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IN MEMORIANM

Maurice Menaché

Maurice Menaché was born on 26 August 1907 in Aleppo, Syria.
After receiving his secondary schooling in Syria, he began his
university studies in Paris, but World War II interrupted his studies;
he entered the French resistance movement. Forced to flee the advancing
Nazis, his escape route led him to Spain where he was imprisoned.
He managed to escape again, and Jjoined the army of Maréchal Juin.
After participating in the Italian campaign, he returned home as
a war invalid.

He finished his formal scientific education at the Faculty
of Sciences of the University of Paris, followed by oceanographic
training ifn Denmark. In 1946, he began his career in France's "Office
de la Recherche Scientifique et Technique d'Outre Mer" (ORSTOM, now
"Institut Francais de Recherche Scientifique pour le Développement
en Coopérati on"%.

Mr. Menaché was fascinated by the problems of salinity of
seawater and 1ts relation to chlorinity and density. He was an admirer
of the classical works of Knudsen, Forch and Sbrensen, and treasured
his copy of the French translation of their 1902 treatise in German.

Among other projects, he carried out research on the validity
of the use of Copenhagen Standard Sea HWater for the determination
of chlorinity of Mediterranean water, and directed the major part



of the at-sea operational portion, in the Indian Ocean, of the French
oceanographic contribution to the International Geophysical Year.
He was the organizer and first director of the Centre Océanographique
de Nosy Bé, Madagascar (1954-1961).

In addition to his didactic activities for ORSTOM, he taught
physical oceanography at the Faculty of Sciences of the University
of Paris. His scientific activities were in three basic domains: (1)
metrology and methodology in analysis of seawater (chlorinity, oxygen,
etc.); ?2) estuarine studies; and (3) marine hydrology. He participated
in numerous oceanographic campaigns, particularly in the Indian Ocean,
and wrote or co-authored dozens of articles that were published in
scientific journals.

Although he retired from ORSTOM in 1967 with the grade of
"Inspecteur Général de Recherche", he continued his research activities
at the laboratory of the Institut Océanographique, Paris, until finally
illness overcame his tenacity.

It was particularly in the latter years of his life that Dr.
Menaché became involved with international bodies working towards
the establishment of internationally accepted standards. For example,
although his first contacts with the [nternational Bureau of Weights
and Measures were in 1948, it was in 1968 that he began a decade
of collaboration with the Bureau. During these years he worked on
the absolute density of water and the verification of its relation
to 1isotopic composition. His efforts contributed to the approval
by the International Union of Geodesy and Geophysics (IUGG) in 1975
of the recommendation of the International Union of Pure and Applied
Chemistry, calling for a new determination of the absolute density
of water and its parameters.

He established a reputation in the international marine
scientific community especially through his involvement in the work
of the Joint Panel on Oceanographic Tables and Standards (JPOTS),
which brought him into close collaboration with the Panel's sponsoring
bodies: Unesco, the International Association for the Physical Sciences
of the Ocean (IAPSO) and the International Council for the Exploration
of the Sea (ICES). As an observer, he attended the 1965 and 1967
JPOTS meetings in Rome and Bern, and at the latter meeting was
nominated to serve as the Unesco representative on the Panel. Also,
he was designated as the Panel's representative on the IUGG Committee
on Critical Data. During the fifteen years in which he was involved
with the Joint Panel, he became known for his extreme precision in
scientific definitions and terminology and for his diligence and
devotion concerning the work of the Panel. In particular, his
colleagues were impressed by his friendliness and generosity.

Mr. Menaché served as Chatrman of the [APSO Working Group
on Symbols, Units and Nomenclature (SUN) from 1976 until he asked
to be relieved of this duty, because of failing health, in 1983.
The work of the "SUN Gioup" culminated in the Production of “The
International System of Units (SI) in Oceano?raphy', which was issued
fn 1985 as a joint document: Unesco Technical Paper {in Marine Science
Number 45 and IAPSQ Publication Scientifique Number 32.




In 1983, he became the first recipient of the IAPSO "Hard
Work Award" as a token of the esteem of the Association. Those who
have worked with Dr. Menaché share this esteem, which, it is felt,
has been eavrned by his scientific achievements and by his enthusiasm
not only for research and training but also for measures to facilitate
the free communication among scientists and among people all over
the world.

"Lauréat” of the Institut Océanographique, Maurice Menaché
also held the French "Médaille Militaire", "Croix de Guerre" and
the rank of "Officier dans 1'Ordre National du Mérite". He died on
9 September 1986, a few months before his eightieth birthday. The
international marine scientific community will remember him as an
eminent member of their ranks. For years, many will regret the passing
of a friend.



PREFACE

This series, the Unesco Technical Papers in Marine Science,
is produced by the Unesco Division of Marine Sciences as a means
of informing the scientific community of recent advances in
oceanographic research and on recommended research programmes and
methods.

The texts in this series are prepared in co-operation with
non-governmental scientific organizations. Many of the texts
result from research activities of the Scientific Committee on
Oceanic Research (SCOR) and are submitted to Unesco for printing
following final approval by SCOR of the relevant working group
report.

Unesco Technical Papers in Marine Science are distributed
free of charge to various institutions and governmental authorities.
Requests for copies of individual titles or additions to the
mailing list should be addressed, on letterhead stationery if
possible, to:

Division of Marine Sciences
Unesco

Place de Foiutenoy

75700 Paris, France.

The designations employed and the presentation of the material {n this
document do not imply the expression of any opinion whatsoever on the

part of the Unesco Secretariat concerning the legal status of any country,
territory, city, or area of its authorities, or concerning the delimitation
of its froniers or boundaries. The ideas and opinions expressed are those
of the authors and do not necessarily repraesent the views of Unesco.



ABSTRACT

The present document covers activities carried out by and under
the auspices of the Joint Panel on Oceanographi: Tables and Standards
(JPOTS) over the period of 1983-1986. The first part is the report
of the Chairman of JPOTS on the activities of the Panel during the
period 1983-1985. Two major topics were considered by the Panel:
(1) The production of Volume 4 of the International Oceanographic Tables,
covering properties derived from the International Equation of State of
Seawater (E05-80); (2) the study of the thermodynamics of the carbon
dioxide system in seawater. In additfon, matters concerning nomenclature
and the updating of information for oxygen saturation calculations were
considered. The second part is a summary report of the first meeting of
the JPOTS Edito—-ial Panel on the Oceanographic Manual, which took place
in Moscow, from 30 June to 4 July 1986. It gives the plans and contents
of the proposed "Manual on Processing of Oceanographic Station Data".

RESUME

Le présent document décrit les activités menéea & bien par le
Groupe mixte d'experts sur les tables et les normes oc&anographiques
(JPOTS) ou sous son é&gide pendant 1la période 1983-1986. La premidre
partie contient le rapport du Président du JPOTS sur les activités du
Groupe au cours de la période 1983-1985. Celui-ci a &tudié deux grandes
questions : (1) L'Etablissement du Volume 4 des Tables océanographiques
internationales traitant des propriétés tirées de 1'Equation interna-
tionale d'&tat de 1'eau de mer (E0S-80) ; et (2) L'étude de la thermo-
dynamique du régime du dioxyde de carbone dans 1l'eau de mer. Ont &té
exaninds en outre des probldmes relatifs 3 la nomenclature et 3 la mise &
jour de 1'informatfon concernant le calcul de la saturation en oxygéne.
La deuxidme partie ccatient le rapport succinct de la preaidre réunion du
Comité de rédaction du Manuel oc&anographique du JPOTS, tenue & Moscou du
30 juin au 4 juillet 1986, Ce rapport présente le plan et le contenu du
"Manuel de traitement des données des stations oc8anographiques™ qu'il
est proposé d'é&tablir.



(ii)

RESUMEN

En el presente documento se reseffan las actividades efectuadas por
la Comisi6én Conjunta de Normas y Tablas Oceanogr&ficas (JPOTS), o bajo
sus auspicios, en el periodo 1983-1986. La primera parte contiene el
informe del Presidente de la. JPOTS sobre las actividades de la :Comisién
en 1983-1985. la Comisién examiné dos temas principales: 1) la produccién
del Volumen 4 de las Tablas Oceanogr&ficas Internacionales, que abarca
las propiedades derivadas de la Ecuacién Internacional de Estado del Agua
del Mar (ECS-80); 2) el estudio de 1la termodinfémica del sistema del
di6xido de carbono en el agua de mar. Ademis, se examinaron cuestiones
relativas a la nomenclatura y la actualizacién de las informaciones rela-
tivas a los célculos de saturacién en oxfgeno. La segunda parte contiene
el informe resumido de la primera reunién del Comité Editorial de 1la
JPOTS sobre el Manual Oceanogrdfico, celebrada en MoscG del 30 de junio
al 4 de julio de 1986. En ese informe figuran los planes y contenidos del
propuesto “Hanual sobre Procesamiento de Datos procedentes de Estaciones
Oceanogréficas”.

PE3KOME

B HacToAameM NOXYMEHTE paccMaTpHBaKWTCHA MepONpHATHSA, NPO-
BeneHHsle O6benHHeHHOR rpynnofl 1o oxeaHorpadHyecxHM Tabiuuam
# cranpapraM (OI'OTC) u non ee arupoft sa nepuon 1983-1986 rr.
B nepBo#f YacTH COREPXHTCSA AOKNan npencenarenss OroTC o pesa-
TenbHOCTH I'pynnu sa nepuon 1983-1985 rr. I'pynno#t 6unu pac-
CMOTpEeHbl nBe OCHOBHble TeMb: (1) napanHe ToMa 4 MexayHapon-
HBIX OoxeaHorpadHuecknx Tabnuil, BKAWUAWMHX CBORCTBA, NMOnyyeH-
Hble ¢ noMomblw MexXayHapoOLilOrO ypaBHEHHA COCTOSHHA MOpPCKOfl
sont! (EOS-80); (2) uccnemoBaHHe TepMOAHHAMHKH CHCTEMbH 06—
MeHa yrnexicnoro rasa B MOpcxofi Bome. KpoMe ToOro, 6unu pac-
CMOTpPEHB BOMPOCH, KacawmuecA HOMEHXNATYpH H OGHOBJIEHHA HH-
dopMauHH, xacawmefcsa pacueTa HacChMEHHOCTH XHCIOponoM.Bropar
yacTb npeacrasnsger co6oft xpaTxkuft goxnam O NepBoOM COBEMAHHH
penaxTopcrkoft rpynnst OI'OTC no OxeaHorpaduuyecxoMy CNpaBOUHHKRY,
xoTopoe npoxonuno B Mocxse ¢ 30 uwHA no 4 uwng 1986 r. B
HeM NPHBONATCA MNAHKN H conepxaHHe npeanoxeHHoro "Pyxosopn-
CTBa NO O6paboTKe NaHHHX OoxeaHorpad¢Hueckoft cTaHUHH",
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PART I

JOINT PANEL ON OCEANOGRAPHIC TABLES AND STANDARDS

Report on Activities

during 1983-1985



1.

Introduction
During the period of 1983-1985 several ad hoc meetings have been convened both for

consideration of matters arising from the establishment of the Practical Salinity Scale and the
Equation of State of Seawater (UNESCO, 1981a,b,c,d; UNESCO, 1983a), and for considera-
tion of thermodynamic relationships in the carbon dioxide system in seawater (UNESCO,
1983b). In this report brief summaries of these meetings are presented. The results of the
deliberations of the carbon dioxide sub-panel of JPOTS will be presented as a separate report.

(1

(2

(3)

The present report covers three meetings held during the period of 1983-1985:

A meeting in July 1983 of selected panel members and invited experts to consider the
requirements for the production of Volume 4 of the Oceanographic Tables; i.e., a table
of properties derived from the equation of state of seawater;

A meeting in August 1983 of the subpanel on the thermodynamics of the carbon dioxide
system in seawater,

A meeting in December 1984 of the sub-panel on Volume 4 of the Oceanographic
Tables, and of the sub-panel on the thermodynamics of the carbon dioxide system in
seawaler,

In addition several matters, particularly concerning the problem of nomenclature for

salinity and density anomaly, were handled by correspondence.

2,

Addresses of attending members and guests

Dr. R. Bates Department of Chemistry

University of Florida
Gainesville, FL. 32611
USA

Dr. A. Dickson Scripps Institution of Oceanography

University of California, San Diego
La Jolls, CA 92093
USA

Dr. D. Dyrssen Department of Analytical and Marine

Chemistry
Chalmers University and
University of Giteborg
S-41296 Gtteborg
Sweden

Dr. N.P. Fofonoff Woods Hole Oceanographic Institution

Woods Hole, MA 02543
USA



Dr. J.M. Gieskes

(Chairman)

Dr. E. LaFond

Dr. E.L. Lewis

Dr. O. Mamayev

Dr. R. Millard

Dr. F.J. Millero

Dr. S. Morcos

Dr. R. Perkin

Dr. A. Poisson

Dr. R M. Pytkowicz

Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093

USA

LaFond Oceanic Consultants
P.O. Box 7325

San Diego, CA 92107

USA

Frozen Sea Research Group
Institute of Ocean Sciences
P.O. Box 6000

Sidney, B.C. V8L 4132
Canada

Moscow State University
117234 Moscow
USSR

Woods Hole Oceanographic Institution
Woods Hole, MA 02543
USA

Rosenstiel School of Marine
and Atmospheric Sciences
4600 Rickenbacker Causeway
Miami, FL 33149

USA

Division of Marine Sciences
7 Place de Fontenoy
F-75700 Faris

France

Frozen Sea Research Group
Institute of Ocean Sciences
Sidney, B.C. V8L 4B2
Canada

Laboratoire de Physique et Chimie Marines
Université P, et M. Curie, Tour 24

Place Jussieu

F-75230 Paris, Cedex 05

France

School of Oceanography
Oregon State University
Corvallis, OR 97331
USA



Prof. J.L. Reid Scripps Institution of Oceanography

University of California, San Diego
La Jolla, CA 92093
USA

Dr. M. Wedborg Department of Analytical and Marine

Chemistry
Chalmers University and
University of Gtteborg
S-41296 Géteborg
Sweden

3. Meeting of July 5-8, 1983 - La Jolla

The following persons were in attendance: Dr. N.P. Fofonoff; Dr. J.M. Gieskes (Chair-
man), Dr. B. LaFond, Dr. B.L. Lewis; Dr. O. Mamayev; Dr. S. Morcos;, Dr. R. Perkin; Dr.
A. Poisson; Prof. J.L. Reid.

The meeting commenced at the Scripps Institution of Oceanography on Tuesday, July 5,
1983 at 2 p.m. It was decided to discuss first some general items, before coming to the major
item of business, i.e., a discussion of the contents and layout of the Oceanographic Tables,
Volume 4: Derived properties from the equation of state of seawater,

3.1. General items

311

3.1.2,

3.13.

Dr. Lyn Lewis indicated that some errors occurred in the Russian language version
of the UNESCO Technical Report 39 (Oceanographic Tables Volume 3). Dr. Oleg
Mamayev agreed to provide a corrected version to Dr. Selim Morcos of UNESCO.

The meeting considered a proposal by the director of the Institut fuer Meereskunde
of the Academy of Sciences of the German Democratic Republic to organize a work-
ing group on "Intercomparison of high precision in-situ sensors®. JPOTS agrees that
SCOR should be encouraged to form such a working group, perhaps in close
cooperation with Working Group 51 (WG-51).

A major item for discussion was the proposed document on Algorithms for Oceano-
graphic Computations by N.P. Fofonoff and R. Millard. This document was an
amended version of a previous ore circulated to the JPOTS membership. A number
of suggestions were made, especially concerning the omission of absolute conduc-
tivity values and with respect to the drawing of validity boundaries in specific exam-
ples.

Dr. Fofonoff agreed that conductivity ratios should be used in the algorithms,
but urged tha: JPOTS should consider the problem of absolute conductivity in the
future.

During 1983 the requested amendments have been made and circulated.
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Meantime UNESCO has published No. 44 of the UNESCO Technical Papers in
Marine Science: "Algorithms of Fundamental Properties of Seawater” (UNESCO,
1983a).

3.2 Yolume 4 of Oceanographic Tables

The most important item for discussion during the July meeting was on the layout of the
Oceanographic Tables, based on the Practical Salinity Scale 1978 (PSS78) and the Equation of
State of Seawater 1980 (EOS80).

Dr. Oleg Mamayev presented a draft of the Tables, prepared by him at the request of
UNESCO. This document as well as socalled LaFond Tables (LaFond, 1951) were the basis
for the ensuing discussions.

As a result of the thorough discussions by the Panel, Dr. Oleg Mamayev was requested
to revise his suggested Table of Contents.

Dr. E. LaFond suggested that each table be preceded by a sample calculation much in
the way as was done in his own oceanographic tables (LaFond, 1951). The membership
strongly endorsed this concept.

In July 1984 Dr. R. Millard of Woods Hole finished a draft of Volume 4 under an
UNESCO contract. This table was further discussed in December 1984 (see below).

An important topic of discussion was the possible production of an "Oceanographic
Manual' in the model of the U.S. Navy's publication on "Processing of Oceanographic Data"
(LaFond, 1951). It was agreed that the production of such a manual was not under the man-
date of JPOTS, although JPOTS strongly endorses that such a manual be produced through
UNESCOQ/SCOR. Certainly selected members of JPOTS could serve on a working group
established to prepare such a document.

After further discussion with SCOR, IAPSO, ICES and UNESCO a JPOTS Editorial
Board for the production of this manual has been nominated, with the following membership:
Dr. H. Dooley (ICES), Dr. O. Mamayev (UNESCO), Dr. R. Millard (SCOR) and Dr. K.
Taira (IAPSO). Dr. O. Mamayev has begun consultation on this matter through correspon-
dence. A possible meeting of the Editorial Panel is envisioned for 1986.

4. Meeting of carbon dloxide subpanel, August 26 and 27, Kiel

The following persons attended the meeting: Dr. R. Bates; Dr. D. Dyrssen; Dr. J.M.
Gieskes (Chairman); Dr. F.J. Millero; Dr. S. Morcos; Dr.A. Poisson; Dr. R.M. Pytkowicz.

The meeting started on August 26 at 9:30 a.m. Professor Wolfgang Krauss welcomed
the membership, as did Professor Jan Duinker. JPOTS appreciates the hospitality of Profes-
sors Krauss and Duinker, who made it possible to hold this meeting at the Institut fuer



Meereskunde in Kiel.

The discussions of the CO2 subpanel focused on the preliminary report of the subpanel,
which has appeared in the series on UNESCO Technical Papers in Marine Science (UNESCO,
1983b). The contents of the report were discussed in detail and, based on new information,
various improvements were suggested. Special attention was given to:

(1) Newly obtained data on the dissociation constants of boric acid in seawater (A. Dickson
and R. Bates);
(2) New buffers useful in seawater (R. Bates).

A major point of discussion was the intercomparison of the two recent data sets on the
dissociation constants of carbonic acid in seawater. Though there exists a systematic
discrepancy between the two data sets (UNESCO, 1984) it was decided to attempt an investi-
gation into pooling the data sets.

It was agreed by the subpanel that during 1984 various panel members would work
together in drafling a final version of a report to the sponsoring agencies.

The final report should contain:

(1) An introduction to the thermodynamics of the CO, system;

(2) A section on the performance of calculations using the thermodynamic information;

(3) A section on the intercomparison of pH scales, pK{, pK{, pK{ and the possible pooling of
the available information;

(4) A section on the information available on the solubilities of various carbonate phases.

5. Meeting of sub-panel on Volume 4, December 10, 1984, La Jolla

The following persons atended this meeting: Dr. J.M. Gieskes (Chairman); Dr. E.
LaFond; Dr. R. Millard; Dr. E.T. Millero; Dr. S. Morcos; Dr. A. Poisson; Dr. R. Perkin; Dr.
J. Reicl.

The Chairman introduced to the membership the background leading to the necessity of
producing a set of tables based on the new equation of state for seawater. Dr. Robert Millard
was acknowledged for the large amount of effort in producing the existing draft of Volume 4.

Because of the planned Oceanographic Manual it was decided that there would be no
need to precede every table of Volume 4 with a detailed sample calculation. Examples of
interpolations will be given in the introduction to Volume 4.

It was decided that tables on the adiabatic lapse rate should be redone using EOS-80 so
as to cover the lower salinity range. Dr. F.J. Millero commented that expansibilities may
change slightly if a more accurate pure water equation is adopted. The present version due to
Biggs covers only the temperature range of 0-40°C.



-8-

Nomenclature in the Tables was considered and it was decided to cleave to the recent
SUN report adopted by IAPSO (UNESCO, 1985), which means using y for the density ano-
maly, and § for the specific volume anomalies. Unless specifically defined, no subscripts such
as 8t will appear, but bracketed variables will be used in accordance to SUN usage.

At the end of the meeting there was a long discussion considering the special definition
of the specific volume anomaly used in the Soviet literature, i.e., subtraction of 0.9 x
10'3m3kg". A number of panel members questioned the need for including a second
definition of specific volume anomaly, especially in view of the adoption of the SUN recom-
mendations. It was decided to include tables using the above definition, but to delegate them
to an appendix, and to include a paragraph in the introduction to Volume 4, discouraging
their use.

The final version of Volume 4 has been circulated to the JPOTS membership for com-
ment in September 1985, and publication is expected in early 1987.

6. Meeting of carbon dioxide subpanel, December 11 and 12, 1984 - La Jolla

The following persons were in attendance: Dr. R. Bates; Dr. A. Dickson ; Dr. J.M.
Gieskes (Chairman); Dr. F.J. Millero; Dr. S. Morcos; Dr. A. Poisson; Dr. M. Wedborg. Dr.
J. Weare (University of California, San Diego) was present as an observer; Dr. R.M. Pyt-
kowicz was unable to attend.

Special attention was paid to the possible pooling of thermodynamic information on the
carbonic acid dissociation constants, as well as to information on boric acid dissociation con-
stants. Special altention was given to various pH scales and agreement was reached to recom-
mend the use of scales based either on the concentration of free hydrogen ion or the concen-
tration of hydrogen ion free and combined with constituents (sulfate, borate, fluoride, etc.)of
the seawater. Knowledge of carbonate solubilities was still considered to be ambiguous.
However, the subpanel agreed that a consistent picture on the thermodynamics of the carbon
dioxide system in seawater is now possible. A detailed report is in preparation for publication
in the UNESCO Technical Papers in Marine Science Series. This will replace the previous
report (UNESCO, 1983b). Publication in early 1987 is expected.

7. Matters arising from correspondence

Various matters of concern to JPOTS have arisen during the period 1983-1985. Most of
these have been handled by correspondence, but below JPOTS recommenations are sum-
marized.



7.1. Practical Salinity

During the meeting of JPOTS in Sidney, B.C. (UNESCO, 1981a) it was decided that
salinities based on the Practical Salinity Scale 1978 were to be expressed by dimensionless
numbers one thousand times larger than those used in previous definitions. Indeed, in prin-
ciple, previously established salinity scales were defiied on a mass fraction basis (mass of
"salt" per mass of solution), and under the SI concept would be dimensionless. The expres-
sions parts per thousand or %/o0 or 10 were only used to indicate that the weight fraction
was multiplied by a factor of 1000. During the work to establish the practical salinity scale,
the primary standard salinity (S = 35.000) was chosen to equal that of standard seawater, so
as to provide continuity with previous salinity scales (UNESCO, 1981a,b). The standard KCI
solution was chosen to yield a conductivity ratio (at 15°C and standard atmospheric pressure)
of Kls = },00000 when compared with S = 35.000 standard seawater. All the work to estab-
lish PSS 78 and EOS 80 was then carried out on S = 35 standard seawater weight diluted by
distilled water or carefully evaporated (UNESCO, 1981a,b).

Notwithstanding the fact that the definition of Practical Salinity (UNESCO, 1981a,b)
omits units or a designator, some members of the panel and of the oceanographic community
felt that the issue of a possible designator (or units) should be considered further. For these
reasons the JPOTS Chairman polled the panel as well as interested experts on this mattar in
order to establish a consensus. The main result of this survey is that cogent reasons exist
that no designator or units should be assigned to practical salinity. Henceforth practical salin.
ity should be expressed by a dimensionless number only and should be written as, e.g., S =
34.960. Of importance, however, is that oceanographic publications should clearly state that
PSS78 is being used, a usage mandatory as from January 1, 1982. After that usage of S =
34.960 or "the salinity is 34.960" should suffice. The IAPSO sponsored SUN report on units
and nomenclature in oceanography is consistent with this concept. This SUN report has been
published by UNESCO during 1985 (UNESCO, 1985).

7.2. Density anomaly

Traditionally the symbol & (S,t,p) or o has been used by oceanographers in relation to

the specific density anomaly or the "Knudsen parameter™:

o = (relative density -1) x 1000.
With the arrival of EOS 80 and the production of Volume 4 and the Algorithms for Oceano-
graphic Computations the use of absolute density has been advocated (p, kg m>3). From this
one then derives the density anomaly, which equals p - 1000 kg m™3. This quantity, of
course, is different from the Knudsen parameter. M. Maurice Menache of the SUN Working
Group of IAPSO, proposed the usage of a different symbol for these purposes:

y(S,1,p) = p(S,t,p) - 1000 kg m™>
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A survey of the oceanographic community on this issue revealed no consensus on this
issue, some favoring o (S,t,p), others Ap, and others y (S,1,p).

For these reasons the Chairman of JPOTS has given his support to the SUN Working
Group proposal to use y as the officially designated symbol. Again, if another symbol is used
(e.g., o (S,1,p) or Ap (S,t,p) it should be well indicated in the text that this is not the Knudsen
parameter in terms of relative density. Volume 4 of the Oceanographic Tables will adhere to
the SUN recommended symbol.

7.3. The use of conductivity ratio (not conductivity) in calibration curves for oceanographic
instruments

At regular times various members of JPOTS have been queried about the use of the
Practical Salinity Scale (PSS 78) in algorithms for in sirt instrument calibration. Often
manufaciurers express their measurements in terms of conductivities, whereas in reality the
measurements yield a conductivity with reference to a standard. For these reasons Dr. E.L.
Lewis has prepared a statement on this icsus, which JFOTS intends to disseminate to
manufacturers and appropriate trade journals.

The Practical Salinity Scale of 1978 (PSS 78) defines salinity in terms of a conductivity
.atio between the sample water and that of standard seawater at 15°C. The standard seawater
is in turn defined as having a conductivity ratio of unity at 15°C with respect to a potassium
chloride solution of specified concentration by weight. Since lanuary, 1982 the oceanographic
community as represented by their international organizations, ICES, IAPSO and SCOR, has
made the use of the Practical Salinity Scale 1978 mandatory in their publications and have
strongly suggested that its use should be one of the criteria for acceptance by technical or
scientific journals,

The absence of mention of conductivity is quite deliberate. Our ability to measure the
conductivity of any electrolyte is less exact than that required for the accurate determination
of salinity and this is reflected in the widely varying estimates of the conductivity of standard
seawater quoted in the literature. This uncertainty is the reason for the existence of standard
seawater, a calibration standard which allows the oceanographer to determine conductivity
ratios by direct comparison, Since the measurements are, therefore, always ratios, there is no
need to introduce absolute conductivities. Thus it is unfortunate that instrument manuals
produced by a number of manufacturers persist in vtilizing conductivity in data reduction
equations as this creates possibilities of systematic error in comparison belween various
instruments. Implicit within the coefficients of the manufacturer’s equation is a specific value
for the conductivity of the standard water which may or may not be the same as that of
another manufacturer. Ultilization of any given equation means that the particular value
selected by that manufacturer is incorporated within the final data produced.
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It is strongly recommended that all new editions of operating instructions be altered so
as to reflect a ratio value rather than a conduclivity value. This may be achieved with trivial
work by dividing through the coefficients of each factor in the equation by the value of the
conductivity for standard seawater originally utilized in producing the equation.

Operators using equipment calibrated in the old fashioned way should write to the
manufacturer asking for the value of conductivity used by him and carry out the division pro-
cess themselves. This enables direct entry into the algorithms for the PSS 78.

A special note on this subject has been prepared for dispersal to manufacturers of CTD
equipment (Appendix 2).

7.4 Secondary standard seawater

One of the standing nractices in oceanography is the production of standard seawater in
countries where large quantilies is required, principally designed to avoid purchasing the
IAPSO Standard Seawater prepared by the Institute of Oceanographic Sciences (10S), Worm-
ley, United Kingdom. JPOTS is particularly concerned about the calibration of these stan-
dards, and recommends that these standards be considered as secondary standards upon the
condition that they are calibrated against JAPSO Standard Seawater which in turn is standard-
ized against the primary KClI standard (UNESCO, 1981a,b).

7.5. Oxygen solubllity

Since the publication of the UNESCO International Tables on oxygen solubility in scawa-
ter, an error was noticed in the algorithm used for the generation of this table (UUNESCO,
1981a). S'nce that time more precise measurements of oxygen solubility have been carried
out so that the recommendation of a new formula for oxygen solubility is called for. JPOTS
endorses the formula proposed by member F.J. Millero as given in Appendix 1 of this report.
JPOTS suggests that users of the oxygen solubility tables are made aware of this problem, and
that a future reprinting of the oxygen tables should use the newly recommended formula in
the generation of these tables. The opinion of JPOTS will be solicited during 1986.

7.6. SUN Report

The SUN report (UNESCO, 1985) has beén distributed to the Joint Panel and commen-
taries, if any, havz been requested. No negative comments have been received and JPOTS
recommendatio”s for nomenclature are consistent with the SUN report. The chairman of
JPOTS, therefore, has forwarded the official approval of the SUN report to the President of
SCOR.
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APPENDIX 1

SOLUBILITY OF OXYGEN IN SEAWATER
by
FRANK J. MILLERO

Recently Benson and coworkers (1979, 1980, 1984) have made very precise measure-
ments on the solubility of oxygen in water and seawater. These measurements were made
from 0 to 45°C and S = 0 to 50. The results have an estimated uncertainty of 0.1% which is
better than the equations (0.2%) developed by Weiss (1970) based on the earlier measure-
ments of Carpenter (1966) and Murray and Riley (1969). There is some confusion over the
interpretation of the equations of Weiss (1970). This is made clear in the following paragraph
quoted from Benson and Krause (1980),

"In 1976, Postraa et al. constructed the UNESCO International Oceano-

graphic Tables from the equations of Weiss. Unfortunately, they apparently

assumed that the values of Weiss were given as the volume the gas would

occupy at STP if it were ideal. (The factor 89.23 used by Postma et al. to

convert from volume of gas at STP to ug-atoms is equivalent to 22,414 cm?

.mol'l) In fact, Weiss (pers. comm.) intended his values to be expressed

in terms of the volume which would be occupied by a real gas at STP. (The

corresponding conversion factor would be 89.318, which is equivalent to

22,392 cm® . mol’l) The UNESCO values are systematically low by from

0.15t0 0.35%."
A comparison of the differences between the UNESCO Tables (1976) and the new measure-
ments are given in Table 1. At low temperatures the differences are as high as 1.3 ymol kg"
(0.4%) while the differences at temperature between 15 to 35°C are ~0.6 umol kg'! (0.3%)
for S = 35 seawalter.

A comparison of the new measurements and the equations of Weiss (1970) is given in
Table 2. As is quite apparent from these comparisons the agreement is within 0.2% over
most of the oceanographic range of t and S (which is the quoted precision of the Weiss equa-
tion). The differences at low temperatures and high salinily are significant, howevzr, and 1
feel that the new work of Benson and Krause should be adopted by the joint panel.

The solubilities for seawater solutions (Benson and Krause, 1984) can be determined
from the equations (t = 0 to 40°C. S = 0 to 40)

In C (umol kg'!) = -135.29996 + 1.572288 X 10°/T - 6.637149 X 107/T2 + 1.243678 X
1019713 - 8.621061 X 1011/T - S (0.020573 - 12.142/T + 2,363.1/TD),
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Here T = 5°C + 273.15.

Tables for the solubility of O2 in seawater can be generated from this equation. I should
point out that the pure water results of Benson and Krause (1984) have already been accepted
for freshwater work (Mortimer, 1981), and their freshwater and seawater results (Benson and
Krause, 1984) have been approved for publication in the 16th Edition of Standard Methods
for the Examination of Water and Waste Water (1985).
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TABLE 1

Percent Differences Between the concentrations of O2 in Seawater
Obtained from the UNESCO (1976) Tables and Benson and Krause (1984).

A (%)2
Temp. S=0 S=10 $=20 S=30 S=35 S=40

-0.2 0.0 0.1 0.3 0.4 0.5

5 -0.2 0.1 0.0 0.1 0.2 0.2
10 -0.2 0.1 0.1 0.0 0.0 0.0
15 -0.2 0.2 -0.1 -0.2 -0.2 0.1
20 0.3 -0.3 0.3 -0.3 -0.3 0.3
25 0.3 0.3 0.3 -0.3 -0.3 0.3
30 0.3 0.3 0.3 -0.3 -0.3 0.3
35 0.3 0.3 0.2 -0.2 -0.2 -0.2
40 -0.1 0.1 0.0 0.0 0.1 0.1

2 4. 0,(UNESCO) —~ O, (Benson and Krause)

0, (Benson and Krause) X 100%
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TABLE 2

Percent Differences Between the Cencentrations of 02 in Seawater
Obtained from the Equations of Weiss (1970) and Benson and Krause (1984)

A (%)2
Temp. S=0 S=10 $=20 S=30 S=35 $=40
0 0.1 0.0 0.2 0.4 0.5 0.6
5 -0.1 0.0 0.1 0.2 0.2 0.3
10 -0.1 0.0 0.0 0.1 0.1 0.1
15 0.1 -0.1 -0.1 0.1 -0.1 0.0
20 0.2 -0.2 -0.2 -0.2 .0.2 -0.2
25 -0.2 -0.2 -0.2 -0.2 .0.2 -0.2
30 -0.2 -0.2 -0.2 -0.2 .0.2 -0.2
35 .0.2 -0.2 -0.2 -0.1 -0.1 -0.1
40 0.0 0.0 0.1 0.1 0.2 0.2
ol —
8 4. 0,(Weiss) — O, (Benson and Krause) X 100%

0, (Benson and Krause)
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APPENDIX 2

October 29, 1985

To: Manufacturers of CTD Equipment
From Joris M. Gieskes

Chairman of the Joint Panel on Oceanographic Tables and Standards
Subject: Practical Salinity Scale

The: Joint Panel on Oceanographic Tables and Standards wishes to bring to your attention the
following matter concerning the conversion of CTD data to Practical Salinity values.

The Practical Salinity Scale of 1978 (PSS 78) defines salinity in terms of a conductivity ratio
between the sample water and that of standard seawater at 15°C. The standard seawater is in
turn defined as having a conduclivity ratio of unity at 15°C with respect to a potassium
chloride solution of specified concentration by weight. Since January, 1982, the oceano-
graphic community as represented by their international organizations, ICES, IAPSO and
SCOR, has made the use of the Practical Salinity scale 1978 mandatory in their publications
and have strongly suggested that its use should be one of the criteria for acceptance by techn-
ical or scientific journals.

The absence of mention of conductivity is quite deliberate. Our ability to measure the con-
ductivity of any electrolyte is less exact than that required for the accurate determination of
salinity and this is reflected in the widely varying estimates of the conductivity of standard
seawater quoted in the literature. This uncertainty is the reason for the existence of standard
seawater, a calibration standard which allows the oceanographer to determine conductivity
ratios by direct comparison. Since the measurements are, therefore, always ratios, there is no
need to introduce absolute conductivities. Thus it is unfortunate that instrument manuals
produced by a number of manufacturers persist in utilizing conductivity in data reduction
equations as this creates possibilities of systematic error in comparison be(ween various
instruments. Implicit within the coefficients of the manufacturer’s equation is a specific value
for the conductivity of the standard water which may or may not be the same as that of
another manufacturer. Ulilization of any given equation means that tie particular value
selected by that manufacturer is incorporated within the final data produce.

It is strongly recommended that all new editions of operating instructions be altered so as to
reflect a ratio value rather than a conductivity value. This may be achieved with trivial work
by dividing through the coefficients of each factor in the 7 uation by the value of the conduc-
tivity for standard seawater originally utilized in producing 'he equation.

Operators using equipment calibrai.2d in the old fashioned way should write to the manufac-

turer asking for the value of conductivity used by him and carry out the division process
themselves. This enables direct entry into the algorithms for the PSS 78.
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Background literature on this subject may be obtained from:

Division of Marine Sciences
UNESCO

Place de Fontenoy

75700 Paris, France

In particular we refer to the following documents:

UNESCO (1981a). The practical salinily scale 1978 and the international equation of state of
seawater 1980. Tenth Report of the Joint Panel on Oceanographic Tables and
Standards, Sidney, B.C., Scptember, 1980. Unesco Technical Papers in Marine
Sciences, No. 36, pp. 25.

UNESCO (1981b). Background Papers and Supporting Data on the Practical Salinity Scale
1978. Unesco Techni.cal Papers in Marine Sciences, No. 37, pp. 144,

UNESCO (1981c¢). Background Papers and Supporting Data on the International Equation of
State of Seawater 1980. Unesco Technical Papers in Marine Sciences, No. 38, pp.
192,

UNESCO (1981d). International Oceanographic Tables, Vol. 3. Unesco Technical Papers in
Marine Science, No. 39, po. 111.

UNESCO (1983). Algorithms for Computation of Fundamental Properties of Seawater.
Unesco Technical Papers in Marine Science, No. 44, pp. 53.
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REPORT OF THE MEETING OF THE JOINT EDITORIAL PANEL
ON OCEANOGRAPHIC MANUAL

Moscow State University, Moscow, 30 June - 4 July 1986
1. OPENING

The meeting was opened in the Geographical Faculty of Moscow State
University, at 10.30 on 30 June 1986, by the Deputy-Dean of the Paculty
of Science, Prof. v. Konishev. All members of the panel were
present, namely: Prof. O. Mamayev (Unesco), Dr. K. Taira (IAPSO),
Dr. R, Millard (SCOR), Dr. H. Dooley (ICES) and Dr. S. Morcos
{Unesco). In his opening speech, the Deputy-Dean welcomed the Panel to
Moscow State University and spoke of the very valuable work that had
been entrusted to the Panel. 1In response, Dr. S. Morcos (Unesco)
formally reviewed the background to the establishment of the Panel,
which had been set up under the auspices of the Joint Panel on
Oceanographic Tables and Standards (JPOTS) to devise a new
oceanographic manual. This manual, following the model of the
publication "Processing Oceanographic Data" by E.C. LaFond, 1951
(called "LaFond Manual® hereafter) which had been used by generations
of marine scientists, had become necessary following the recent
endorsement by IAPSO, SCOR and ICES of the use of the Practical
Salinity Scale (1978) and the International Bquation of State of
Seawater (1980). The full text of Dr. S. Morcos' address is given in
Annex I.

1.1 BRlection of Chairman and Rapporteur

The Panel appointed their host, Prof. O. Mamayev, Chairman of
the Rditorial Panel and of this meeting. Dr. Mamayev had prepared all
the documentatjon to provide the basis for the meeting. Dr. H,
Dooley was appointed the Rapporteur of the meeting. The List of
participants is given in Annex II.

1.2 Agenda

An annotated provisional agenda had been circulated to menbers by
Dr. 0. Mamayev prior to the meeting. The members agreed that this
would provide a useful and effective structure for the meeting and
adopted it as the agenda. It is attached as Annex III to this report.

1.3 List of Dbcuments

Several documents prepared by Dr. O. Mamayev had been circulated
to members prior to the meeting for preliminary consideration. These
included a document he had prepared entitled *Preliminary
Considerations on the Structure of the Future Manual for Processing of
Oceanographic Data®™. The full List of Documents is given in Annex 1V,
and Dr. Mamayev's document {8 Annex V. Dr. K. Taira and Dr. H.
Dooley ulso provided written contributions ("Comments/suqggestions from
ICES Hydrographer® and "Needs of New Manual in Japanese Oceanographic
Community", respectively) and Dr. R. Millard provided the final text
of Volume 4 of the International Oceanographic Tables (hereafter cited
glaply as "Volume 4"),
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2. GUIDELINES FOR THE EDITORIAL_ PANEL AND OBJECTIVES OF MANUAL

2.1 Guidelines

Dr., 8. Morcos referred to various reports of SCOR that dealt
with the reasons for the establishment of the Panel. In particular, he
noted that SCOR had been invited to take the initiative in organizing
the production of a manual which would provide guidance on the use of
the Practical Salinity Scale (1978) and the International Equation of
State of Seawater (1980), both developed by JPOTS, taking into account
that users of the manual may not have computing facilities. 1In
particular, the Panel had to examine closely any possible
inter-relationship with Volume 4 which is in the process of being
published by Unesco, since this manual was specifically being designed
for use by individuvals lacking access to computing facilities, and for
educational purposes. The Panel noted that it was expected to complete
fts work within two years.

2.2 Objectives

The Panel accepted at the outset that the oceanographic manual
they were charged with preparing, may not be of direct use to
professional oceanographers who had access to the computing facilities
of a modern oceanographic institute. Their needs have already been
fully met by the recently published papers in the series Unesco
Technical Papers in Marine Science, in particular No, 44 which
describes algorithms derived from the Practical Salinity Scale (1978)
and the new International Equation of State of Seawater (1980).
However, it was considered that there was a real need for a basic
manual describing hand processing procedures to serve other groups
concerned with data collection, in particular marine biologists and
fisheries scientists., It was also considered that such a manual would
provide an invaluable educational tool for the training of future
generations of oceanographers, for whom a fundamental grasp of the
basic calculation processes was considered essential,.

In defining the objectives, a primary consideration was that it
should provide a simple guide to the manual calculations of
oceanographic parameters, as was the case with the "LaFond Manual®,
The Panel had, however, some difficulty in deciding where its starting
point should be, taking into account the fact that oceanographic
practices had changed since the production of that manual in 1951, due
to the advent of the CTD. The basis of this difficulty was the serious
delay of SCOR WG 51 on Evaluation of CTD Data, in producing its report
on recommended procedures on data acquisition using CTDs. However, the
Panel assumed that this work would be completed in due course and
consideced that the {ndependent parameters for the manuval were
pressure, temperature and salinity of known precision and derived from
accepted procedures (as agreed by WG 51). The Panel also noted that
there wus a considerable quantity of data being created by conventional
means, that is by water bottles and reversing thermometers, and data of
this type should provide the starting point for this manual, as was the
case In the "LaFond Manual®, but taking into account the revision of
standards and unite following the adoption of the SUN Report as well as
of the Practical Salinity Scale. The Panel also agreed that the basis
of the demonstrations of the calculation procedures should be a
selection of previously published CTD casts, reduced to selected
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standard levels which would demonstrate the results of machine
calculation of derived values from a high resolution data set as
compared to the results of the "hand" calculations using the selected
depth (low resolution) data. Adopting this approach would offer the
additional benefit of providing the reader with information on the loss
of precision as a resulc of large integration intervals that are the
norm in water bottle oceanography.

3. REVIEW OF EXISTING MANUALS AND GUIDES

The Panel reviewed the contents of existing publications,
including the "LaFond Manual", Zubov's oceanographic tables and other
manuals prepared by data centres, including the NODC manual. It also
considered several atlas-type publications and data reports including
those of GEOSECS, Fuglister and that of the AJAX expedition (Annex VI).
In particular, it took note of the draft of Volume 4, This volume,
providing a detailed description of various oceanographic tables using
the new standards, correctly employed pressure (decibar) as the
independent variable dictating the need for this to be the independent
variable in this manual. This represents a fundamental departure from
the depth parameter used hitherto in most manuals on oceanograhic data
processing (including the "LaFond Manual"). Thus the data which will
be used as the basis of this manual would be derived from CTD profiles
from which values of pressure, conductivity and temperature are
obtained. Due account would be taken of the data derived from water
bottle casts,

4. DETAILS OF THE MANUAL

in considering the details of the manual, the Panel made use of
the working document prepared by Dr. O. Mamayev (Annex V), taking
into account the general considerations discussed in the preceding
sections, Dr. tfamayev's proposals considered a manual divided into
three sections, namely: 1) Scientific Background, 2) Processing
Procedures (with worked examples) and 3) Oceanographic Tables and
Graphs.

4.1 Scientific Background

It was agreed that this section should consist of six
sub-sections, namely:

(1) Introduction,

This would be prepared by Dr. O. Mamayev and Dr. S. Morcos, and
would state the purpose of the manual, indicating the intended
audience,

(2) Background and basis of computation of properties from vertical
profiles of temperature-conductivity-pressure

This would describe the criteria used in the selection of the station
data in the manual, stating that the data forming the basis for the
processing is of selected (standard depth) CTD data, created from a
data set of 2 dbar resolution., The connection of this type of data to
water bottle data would be described. Drs. R. Millard and H. Dooley
would prepare this sub-section.
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(3) The Practical Salinity Scale (1978) and the Internztional Equation
of State of Seawater (1980).

It was appreciated that detailed descriptions were alveady available in
the series Unesco Technical Papers in Marine Science, but the matter
was sufficiently important to warrant inclusion here. The Panel
considered however that a more "user-friendly“ type presentation was
more appropriate for the intended user of the manual. The algorithms
given in Fofonoff (1985) would meet this requiremant,

(4) Conversion of existing data in PSS-78, E0S-60 - dependent data.

Since there is a possibility that prospective users of the manual may
have at their disposal only salinity data created from the Cox or
Knudsen-Ekman salinity scales, it was necessary to provide advice on
how these dJdata may be converted to the practical salinity scale. The
Panel recommended that a group be set up to provide guidance. This
group should use Dr, Mamayev's recent publication on the Practical
Salinity Scale (Okeanologia, Vol. XXVi, No. 3, 1986) together with
previous ones, as well as the Japanese Oceanographic Data Centres'
pubiication on the conversion of data, as the basis for its
considerations. It would work by correspondence and be led by R.
Perkin. Other members of the group that were suggested by the Panel
were L. Lewis, N. Fofonoff, K. Taira and O. Mamayev.

(5) Thermometry

It was noted that present manuals on oceanographic data processing
contained details on how to process data acquired from reversing
protected and unprotected thermometers. Indeed, the "LaFond Manual®
contains details of the hand calculation of thermometer corrections and
includes several tables to facilitate the calculation. The Panel
considered that, for the sake of completeness, the manual should
contain an informative description on how to perform the calculation,
and should also contain advice on how to obtain the most rellable data,
including the need for careful calibration of thermometers. Dr. K.
Taira agreed to prepare this section in consultation with Dr. Dooley
who will contact appropriate experts from within ICES,

(6) Standard Seawater

The Panel considered that guidance was necessary in the acquisition of
precise and comparable salinity values from water bottle samples. It
noted in particular the concern of SCOR on the production of standard
seawater 1In various countries. It has been suggested that the IAPSO
standard water should be the basic standard which alone 4is calibrated
against potassium chloride solution. It wae therefore agreed that Dr.
Culkin should prepare this section, pointing out the need to record
information on the standard water batch {in use, and also the
availability of standard water of various salinity (e.g. K-Series,
L-Serlus).

4.2 Processing Procedures

In discussing the contents of this part of the manual, the Panel
scrutinized the draft of Volume 4, with which the manual under
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consideration was to be closely aligned. 1t was particularly conscious
of the need to avoid duplication with this volume but considered a
layout that would serve to supplement it. The Panel also noted that
Volume 4 covers salinity ranges up to 40, which fall short of covering
the Red Sea. It is intended that the manual will extend the coverage
to the ranges of salinity and temperatures encountered in the Red Sea
{75% of the total volume of the Red Sea is composed of uniform water of
40.5-41 salinity and 21-22¢0C). In this way, it was hoped that the
needs of scientific research and education would he fully catered for.
As a result, the Panel considered the following to be the best formula
for this section of the manual.

(1) Selected Oceanographic Stations

As decided in the preceding sections, the basis of the manual would be
calculation based on at least two pairs of oceanographic (CTD) stations
which consisted of data calculated using the Practical Salinity Scale
(1978). It noted that this approach had been used in an appendix which
had been prepared by Dr. Perkin for the draft of Volume 4. The Panel
considered, however, that this appendix would create a significant
overlap with the objectives of the present manual and, moreover, did
not meet all the criteria set by the Panel., It therefore considered
that this appendix should be withdrawn from the draft of Volume 4.
However, it was agreed that the approach adopted by Dr. Perkin was
entirely relevant to the objectives of the manual and his help shquld
be sought in completing the technical details of this section.

Drs. Millard and Taira were asked to select the appropriate pairs
of oceanographic stations (from the Atlantic and the Pacific), bearing
in mind the guidelines set by the Panel. 1In particular, these stations
should be full-depth profiles to at least 4,000 db pressure, with data
selected at standard pressure intervals. For the purposes of
informative fllustration, the stations should exhibit a complex
stability pattern and be in an area of significant geostrophic shear.

(2) Smoothing and interpolation of standard to non-standard pressures

This section should contain a description on how the standard depth
data from the selected oceanographic stations were derived. The
methods of smoothing CTD data to selected standard depths will be
considered as will the varfous procedures to produce similar data sets
from water bottle profiles, It was agreed that the help of the
Chafirran of WG 51, J. Crease, should be enlisted to consider the
contents of this section, and that there would be close consultation
with Dr. Millard (CTD) and Dr. Dooley (water bottles).

(3) Pressure to depth and depth to pressure conversion

It was noted that Volume 4 already described a procedure to convert
pressure information to depth and the reader would be referred to this.
However, since potential users of the manual may wish to work from data
which has only depth (wire-out) Iinformation as the independent
variable, a table should be provided, with explanatory iInformation to
enable depth data to be converted to pressure. Dr. Millard undertook
to prepare this table.
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(4) Computation of adiabatic lapse rate and potential temperatures

Using the station data described in Section (1), the methods of
computation and examples woula be discussed using Tables 16-20 of
Volume 4. Dr. Millard will draft this section.

(5) Computation of density (anomaly of density), potential density and
specific volume (specific volume anomaly) at atmospheric and
elevated pressures

The Panel discussed this item in some detail, especially with regard to
the adequacy of the data listed in Volume 4., 1In certain respects, some
of these tables were not sufficient, in terms of their range and
resolution, to enable accurate hand computation, but it was considered
that this short-coming could be overcome by including graphs of various
tables contained in Volume 4, with ranges extended. This approach
would in particular help the manual to nmeet 1its educational
requirement. Dr. Mamayev presented examples of graphs that could be
included and agreed to give this matter more detailed consideration,
based on the above discussion.

(6) Derivatives of density - Thermal expansion, saline contraction,
isopycnal derivatives, etc., versus pressure

These parameters are all listed in Volume 4, and provide the capability
to hand compute Brunt-Vaisala frequency. This calculation is, however,
a rather cumbersome procedure and the Panel felt that the needs of the
manual could best be met by the presentation of various graphs of these
paranmneters, or, alternatively, using pressure interpolation tables that
had been prepared by Dr. Mamayev. Dr. Mamayev and Dr. Millard were
asked to prepare the detailed design of this section, in particular to
agree on the beat way to hand calculate these parameters, which may be
a combination of these two possibilities.

(7) Vertical stability calculated by different methods

Informative calculations of these types would be particularly useful
for the objectives of the manual. The main approach would be a
demonstration of the calculation by various methods which would bring
out the use of the adiabatic lapse rate and sound speed amongst other
parameters. It would also demonstrate the contribution to stability
from temperature and salinity separately. Dr. N. Fofonoff would be
asked to contribute to this section, in consultation with Drs. R.
Millard and O. Mamayev.

(8) Speed of sound in seawater

Dr. Mamayev had prepared a graph of the data tabulated in Volume 4 and
the Panel agreed that this provided a useful presentation.

(9) Computation of dynamic depths (heights)

Taking into account the earlier decision by the Panel not to 1include
the appendix in Volume 4 concerning this parameter (and related
parameters), Dr. Perkin would be asked to transfer the substance of
his work and to contribute to this section using the station data
selected by Drs. Millard and Taira. Dr. Mamayev also agreed to keep
in close touch with this work,
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(10) and (11) Relative geostrophic currents, dynamic topography,
available potential energy and volume transport calculations

A similar conclusion to that for section (9) was reached for this item,
but it was additionally agreed that Dr. Fofonoff should be asked to
contribute to the discussion (calculation) of available potential
energy.

(12) Other

This section was left open pending further investigation by Dr.
Mamayev on possible parameters that are accessible to hand calculation
and which are used commonly in modern oceanographic literature.
Possible candidates for inclusion are potential vorticity and density
anomaly at deep pressure horizons, amongst others.

4.3 Discussion on overall layout of manual

The Panel considered that the general layout described above,
dividing the content into two sections (Part 1 on Scientific Background
and Part 2 on Processing Procedures) was the most effective way to
structure the manual and would create a logical flow to the
increasingly complex parameters being presented in the manual.
However, it was unable to decide at present on the actual contents for
a third part of the manual that may be used as an annex/appendix to
describe and/or list more details from certain sections. FPor example,
sequences of graphs and/or tables may best be included here, as was the
case in the "LaFond Manual®" for example. However, a decision on this
need not be formally made until after Dr. Mamayev has drawn together
the potential materfal that may be included in this section.

The Panel considered that an appropriate title for the manual
which would fully describe 1its objectives would be: "Manual on
Processing of Oceanographic Station Data". 1It was also agreed, based
on the discussion of the preceding sections, that the proposed table of
contents would be as given in Annex VII,

5. COMPUTATIONAL NEBEDS FOR THE PRESENTATION OF THE MANUAL

In introducing this item, Dr. Mamayev indicated that there was
some need to come to an early decision on what further processing was
required, as there were financial implications for the sponsoring
organizations. It was clear however. that all of the bulky computations
were over because we have decided to link this manual closely with
Volume 4. In addition, it has been decided that the main 1isting of
data to be wused in hand calculation would be by means of graphical
presentation, but some additional computations may be required in
connection with this. It was not possible at this stage to decide on
precisely what may be required; this must await the preliminary work to
be done by Dr. Mamayev, who would, on the basis of the Proposed Table
of Contents Iin Annex VII, promulgate amongst participants appropriate
candidates for inclusion. 1t was also suggested that at an early
stage, each member of the editorial board should go through the hand
calculation procedures to ensure that the proposed manual (including
tables and graphs) are complete, accurate and clear to the reader.
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6. FUTURE MEETING

The Panel noted that they were expected to complete their work by
the end of 1988. It was clear that this would not be possible without
one further meeting of the Panel, The details of the shape and precise
details of the manual had yet to he decided. Furthermore, since the
Panel had delegated several aspects of the preparation of the manual to
invited sprcialists (to be coordinated by Dr. Morcos), it was
necessary to review and approve this work in a meeting. Accordingly,
the Panel accepted the invitation by Dr. H. Dooley to hold the next
meeting at the ICES Secretariat in Copenhagen at the end of June 1987.
In order to finalize the manual and adopt its final form, the Panel
considered that a third meeting will be required in the summer of 1988.

In this regard, the Chairman was reminded by Dr. Morcos of his
obligation to prepare a chairman's summary for presentation to the
SCOR Executive Meeting (which took place in November 1986).

Finally, the meeting adopted the following recommendation,
addressed mainly to 1its sponsoring organizations, Unesco, SCOR, ICES
and IAPSO,

RECOMMENDATION

The Unesco/ICES/SCOR/IAPSO Joint Editorial Panel on the
Oceanographic Manual,

Having convened its first meeting in Moscow from 30 June to 4 July
1986,

Strongly supports the concept that the manual will be an invaluable
reference for physical oceanographers and other marine scientists, as
well as for educational purposes;

Agrees on the scope, objectives and provisional contents of the manual
entitled "Manual on Processing of Oceanographic Station Data", and that
a period of two years is required for its completion, that is, by the
end of 1988;

Realizes the need for two more meetings to finalize the manuval, and
that some additional work on computations, graphs and desiqgqn will be
needed in the course of the preparation of the manual, and therefore
requests Unesco, SCOR, ICEBS and IAPSO to provide funds for meeting
expenses, contracts for consultants and computations;

Accepts the kind invitation of the ICES Secretariat to host 1its next
meeting in Copenhagen, and requests its sponsoring organizations to
support this meeting.
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VISIT TO THE NORMAL SEAWATER SERVICE, ANALYTICAL LABORATORY QOF P.P,.
SHIRSHOV INSTITUTE OF OCEANOLOGY, USSR ACADEMY OF SCIENCE, MOSCOM.

On'wédnesday 2 June 1986, the members of the Panel-.visited the
Normal (Standard) Seawater® Service in Moscow, where they were met by
Mrs. M. P. Nesterova and co-workers. This service was started in
1956, and produces about 10,000 ampoules of normal seawater per year
(in 5 batches of about 2,000 ampoules each). The 1labels carry the
number of the batch, the date, K15 and C1%0o0. The normal seawater of
the USSR is a secondary standard of the IAPSO Standard Seawater
produced 1in Wormley, U.K. It is solely calibrated against the latter.
Mrs. Nesterova affirmed that this procedure will continue and that
there is no plan to standardize the USSR normal seawater against KCl
solution. She confirmed that the only primary standard seawater should
be that of IAPSO produced in Wormley, U.K. 1In reply, Dr. S. Morcos
(Unesco) praised her efforts and intentions, and invited her to
continue her cooperation with Dr. F. Culkin, Director of the IAPSO
Standard Seawater Service. He also declared that Unesco is ready to
help in advancing cooperation between the two services with a view to
maintaining a high quality and reliable product.

- CLOSURE OF THE MEETING

The Panel meeting was closed at 12.00 on Friday 4 July 1986, in
presence of some staff members of the Geographical Faculty, who helped
the Panel in its work throughout the meeting. Also present, was Dr.
P. Agafonov, Secretary, Oceanographic Committee of the Soviet Union,
Dr. O. Mamayev expressed his satisfaction with the meeting and its
results, and his gratitude for his election as Chairman of the Panel.
On behalf of the members of the Panel, as well as of thes sponsoring
organizations, Dr. S. Morcos expressed his appreciation of the
facilities put at the disposal of the meeting, and of the efforts 1in
making their stay in Moscow both a profitable and enjoyable one.
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ANNEX 1

JOINT EDITORIAL PANEL ON OCEANOGRAPHIC MANUAL
Pirst Meeting, Moscow, 30 June - 4 July 1986

Address by Dr. S. Morcos (Unesco)

Dear Colleagues,

It ig my great pleasure to speak to you on the occasion of the
first meeting of the Joint Editorial Panel on the Qceanographic Manual,
taking place today in Moscow State University.

It is no exaggeration to say that the Joint Panel on Oceanographic
Tables and Standards which was created in 1964, is the longest serving
inter-organization body in oceanography. The Panel was formed by
members nominated by Unesco, SCOR, IAPSO and ICES. Although the member-
ship of this Panel has changed with time, it has continued its work with
remarkable success and with the ability to absorb and master new ideas
through the gradual progress in technology, as reflected in the precise
measurement of conductivicy and density of seawater. As a result, a
preaktnrough was accomplished and announced as the Practical Salinity Scale
(1978) and the International Equation of State of Seawater (1980).

The technical details of these achievements were published as
Unesco Technical Papers in Marine Science No:s. 36, 37 and 38. New

International Oceanographic Tables, Volumes 3 and 4, were produced and
new algorithms were published by Unesco, as Unesco Technical Papers in

Marine Science Nos. 39, 40 and 44 respectively. In another parallel

devalopment, the SUN Group on Symbols, Units and Nomenclature in Physical
Oceancgraphy finalized its raport which was published as Unesco Technical
Papers in Marine Science No. 45 and IAPSO Publication Scientifique No. 32,

The new International Oceanographic Tables, Volume 4, entitlaed
"Properties of Seawator derived from the Equation of State", did howaver
encounter geveral delays, but is now almost ready for publication. It was
during the discussions on tha contents and layout of these tables that the
idea of producing an "Oceanographic Manual'" came up as an important point
of discussion during the JPOTS Sub-Panal Meeting in Scripps Institution
of Oceanography, La Jolla, U.S.A., from 5 to 8 July 1983,

puring the following SCOR Executive Meeting in Paris in September 1983,
the proposal to produce A manual was brought to the attention of SCOR by
Unosco and JPOTS. Allow ma to read the following paragraph from the SCOR
Raport of Septembor 1983:



- 34 -

"JPOTS had recommended that SCOR undertake the preparation of a
basic manual to provide guidance to the users of the Practical Salinity
Scale and the International Equatibn of State. The Président of IAPSO
hoted that IAPSO had passed a resolution to this effect at its General
Assembly in Hamburg. After some consideration as to the appropriate
agencies for completion of this task it seemed that a 'JPOTS Editorial
Panel' consisting of one member representing each of the sponsors of the
Panel might be the most efficient means of producing such a manual. The
President of ICES and the Director of the Unesco Division of Marine
Sciences concurred with this proposal which will be developed further in

consultation with the Chairman of JPOTS before the next meeting of SCOR."

However, no progress was made at that time in nominating the members
of the Panel. In the SCOR Mgepinq in Roscoff, France, in October 1984,
Unesco proposed that SCOR invito.each sponsoring organization to designate
a member of the Panel. In addition, Unesco pointed out that "since the
manual will deal with special needs of oceanographers in developing
countries, small institutions and universities, attention should be given

to the expertise required of the members of the Panel."

According to the Report of the SCOR Assembly of 1984, "the other
co~gponsors of JPOTS have invited SCOR to take the initiative in
organizing the production of an ‘'oceanographic manual' after the style of
a volume entitled "Processing Oceancgraphic Data" which was prepared by
Dr. E. Lafond in 1951. Such a basic manual would provide guidance to the
users of the standaxds developed by JPOTS who may not always be highly
trained marine scientists. SCOR agreed to invite each of the co-sponsors
of JPOTS to nominate an individual ta serve on an editorial panel which
will undertake the preparation of this manual., Dr. Morcos, the
reprasontative of Unesco noted that the Division of Marine Sciences would
provide funds to permit the employment of a junior scientist to assist with
the collection of material for the manual.”

In the following year, Unesco put forward a recommendation to the
SCOR Executive that met in Seattle, in September 1985:

"Upon the advice of JPOTS and following resolutions by the IAPSO
General Assembly (Hambuxg, August 1983) and the SCOR Executive (Pariw,
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September 1963), the production of a basic manual for the users of the
Practical Salinity Scale 1978 and the International BEquation of State

of Seawater 1980 was recommended, A JPOTS Editorial Panel consisting

of one member nominated by each of the sponsoring organizations, was
proposed. After active consultation between SCOR, IAPSO, ICES and Unesco,
the following members were nominated: Dr. H., Dooley (ICES), Dr. O. Mamayev
(Unesco), Dr. R. Millard (SCOR) and Dr. K. Taira (IAPSO). Prof. Mamayev
took the initiative to begin consultation through corresbondence. It is
hoped that the first meeting of the Editorial Panel will be held in 1986."

In the report of the SCOR Executive in Seattle, the following

statement was made:

“"The production of an Oceanographic Manual by Unesco was discussed by
the subpanel, and, although the usefulness of such a manual was generally
agreed on, it was decided that this was not the immediate task of JPOTS,
but would best be accomplished under the auspices of JPOTS. In the mean=-
time, & panel has been appointed for this purpose by SCOR with representatives
of IAP30, ICES and Unesco and has begqun its work in correspondenée. The
members of this panel, which will meet in late 1986, are Drs. Millard (SCOR),
Taira (IAPSO), Dooley (ICES) and Mamayev (Unesco)."

A you can see, it took three years to bring us together here today.
Of course, some work has been done during that period thanks to your
cooparation, and the immense interest of Prof. Oleg Mamayev in seeing
this manual produced. Prof. Mamayev has, indeed, been very active both
in correspondence with uz members of the Panel, and in the preparation of
this meeting. Having said that, I should like to express Unesco's hope
that this manual will be produced in the most efficient way and will be
based on the experience gained in many nations and schcols. We also hopae
that it will attraot a wider audience in the oceanographic community and
ens\rae mora compatibility in oceancgraphic data.

Dear Colleagues, on behalf of Unesco and the sponsoring organizations,
SCOR, IAPSO and ICES, let me express my thanks to the Oceanographic
Committee of the Soviet Union, to the Commission of the U.S.S.R. for
Unesco and the U.5.S.P. Parmanont Delegation to Unesco, for their offorts
in the preparation of this meetirg. Our gratitude is also due to our host
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institution, the Moscow State University, to its Faculty of Geography and
to our oceanographic colleagues in this institution. Here, I wish to

mention in particular the efforts of Dr. Peter Agafonov, Dr. Vassily Zivago

and Prof. Oleg Mamayev.

Finally, I have pleasure in conveying to you the greetings of
Mr. Amadou Mahtar M'Bow, the Director General of Unesco, and his besgt

wishes for the success of this meeting.

Thank you.



- 37 -

ANNEX IT
UNESCO
Joint Editorial Panel on Oceanographic Manual
First Meeting, Moscow, 30 June - 4 July 1986
LIST OF PARTICIPANTS
Dr. Harry D. DOOLEY, - Rapporteur

International Council for the (ICES)
Exploration of the Sea (ICES),

Palaegade 2-4,

1261 Copenhagen K,

DENMARK.
Dr. Oleg MAMAYEV, Chairman
Department of Oceanology, (UNESCO)

Moscow State University,
Moscow 119899,
U.S5.S.R.

Dr. Robert MILLARD, Jr. (SCOR)
Woods Hole Oceanographic Institution,

Woods Hole, MA 02543,

U.S.A.

Dr. Selim MORCOS, (UNESCO)
Division of Marine Sciences,

UNESCO,

7., place ¢le Fontenoy,

75700 Paris,

FRANCE,

Dr. Keisuke TAIRA, (IAPSO)
Ocean Research Institute,

University of Tokyo,

Minamidai, Nakano-Ku,

Tokyo 164,

JAPAN,



-39 - ANNEX III

UNESCO

Joint Editorial Panel on Oceanographic Manual

First Meeting, Moscow, 30 June - 4 July 1986

ANNOTATED PROVISIONAL AGENDA

1. Opening of the meeting

The meeting will be opened at 10:00, 30 June 1986, in the main
puilding, Sector A, of the Moscow State University, Lenin Hills, on
the 18th floor in the office of the Dean of the Geographical Faculty.
The Dean of the Faculty will address the meeting, Then it will proceed
in Room 17-17 (17th floor).
The Chairman of the Panel and the Rapporteur of the meeting shall be

elected.

2. Guidelines for the Editorial Panel and Objectives of the Manual

The decisions of the governing bodies on the establishment of the
Editorial Panel shall be reviewed; according to those, the Panel is to
prepare "a basic manual to provide guidance to the users of the Practical
Salinity Scale, 1978, and the International Equation of State of Seawater,
1980" (cf. "SCOR Proceedings', Vvol., 20).

The objectives of the Manual will be discussed according to its main
purpose to describe in detail procedures of processing continuous
temperature and salinity (conductivity) versus pressure data collected
at sea, conversion of sca observations to standard units and derivation
of dependent quantities.

1t is presumed that the basic (i.e. minus instrumental and other
corrections) values of temperature and salinity at different depths, as
usually already published in data sources, will be the starting point of
the processing of ocecanographic observations with the aid of the Manual.
Tho connection with "International Oceanographic Tables", vol. 1V, will
be decided.

3. Review of existing Tables and Manuals for processing oceanographic

data

It is presumed that participants will bring with them and present
at the meeting different sources available in their possession and

currontly used in oceanographic practice in different countries and
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international organizations (IODE of IOC, Service hydrographique of
ICES, etc.). Several sources were listed in the working paper
"Preliminary considerations ...", despatched to the members of the Panel

by Unesco on 3 September 1985,

4. Consideration of Preliminary Table of Contents of the Manual

The members of the Panel are asked to give advance consideration
to this subiect and bring their proposals to the meeting.
The draft proposal will be circulated at the meeting.
One point should be born in mind, namely whether it is needed that one
particular section of the Manual be devoted to the problem of conversion

of existing data to the "new" data.

5. Computational Needs for the Preparation of the Manual

Will be discussed in the course of the meeting.

6. Future Work and Meetings

Will also be discussed in the course of the meeting.

7. Closure

The meeting will be closzd (presumably) at noon, 4 July 1986,
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UNESCO

Joint Editorial Panel on Oceanographic Manual

First Meeting, Moscow, 30 June - 4 July 1986

LIST OF DOCUMENTS

Provisional
Annotated Provisional Agenda
Table of Contents of the Manual (first draft)

Preliminary considerations (on the structure of the
future manual for processing of oceanographic data)

Example of selection of a pair of stations from the
AJAX Expedition (Graph)

AJAX Expedition, RV "Knorr'" Station 6€ (published
data and computational examples)

On the comparison of the equations of state of

seawater (Knudsen -~ Ekman's and the International, 1980)
by 0. I. Mamayev ("Okeanologia", 1986, Vol. XXVI, No. 3,
pp. 505-513, in Rusaian)

ANNEX 1V
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ANNEX V

PRELIANIRARY CONSIDERATIONS

on the structure of the future manual for processing of
oceanographic dats

by 0.1.Mamayev

Besides the tablso, computationa) graphs should be in my opinion
included into the Manual *). Some good sxamples of such graphs,
which could be used not only for the purpose of illustration, i.e.
showing the character of the function, but for direct computation,
might be found in the following sources:
I. Callaway E.B. Graphical determination og specific volume anomaly
and .current. Trans. Amer, Geopbys. Union, vol. 32, no. 5, 1951.
Contain graphs for determining Sép and STD (corrections
t0 the specific volume anomaly) with the precision required
for the dynamical computations. Also -~ samples of sheets of
vyS = diagram ( As'r’s - diagram). All these are quotea hy
LaPond on his page 15.
2. Pollak M.J. Static stability parameters in oceanography. Jouarn.,
MWar. Res., vol., I3, no. I, I954.
Two graphs of adiabatic density gradient and its pressure
correoction drawn on a square paper and of a very compact size
(approximately only 10 x I5 c¢m), are presented in this artiole.
They allow, despite their small size, to calculate adiabatio
density gradients and hence vertical stadbility to a needed
degree of preocision.
J. Thorsde H. Ein Nomogramm zur Bestimmung der Dichte des Seewassers.
Ann. Hydrogr. maritim., Xeteorol., Bd. 55, H. I, 1927,
Two nomograns (folded) for determining 93,“ and l\rS'l'p at
high pressures (up to I0 000 decibars) and temperature range
of abysssl waters ( =2 to + °C).
4. Tables of Sound Speed in Sea Water. N,O. Speo. Publioatior SP-58
(Supplement to H.O, Publ. 624). Washinitton, D.C., 1962,
Sound speed nomogran (one folded nheet) on a square paper for
detormining sound speeds, c%Tp’ for the whole range of
2417430 %, 0< 5441 °/o0 and 0< p < 80CO decibars to
within one meter per seocond.

In my view, Pollak's nomograms oited above constitute the best example

*) Oraphs of large volume end extent (bulky), namely graphs for osl-
culation of LPor V’ (such Xxind of graphs, " 6T =charts") are men-
tioned by LaPond in a footnote (p.I6) are not considered here.
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of small-scale graphs, allowing quite good accuracy, that should be
recommended for inclusion into the Manual. Two other examples, graphs
on & millimeter paper, are attached hereto (Figs. 1 and 2), These are
the graphs on a temperature-salinity plane of partial derivatives,
IO4( 3‘?/31') and - 104( 3\?/35) at atmospheric pressure. The sccond
one may be without alteration used for the vertical stability calcu-
lations; the first one should probably be two times bigger in scale to
serve the same purpose.

JI. Besides LaFond's Manual, N.N.Zubov's "Oceanological Tables" (Cidrometeo-
izdat, Leningrad, lrd Bdition, 1957, 406 pp., in Russian) might be
considered as one of the principal guides for preparation of the new
Namual. These tables include 227 tables and consist of eleven sections

and an Appendix, including three worked examples. "Oceanogravhical

Tables" (Gidrometeoizdat, Leningrad, 4th Edition, 1975, 477 pp., in

Russian) succeed Zubov's tables and contain 234 tables.

11X. DBesides the manuals and guides of LaPond's or Zubov's type, extensive
tables and graphs for calculating Sigma = T or specific v-lume (at at-
aospheric pressure) were published several times. Of these the most
important issues should be mentioned:

I. Tables for Sea Water Density. H.0. Publ. No. 6I5, Washington, D.C.,
1952, 265 pp.

Kulticoloured sheets for caloulating Sigma-T praciically to
& very good precision of 1073,

2. Kalle K. und Thorade H. Tabellen und Tafsln ftir die Dichte des
Seewassers ( d‘l‘)' Aus dem Archiv der Deutschen Seewarte und des
Xarineobservatorivm, 60. Band, Nr. 2, I1940.

Kulticoloured sheets for determining Sigma - T to within 1072,

3o Zubov N.N. and Sirotov X.K. Altum of Oceanological Graphs. 0idro=
meteoizdat, Mosoow, 1942, 55 pp., in Rusaian.

Album of 23 x 32 om size containing, smong others, 29 sheets
of 1,5 « diagrams for determining specific volume at atmosphe-
rio pressurs for the range of 2< S < 40%/00, 241 < 13%.
Graphs sre built on a millimatar paper in & acale: 1° 1 om,
I %/o0 » 10 om, which allcws 10 determine specifio volume
to sithin 107,
IV, The Manual should contain worked examples based on two (or more) very
good ooesnographic stations, ocoupied down to the bottom (e.g.,stations
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from GEOSECS Expeditions) presenting detailed camputations of vertical
distribution of parameters and functions based on application of PSS-78
and EOS-80 to the values measured at sea, namely:

- pressure (from depth) or vica versaj;
- density (sigma~T, density in situ, potential density), specific
volume anomaly etc.}
= Dynamic height anomaly (differences of these anomalies and Jack-
helln's transport functions for two nearby stations also);
- adiabatic lapse rate and potential temperature;
- Brunt-VEisdl& frequency (vertical stability) calculated by diffe-
rent methodsg
= available potemtial energy, steric deviations;
- other internal parameters (dependant on stratification) etc.
This list, of cource, is provisional. Calculations based on other than
vertioal stations oceanographical data may also be taken into consi-
do;ction.

The above considerations oan be detailed greately if they prove
relevant.

6 August 1985
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££ficient of saline “"contraction™ of seawater, 1046 = 104(1/0)(30/65) at atmospheric pressure.

Fig. 2:
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ANNEX VI

AJAX EXPEDITION, RV "KNORR", STATION 66, 17 JANUARY 1984

zm) T(CQ) B8(c) S é, & D p (dbar)
0 9.673 9.673 34,144 26,339 1I167.5 0,000 0
I0 9.663 9.662 34.I43 26.340 167.6 0.0I7 IO
20 9.664 9.662 B34.I43 26,340 167.9 0,034 20
30 9.657 9.654 B34.I44 26,342 167.9 0,050 30
40 9.489 9.485 34,154 26,378 164.7 0.067 40
50 9.349 9,343 34,173 26.416 I6I.3 0,083 50
75 8.246 8,238 234,291 26.68I 136.4 0.I20 76
100 7.387 7.377 34,306 26.9I8 I23.6 0,I53 IOI
125 6,997 6.985 34,258 26.836 122.3 0.I84 126
150 6.807 6.792 34,263 26.867 II9.8 0,214 I5I
I75 6.842 6.826 34.300 26,891 1I7.9 0.244 I76
200 6.735 6.7I7 34,347 26,943 1I13.4 0.273 202
225 6.5I7 6.497 34,341 26,968 III.3 0.30I 227
250 6.I24 6.I02 34,308 26,993 I09.I 0.328 252
o275 5.756 5.733 34,290 27,025 I06.,2 0.355 277
300 5.5I9 5.494 234,281 27.047 104,3 0.38I 303
350 4,775 4.748 84,219 27,085 100,7 0.433 353
400 4.372 4.342 34.202 27,115 -97.9 0,482 404
450 4,120 4.087 34,195 27,137 96.2 0,531 454
500 3.952 3.9I6 34.I95 27,154 94.7 0,579 605
550 3.725 3.886 54.198 27,180 92.5 0,625 555
600 3.569 3.527 34,201 27,198 9I1.0 0.67I 606
700 3.2I2 3.I65 34,219 27.247 86.6 0,760 707
800 2.980 2.927 84,250 27,293 82.5 0,845 808
900 2.841 2.78I B54.287 27,335 78.9 0,925 909
1000 2.746 2.680 34,340 27.387 74,6 I1.002 I0IO
1100 2.675 2.602 34,399 27.440 70,0 XI.074 III2
J200 2.66I 2.580 34,453 27,486 66.4 I.I43 1213
I300 2.670 2.58I 34.503 27,5256 63.4 I.208 I3I4
1400 2.643 2.546 34,556 R7.,57I 59.7 I1.269 I4I6
1600 2,527 2.423 34,586 27,605 56.7 1,327 1517
1600 2.488 2.376 34.6I8 27.635 H54.4 1,383 1619
1800 2.537 2.408 34,697 27.696 50,3 I.488 1842
2000 2.493 2.346 34,747 27,741 47.2 1.585 Q2025
2200 2.447 2.283 B4.777 27.770 45,5 I.678 2229
2400 2.273 2,093 34,786 27,793 43.5 I1.767 2433
2600 2.097 I1.802 54,783 27.805 42,3 1I1.853 2637
2000 I.003 I.692 B34.773 27.8I4 4.2 1.936 <64l
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TABLE 1: AJAX EXPEDITION, RV "KNORR", STATION 66, 17 JANUARY 1984 (cont'd)

2(m) T(C) 8(Cc) S o § D p(dbar)

2800 I1.903 1I.692 34,773 27.814 4I.2 1.936 2841
3000 I.?775 1I.547 34,772 27.824 40,2 2,018 3045
3200 I.558 1I.3I5 34,758 27.829 38.7 <2.096 3249
3400 I.434 I.I74 34.750 27.833 38,1 2.I73 3454

3600 1.256 0,979 B34.736 27.834 36.9 2.248 3659
3800 I.I34 0.839 34,732 27.84I 35.9 2.32I 3864
4000 I.02I 0,708 34,722 27.84I 35,2 2,392 4069
4200 0,993 0.659 34.724 27.845 34.9 2.462 4275
4400 0,938 0,582 34.715 27.843 35.0 2.532 4480
4600 0,888 0O,5II 34.705 27.839 35,2 2.602 4866
4704 0.880 0.49I 34,703 27.83Y 35.3 2.639 4793
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COMPUTATION OF VERTICAL STABILITY
AJAX EXPEDITiON, RV "KNORR', STATION 66

Explanations to Table 2

The vertical distribution of stability is calculated by two methodss

by Hesselberg and Sverdrup's formula
8. _ 10% 4r 4 . 108
10°% = 107+ . 10 \_(d'r/dz) -Df 1010 (as/dz)
(columns 5 - 22 of the Table) and through potential density 99 , tabulated
in AJAX Expedition Station Data, i.e. by formula
10%; - 10° (I/S) )(dP /dz)
(column 23 of the Table).

Column I -~ Depth, meters

N

- Temperature, %

3 - Salinity (practical salini%y units)

4 -~ Density anomaly

5 ~ Temperature gradient, 104( dT/dz )

$ - Adiabatic temperature gradient, IO4 n STO ? at atmosphe-
ric pressure

7 - Temperature-pressure oorreotion, 104 br’l‘p

8 ~ Salinity-pressure correction, 10° Ar's

9 .~ Adiabatic temperature gradient, 10° r'ST y in situ
(the sum of values in 6, 7 and 8)

I0 - The difforence, I0% € aT/74d2) - r]

JI .~ Coefficient of thermal expansion, IO4oL5.‘.°, at
atmosphoric pressure

12 -~ Temperature-pressure correction, IO4 Ad Tp

I3 - Salinity-pressure correction, 10? Ao( Sp

14 - Coeffioiont of thermal expansion, 10% ot 3

(the sum of values in II, I2 and I3)

Tempoerature stability (values in IO multiplied by

values in I4)

16 -~ Salinity gradient, 10 ( as/de )

17 - Coeffioient of saline ocontraction, 104(&8'1‘0 , at atmo-
opherio pressuro

I8 .~ Salinity-pressure oorreotion, 104 AB Sp

i
p’—-

15

19 ~ Temporature~pression correotion, IO Aﬂl‘p

20 - Goeffioient of maline contraotion, I0% f} sTp ¢ 40 situ
(the sum of values in I7, I8 and 19)

21 ~ Salinity atability (values in I6 multiplied by values
in 20)
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Compu*ation of vertical stability (cont'd)

Column 22 - Total stability (the sum in I5 andé 2I) by
lesselberg 'and Sverdrupt's formula

23 -~ Stability calculated as the relative gradient of
potential density

NOTZ: The comnutations are based on the 7©05-£0.



TABLE 2:

COMPUTATION OF VERTICAL STABILITY

- AJAX ZXPEDITION, RV "KNORR", STATION §6

22

I 2 3 4 5 6 78 9 1I0 I I2 13 4 IS 16 I? I8 I9 20 2I . 23
0 9.67 34.I44 26.340 19 7177 0.000 I.II -II -I.6I8 -0.00I O -1.6I9 I8 -I.0 7.6I4 0.000 0 7.614 -8 I0 10
10 9.66 34.I43 26.340 o 1770.0001I.II -I -I.6I8 -0.003 O -I.62I 2 0 7.614-0.00I 0 7.613 0 2 O
20 9.66 34.I483 26.340 5 717170,000I.II -I -I.6I8-0.005 O -I.623 2 I1.07.614-0.002 0 7.612 8 I0  1I9
30 9.66 34.144 26.341 5 177 0.0C O I.IT -I7I -I.608 -0.007 O -1.6I5 276  10.0 7.6I6 -0.003 O  7.6I3 76 352  35I
40 9.49 34.IM4 26.3% _r19 1.09 0.0I 0 I.I0 -I4L -I.592 -0.008 O -I.600 226  I9.0 7.6I8 -0.004 O  7.614 145 371 ' 370
S0 9.35 34.I7 26.414 440 1.050.0I 0I.06 441 -I.530 -0.0II O -I.54I 680  47.2 7.632 -0.006 O  7.626 360 I040 1032
75 8.25 34.25I 26.679 0.96 0.0 0 0.97 345 -I.428 -0.0I7 O -1.445 499 6.0 7.652 -0.009 O  7.643 46 545 ' 538

100 7.39 34.306 26.8I8 155 (.93 0.0I 0 0.94 -IS? -I.362 -0.024 O -1.386 218 -I9.2 7.665 -0.0II O  7.654 -I47 71 66

IS 7.00 34.258 26.84 75 .91 0.02 0 0.93 -77 -I.329 -0.028 O -1.357 104 2.0 7.673 0.0I4 0  7.659 IS5 II9 I2I

IS0 6.81 34.263 26.864 .15 (0,90 0.02 0 0.92 +II -I.32I 0.033 O -1.354 -IS I4.8 7.675 -0.0I6 O  7.659 II3 98 ° 93

I75 6.84 34.300 26.889 _40 (.90 0.03 0 0.93 4T -I.3I8 -0.039 O -1.357 56 18.8 7.575 -0.0I9 0  7.656 I43 I99 ' 203

200 6.74 34.347 26.340 g3 0.880.03 0 0.9 -89 -I.30I -0.045 O -1.346 120 2.4 7.679 -0.02I 0  7.658 -I8 102 97

225 6.52 34.341 26.965 _169 .86 0.03 0 0.89 -I6I -I.266 -0.05I 0O -I.3I7 212 -I3.2 7.687 -0.024 O  7.663 -IOI III 97

250 6.I2 34.308 26.930 _ro4 0,83 0.04 0 0.87 -I45 -I.224 -0.056 O -1.280 186  -7.2 7.696 -0.027 0  7.669 -55 I3I  I25

275 5.76 34.290 27.2I g5 0,80 0.04 0 6.84 -97 -I.ISI -C.061 O -I1.252 I2I  -3.6 7.703 -0.030 0  7.673 28 93 &

300 5.52 34.281 27.044 748 .78 0.05 0 0.83 -I4S9 -I.I34 -0.07T O -1.205 I80 -I2.4 7.7I5 -0.034 0  7.68I -95 8 74

350 4.78 34.2I9 27.081 o3 .72 0.06 0 0.78 -79 -I.066 -0.085 -0.00I -I.IS2 OI  -3.4 7.729 -0.040 0  7.689 -26 65 58
400 4.37 34.202 27.II3 gy .69 0.07 0 0.76 -SI -I.023 -0.I00 -0.00I -I.I24 57  -I.4 7.738 -0.046 0  7.692 =II 46 43
450 4.I2 34.I85 27.I8 3, 0,680.0800.76 -35 -I.004 -0.II4 -0.00I -I.II9 39 O 7.743-0.05I O  7.6%2 - 0 39 33
S00 3.95 34.I35 27.ISI _46 065 0.08 0 0.74 47 -0.979 -0.I28 -0.00I -I.I08 52 0.6 7.748 -0.056 O  7.62° 5 57  SI
550 3.72 34.I98 27.I77 35 .64 0.09 00.73 -3T -0.958 -0.I39 -0.00I -I.098 34 0.6 7.753 -0.062 0  7.69I 5 39 35
600 3.57 34.20I 27.I34 35 o g2 0.II 0 0.73 -37 -0.927 -0.I59 -0.00I -I.087 40  I.87.760 -0.07I O  7.689 "I4 54 48
700 3.21 34.219 27.283 o3 060 0.I2 0 0.72 24 -0.893 -0.I83 -0.00I -I.077 26 -3.I7.766 -0.083 O  7.685 24 50 45
800 2.98 34.250 27.288 _p; (.58 0.I4 0 0.72 -I5 -0.872 -0.207 -0.00I -0.080 I6 3.7 7.773 -0.095 O  7.678 . 28 44  4I
900 2.84 34.287 27.330 ¢ .58 0.16 0 0.74 -I0 -0.859 -0.232 -0.00I -I.092 II 5.3 7.776 -0.I07 O  7.669 4I 52  5I

1000 2.75 34.340 27.381 5 0,570.1800.75 -8 -0.850 -0.256 -0.00I -I.I0? 9 5.9 7.778 -0.II8 0  7.660 45 54 . 52

L0 2.68 34.399 27.434 5, 0.560.19 00.75 -3 -0.846 -0.280 -0.00I -I.I27 3  5.47.779 0128 0  7.65I 4I 4 45

1200 2.66 34.453 27.47° .1 .56 0.2I'0 0.77 O -0.847 -0.305 -0.00I -I.IS3 O  5.07.778 -0.I38 O  7.640 .38 38 38

1300 2.67 34.508 27.5I18 3 0§.570.2200.79 -4 -0.848-0.330 -0.00I -I.I? 5 5.37.778-0.I49 0  7.629 40 45 45

1400 2.64 34.556 27.562 _17 (.56 0.24 0 0.80 -I2 -0.84I -0.354 -0.00I -I.I% I?  3.07.781 -0.160 O  7.62I 23 40 33

IS00 2.53 34.586 27.5% 4 .56 0.250 0.8 -5 -0.832 -0.379 -0.00I -I.2I2 6.0 3.2 7.783 -0.I7T 0  7.6I2 24.4 30.4 . 29

1600 2.49 34.6I8 27.625 5 50.560.280 0.84 +I.7 -0.833 -0.416 -0.00I -I.25I -2.I 4.0 7.782 -0.I87 O  7.595 30.4 28.3 30

1800 2.54 34.697 27.685 5 5 (.56 0.31 0 0.87 -3.4 -0.835 -0.455 -0.00I -I.29I 4.4 2.57.783 -0.209 0 7.5 1I8.923.3 22

2000 2.49 34.747 27.729 3 00.56 0.34 0 0.90 -2.9 -0.832 -0.503 -0.00I -I.336 3.9 1I.57.784-0.28 0  7.553 - II.3 I5.2 1I4

2200 2.45 34.777 27.756 _g9 0 0.550.38 0 0.93 -9.9 -0.8I6 -0.556 -0.00I -I.373 I3.6 0.4 7.786-0.253 0  7.533 3.0 I6.6 II

2400 2.27 34.786 27.779 85053 0.41 0 0.94 9.4 -0.798 -0.6I2 -0.00I -I.4II I3.3 0.2 7.791 -0.275 0  7.5I6° -I.5 .7.9° 5.8

2500 2.I0 34.783 27.790 _109.0 0.52 0.44 0 0.96 -II.0 -0.774 —0.665 -0.00I -I.440 IS.8 0.5 7.796 -0.296 © 7.500 3.8 I2.0 4.4

—cg_



TABLE 2: COMPTTATION OF VERTICAL STABILITY - AJAX EXPEDITION, RV “KNORR", STATION 66 (Cont'd)

I 2 3 4 S 6 7 89 10 I I2 13 4 15 I I7 I8 I9 20 20 2 23
2800 1.90 34.773 27.798 _g 0 0.50 0.47 0 0.97 -7.0 -0.753 —0.715 -0-00I -I.469 10.3 -0.0 7.800 -0.3I18 0  7.482 -0.4 9.9 4.9
3000 I.78 34.772 27.807 _17.0 0.45 0.SI 0 100 ~I2.0 -0.732 —0.763 —0-00I -1.49% I8.0 -0.7 7.805-0.340 O  7.465 -5.2 I2.8 2.4
3200 1.56 34.758 27.812 55048 0.54 0 102 7.5 -O.7I1 —0.814 -0-002 -I.527 II.5 -0.4 7.810 -0.363 0  7.447 3.0 8.5 L9
3400 I1.43 34.750 27.818 g s 0.45 0.58 0 1.0 9.5 -0.692 —0.854 -0-002 -I.558 I4.8 -0.7 7.814 -0.386 0  7.428-5.2 9.6 0.5
3600 I1.26 34.736 27.816 ¢ s 0.45 0.61 0 106 7.6 -0.672 0.0z 0-002 -I.585 I2.I -0.2 7.8I9 -0.408 0  7.4II -I.5 10.6 3.4
3800 I.I3 34.72 27.8L 5044 0.64 0 1.08 -6.6 -0.656 —0.958 —0-002 -I.6I6 I0.7 -0.5 7.823 -0.425 0  7.395 3.7 7.0 0.0
4000 1.02 34.72 27.21 _1.50.43 0.67 0 L.I0 2.6 —0.646 -I.004 —0-002 -I.652 4.3 O.I 7.825-0.449 -0.00I 7.37540.7 5.0 I.9
4200 0.9 34.724 27.825 55 0.430.70 0 I.I3 -3.6 -0.64f I.050 —0-002 -I.633 6.I -D.4 7.826 -0.469 -0.00I 7.3%6 -2.9 3.2 -1.0
400 0.94 34.7I5 27.82T 55 0.42 0.73 0 I.IS -3.6 —C.635 -I.096 —0-003 -I.734 5.2 -0.5 7.827 -0.489 -0.00I 7.337 3.7 2.5 -I.9
4500 0.89 34.705 27.816 1.0 0420750 I.I7 2.2 -0.63I -L.Ir7 <-0-003 -i.75I 3.9 -0.2 7.828 -0.500 -0.00I 7.327 -I.5 2.4 0.0
4704 0.88 34.703 27.8I5

...g(_;..
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Fig. 3: Temperature at 50m depth (solid line) and dynamic height, 2000 - 0 decibars (dashed line) along the
AJAX Expedition section in the South Atlantic Ocean. The selected processing stations, Nos. 66 and 67,
are situated in the area of strong horizontal gradicents of the above values.
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ANNEX VII
PROPOSED TABLE OF CONTENTS OF THE
MANUAL ON PROCESSING OF OCEANOGRAPHIC STATION DATA
PART I. Scientific Background
1. Introduction
2, Background and basis of computation of properties from

vertical profiles of temperature-ccnductivity-pressure

3. Practical Salinity Scale, 1978 and the International
Equation of State of Seawater, 1980

q, Conversion of existing data into PSS-78, E0S-80 -
dependent data

5. Thermometry
6. Standard seawater

PART II, Processing Procedures (with worked examples)

1. Selected oceanographic stations

2, Smoothing and interpolation of standard to non-standard
pressures

3. Pressure to depth and depth to pressure conversion

49, Computation of adiabatic lapse rate and potential
temperatures

5. Computation of density (anomaly of density), potential
density and specific volume (specific volume anomaly)
at atmospheric and elevated pressures

6. Devivatives of density -~ Thermal expansion, saline
contraction, isopycnal derivatives, etc., versus pressure

7. Vertical stability calculated by different methods
8. Speed of sound in seawaler

9, Computation of dynamic depths (heights)

10. Relative geostrophic currents - Dynamical topography

11, Available potential energy and volume transport
calculations

12, Other (Potential vorticity)

PART I1I. Oceanographic Tables and Graphs
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