tables give
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exactly the same values of salinity as Ia and Ib, but since most measurements on
non-thermostat meters will be made at temperatures close to 20°, it will often
b2 legitimat: to neglecct the small corrections given by table IIb, especially
when salinities are near 35 %o.

The tables will have brief introductions, indicating how they shall be used,
and in accord with standard Unesco practice these will be in inglish, French,
Russian and Spanish. The tables will be printed on separate sheets and bound in
a loose-leaf binder with stiff covers, lettered "International Oceanographic
Tables" in the four languages. The binder will be large enough to accommodate
additional tables as they are available,

The panel think it necessary to point out that these new tables (on loose
sheets, in stiff-cover binder) are no% quite identical with the provisional tables
referrad to in section 2 (b). (bound in buff-coloured paper cover). A few copies
of the provisional tables have been distributed for special purposesg. As soon as
the new tables are available, please destroy any copies you may have of the pro-
visional tables, Sample sheets of the new tables are appended to this report
(Appandix D).

b, FURTHER TABLES TO Bi ISSU=D

Further tables already under consideration for the series include:
(a) effect of pressure on conductivity of sea water;

(b) specific gravity from temperature and salinity;

(¢) chlorosity from chlorinity or salinity;

(d) velocity of sound, from temperature, pressure, salinity;

(e) salinity from refractive index.

The panel will welcome suggestions for additions or improvements to the tables,
Thes may be sent to any member of JPOTS.

There was a discussion on the best form for specific gravity (sigma-t) tables.
The last panel report included samples of existing tables, and asked for recom-
mendations. None had been received. After some debate, it was agreed that nomo-
grams were to be preferred to tables, because more information could be conveyed
on a page. Two nomograms are enclosed with this repori (Appendix E) illustrating
one possible format., Comments on this arrangement, and on possible alternatives,
will be welcomed,

5. STANDARD SZA WATZR AS A CONDUCTIVITY STANDARD

None of the conductivity salinometers at present in use measures conductivity
directly, in reciprccal ohms per em. All are designed to measure either as a
ratio to a standard water, or are calibrated so as to read in salinity or chlorinity.

liithout excziption they all need a sea water of known salinity for calibration
purpcses,
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It has been customary for some years to use Copenhazen Standard iater as
such a standard. To guard against any unforeseen variation in composition, for
the last three years each new batch of standard water has been checked for r=la-
tive conductivity at th> N.I.O., using at least two earlier batchss as standard
in each case, No really significant variations have occurred during this time,
that is the conductivity ratio has corresponded with the chlorinity within the
normal preclsion of salinometers.

This procedure 1s not entiraliy satisfactory. It would be embarrassing if a
batch of standard water was found to have a conductivity which did not correspond
with the chlorinity. Also there is some evidence that conductivity of standard
water may apparently increase slightly on prolonged storage, especially at =levated
temperatures (sse Park, 196k4).

To overcome this problem the N.I.0. (as mentioned in section 2 (e)) have de-
signed and buillt an apparatus for the direct measurement of the conductivity of
each batch of standard water., This apparatus will also be used for a reasearch
programme to study the change in conductivity consequent on storage under different
conditions, such as high temperature or mechanical oscillation as on board siip.

The apparatus measures the resistance of standard water contained in a fus:d
silica cell of 'mown dimensions, comparing this with a standard non-induc’ive
resistor on a transfcrmer bridge. The cell is held in a thermostat at 15°C. This
temperature must be known to + 0.001°C, which presents a difficult problam. The
apparatus originally ordered for this function has proved unreliable, and a rew
quartz-crystal thermometer has been ordered. Unfortunately there is a delay in the
delivery of this thermometer, but as soon as it is available the proving trials
of the conductivity meter will be started.

It is hoped to have all new batches of standard water certified in coniuc-
tivity (salinity) from about June of 1966. Usad in combiiabion with the n.w
tablcs, which should be distributed before this time, all oceanographers will
have a reliable and uniform basis for theilr salinity measurements.
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Appendix A
THE SPECIFICATION OF SALINITY ISTIMATORS
H. Charmmock and J. Crease

National Institute of Oceanography

INTRODUCTION

, Some of our colleagues are engaged in making precise measuremants of the
propsrties of sca water, They consult us, from time to time, about the statisiical
aspascts of their observations and we have bzen asked for our views on the present
status of the observations of chlorinity and conductivity ratio.

e have found it impossible to discuss this and allied problems usefully
unless the words and symbols used are explicitly defined. The definitions we
have found most satisfactory will be given and described in the hope that they
will be conzidered by the joint ICES/IAPO/SCOR/Unesco Committee dealing with the
vroblem,

ToRMINOLOGY

The main need we have found is for the term "salinity estimator" to describe
the relations now in use, or proposed, from which thz "salinity" can be estimatad
from an observation of another variable, such as chlorinity or conductivity ratio.

In what follows a symbol witkout suffix (=.g. Cl) will represent a measured
quantity (in this case chlorinity).

An estimator will be a precise mathematical function of a measured quantity
and will be written as a symbol with a suffix. For instance, we shall write
Cl3 2z f- (R) meaning that the estimator Cl3 is exactly defined as a known furction
of the conductivity ratio R.

The word regression we shall use to describe a relatiomship betwsen two
variables which are hizhly correlated but not exactly related. Thus for example,

= fB(R) +£j

is a regression. It means that in a particular st of observations of Cl and R,
the values of Cl were statistically related (for example, in a least squares sense.
by the function £-(R), the residual on a particular single observation being

S The residuals 5 will be in part expsrimental errors and in nart due to
small changes in the proportions of th2 major canstituents of .sza water,
Cl5 5 fz(R) will be an estimator derived from the regression by dropping the
residua{s 533.

TH: DIFINITION OF SALINITY

At the second International Conference of ICES at Kristiania, 1901, it was
resolved: that by salinity is to be understood the total weight in grammes of
solid matter dissolved in 1,000 grammes of (sea) water,
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According to Cox (1965) this definition in terms of total solids has not been
revoked or superseded. However, there i1s throughout the literature the more usual
- dz2finition, based on Sfrensen's work; the salinity is the total amount of solid
material in grammes contained in one kilogram of sea water when all the carbonate
has been converted to oxide, the bromine and iodine replaced by chlorine and all

organic material completely oxidized.

Neither the total solids nor the "Sgrensan-salinity" can be measured with
pr2cision so that both definitions are in the nature of a concept. This is clearly
oreferable to any definition based solely on an experimental procedure, which
could be altered by future developments in analytical technique.

W: may note that, although salinity has not bzen dafined in a form which
would permit precision determination, no serious practical difficulty has arisen
in 1ts interpretation. Oceanographers have come to regard the salinity as related
in an approximate way to the salt concentration and are accustomed to estimating
it from measurements of other properties. It is with the definition of these
salinity estimators that we are mainly concerned.

SALINITY ESTIMATORS

The measured variables which we shall use are:

() The Sdrensen-salinity (S) is the result obtained by following Sgrensen
technique for estimating the salinity as commonly defined,

(b) The Chlorinity (Cl) is as usually defined, bearing an analogous relation to
the chloride content as the Sgrensen salinity bears to the dissolved solids., The
silver nitrate used in the chlorinity determination is usually standardized rela-
tive to standard sea water whose chlorinity, in tum, is determined with reference
to pure silver by the standard sea water service, Copenhagen,

(¢c) The conductivity ratio (R) we define as the ratio of the electrical conducti-~
vity of a sample of sea water relative to that of a standard value of 2lectrical
conductivity, at a standard tempsrature. Until a suitable standard 1is avallable
measurements have been made against a particular batch of standard sea water at

a temperature of 15°C.

The salinity estimators (and the chlorinity estimators) based on measurements
of these variables are now considered. Figure 1 is an attempt to illustrate the
procedures,

(1) S and Cl are definsd quantities: apart from experimental error they estimate
"salinity" and "chlorinity" respectively. One can write formally
S1s S and Clt = C1
to separate the estimate from the observation.
(2) S2 1s a salinity estimator based on observations of S and Cl. Only one

series of nine measurements is known (Sfrensen 1901) and these provide the
regression o

S:f2 (Cl)+€2 = 1.805014-0.03 +€2
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where & 2 is a residual, in part experimental, of order 0.01 %,.

The estimator is then defined as
S2 = f5» (C1) = 1.805 C1 + 0.03
by dropping the residual £ ».
It is important to distinguish between salinity estimators such as S and S2.

S2 1s determined exactly by Cl but St 1s not. Differences will arise to the extent
that the major constituents of sea water occur in different proportions.

(2A) Some workers have preferred to express the S/C1 regression as
S =1y (C1) + £ 54 = 1.80655Cl + € 5y

so as to maintain consistency with the hypothesis of constant composition. This
would not conflict with the original S determinations. It leads to a salinity
estimator.

S2A = fop (C1l) = 1.80655 C1

Salinity estimates based on chlorinity titration (S2) were for many years
referred to as "salinities” without qualification. Since the titration was the
most convenient method, and since the differences between S!1 and S2 were in general
smaller than the experimental error, no serious confusion arose.

The development of "salinometers" based on measurements of conductivity ratio
created the need for a salinity estimator based on conductivity ratio.

(3) We seek a salinity estimator based on conductivity ratio
S3 = fj(R)

The steps we propose are as follows (see Figure 1),

From a serles of careful measurements of Cl and R one writ.s a regression
Cl = f}(R) + & 3
leading to a chlorinity estimator
Cl2 = fj(R)
This is then substituted into f5,(Cl) to get
S3 = £5,(Cl2) = £y (fj(R))

This will define a salinity estimator based on conductivity ratio which is
consistent, within residual error, with S1 and S2A.

As a result of recent work observations are available from which the Cl/R
regression can be specified. The present position of these observations will be
discussed later. ‘

Further estimators Sk, SS etc., can be defined as needed. An estimator Sk
based on observations of chlorinity and density ratio is indicated on Figure 1.
New estimaters might also be based on the results of further series of observations
of, say, S and Cl. We have limited the notation S2, S2A (S2B) etc. to differing
ways of expressing the same set of observations.
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CONCLUSIONS

The procedure outlined defines the various salinity estimators and snsures
consistency retween thea so far as is possikle., Any ane of them will be adequate
for work where the highest accuracy is not needed.

However we must again state that the estimates st, 82, S3 etc. based om error-
free observations on the samc sea water may differ. Any differences which are
established will pose an important oceanographic problem. It is therefore important
that they shail be clearly defined.
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Basic Property

Dis-olved oli

Chlorinity Conductivity Density
Estimators Sa = £4(C1) Ss = £2a(Cls) = faa(f3(R)) S =’r.a(c1;) = £aa(fa(0))
salinity S¢ =S Se, = £sa(C1) Cls = £3(R) Cly = fu(a)
Chlorinity } Cly = (fl - A \
- | \
\
S = £g(C1) + E2
Regressions - \ 1 = £3(R) + &s Cl = £a(0) + Ea
S = £9a(Cl) + Egai / /
W — 1 |
Neasured Sérensen Chlorinity (C1) Conductivity Ratio (R) Density Ratio (o)
Quantities salinity (S)

Varisbles without suffixes are observed quantities,
Varisbles with suffix are estimated cuantities,

§ reprecents the deviation of a single determination from a mean curve,
S¢ and Cly are the currently accepted definitions of salinity and chlorinity,

Nome of tiwe brsic properties has been satisfectorily measured,

Fg 1 = Derivation oi' salinity estimators
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A SALINITY =STIMATOR BAS:ED ON MEASUREMENTS
0% CONDUCTIVITY RATIO '

by ,
H. Charnock and J. Crease

INTRODUCTION

This note gives a preliminary assessment of the material now available for
the definition of a salinity estimator based on measurements of the conductivity
ratio. It is written at the request of Dr., R.A. Cox and for the guidance of the
Joint IC:iS/IAPO/SCOR/Unesco committee concerned with this subject. It should be
read in conjunction with an accompanying paper on the specification of salinity
estimators.

OBSERVATIONAL MATSERIAL

1. Conductivity ratio

Observation on which the salinity estimater (S5 in an earlier paper) may b=
based have been made on samples of sea water widely distributed over the ocean and

from various depths.

The conductivity ratio (R) for each sample was determined by Dr. @, Culkin,
National Institute of Oceanography, relative to standard sea water batch P31, at
15°C. The chlorinity of this batch is 19.375%, and the corresponding value of
salinity estimate S2 = 35.002. A small correction was made to the primary measure-
ments to g=t the conductivity ratio relative to standard sea water of S2 = 35.000.
This correction was based on earlier approximate measurements and will be consistent
with the salinity estimator S3 finally specified.

Repeat determination of conductivity ratic agreed within about 0,00005
provided the samples were drawn from sealed ampoules. No effect of storage was
found.

Values measured on water from fully opsned ampoules, from which chlorinity
samples had been drawn, were greater by a few parts in 1 5 than those mads earlier.
As other workers have found an increase in R on opened samples we have not used
these values further.,

2. Chlorinities

All the chlorinities (Cl) were determined at the Department of Oceanography,
University of Liverpool, in the first instance. These observations will be
referred to as Liverpool I. Chlorinities for some of the samples have been re-
determined at Liverpool (Liverpocl II) and at the National Institute of Oceano-

-graphy (N.I.O.). A small number of chlorinities were also measured at the
Standard Sea Water Service, (Copenhagen) :

Apart from this lattet‘set, which. will be discussed later, thres overlapping
sets of observations have been’ directly compared ' o
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1. Liverpool I and Liverpool II and N.I1.O. 102 samples

2. Liverpool I and Liverpool II ' 155 samples
3. Liverpool I and N.I.O. 173 samples

In each case the chlorinity was expressed as:

= ap + ag(R) + ap(R2) + a3(R3) + a,(Rl) +E 4

where R is the conductivity ratio of the same water, The constants 85 ceeeeeal)y
were chosen by a least square method (preliminary working having shown that curves
of higher order than four did not reduce the r.m.s. deviation significantly).

It is clear that the N.1.0. deviations are smaller than those of the Liverpool
observations by a factor greater than 3. The standard deviation of the N.I,O.
observation abcut the fitted curves is about 0,002%.,. The standard deviation of
the differences between Liverpool I and Liverpool II is about 0.006%,.

This indicates that the casual errors of the N.I.O. observations are signi-
ficantly less than those of Liverpool I or Liverpocl II or of their combination.
Possible systematic differences are more difficult to assess but some indication
can be obtained from the results of eight comparative measurements of chlorinity
made at N.I.0. and at Copenhagen.

The N.I1.0. observations are systematically less than those done at Copenhagen
by only 0.00lg + O. 0008 %¢. Though this latter difference is small it is statisti-
cally significant at the 1% level; the experimental error of N.I.O. replicates
is about 0.001%, and the corresponding figure for Copenhagen about O. 005%, .

The possibility that this systematic difference arises from the use of
different batches of standard sea water is being investigated.

But it is clear that the N.I.0, determinations of chlorinity and conductivity
ratio provide the best material currently available to us for the definition of
salinity estimator S3, which in turm is based on Cl2.

THE C12/R REGRESSION

Two possible definitions of Cl2 are being considered, one using all the N,I.O.
observations, the other using only thosz N.I.J. determinations made on surface
samples.,

It is desirable, though not essential, that S3 = 35.000, when CR = 1,00000.
This could most easily be achieved by adding a suitable constant (7 0.0005) to the
Cl2 values. This arbitrary adjustment, can be partly justified by the results of
the N.I.0./Copenhagen comparisons: 1t is not likely to be significant in routine
work, ' :

If there are significant differences between estimators based on surface and
on all samples, we recommend that S5 and Ci2 should be defined by the regression,
to sufficiently high order, of Cl on CR, the values being those determined at
N.I.O0. on surface samples, each Cl value being increased by a constant amount to
ensure that Cl12 - 19,3740 when CR = 1.00000.
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Preliminary analysis shows that tables produced on this basis will differ fror
those which have already been constructed using a combination of N.I.O. conductivit
ratios and Liverpool chlorinities (inesco, undated). Although these differences
are unlikely to exceed 0.005%, in C12 this is considerably greater than the
standard =rror of a single N.I.O. or Copenhagen determinaticn. It would bz prudent
in our opinion to withdraw thase Unesco tables before they are widely circulated,

The earlier results suggested that Sk (the salinity estimate based on obser-
vation of density ratio) is more closely related to S3 (based on conductivity
ratio) than to S2 (based on chlorinity). The specification of Sk, in terms of
density ratios and chlorinities determined at N.I.0., i1s now under consideration,
In the meantime the earlier conclusion should be regarded as tentative until 1t
is confirmed.

CONCLUSIONS

wWe reccrmend that the Committee issue, with a full account of their construc-
tion, tables by which salinity can be estimeted from measurements of conductivity
ratio,

These should, in our opinion, be based on measurements of chlorinity and
conductivity ratio made at N.I1.0.

Tables based -on other measurements should be withdrawn and conclusions based
upon them treated with reserve,
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EZPORT ON THS MEASUREMENT O~ REFRACTIVE
INDEX OF SEA WAT:R SAMPLES

by

J.S.M. Rusby
National Institute of Oceancgraphy

A Jamin interferometer has been used in a temperature controlled rcom to
measure the difference in refractive index between test samples and Copenhagen
sea water. It 1s possibls to read fringe displacement to better than 1/30C¢h
fringe which would give a theoretical accuracy of 2 in the Tth decimal place for
refractive index when using the 10 cm interferometer cell. This is equivalent
to a change in salinity of 0.001%,. However the practical accuracy of the
measurements is limited by th> temperature stability of the optical parts of the
apparatus, and also the errors introduced in handling the sea water and rinsing
the —:ell,

To date measurements of the refractive index have been rade at 20°C on 0
surface water samples with salinity values evenly spaced between 30 and 39%,.
These samples were specially selacted for their good agreement between the measure
values of chlorinity and conductivity ratio in terms of salinity units. In order
to identify the integral number of fringes involved it has been found necessary
to plot a curve of the gradient of the chlorinity/refractive index curve versus
chlorinity. Likewise the curve of the gradient of conductivity ratio/refractive
index has also been plotted. Both these curves are linear over a large part of
their length which indicate that the curves of chiorinity versus refractive index
and conductivity ratio versus refractive index are exponential. In salinity unit:
the gradients decrease from

s

Z??ial = 0.0001885 at 30%,
Or .
o Sal

Some preliminary calculations show thatthe standard deviation of the measured

points from the best curve in a chlorinity versus refractive index plot is
0.005%, (salinity units).

0.0001870 at 40%,
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