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INTRODUCTION

The Proceedings of the 3rd CSK Symposium is the result of the close
scientific study which has been carried out cooperatively by marine scientists from
various countries around the Pacific. This is the third of its kind of the efforts to

reveal the mysteries of the counter part current of the well known Guif Stream of

the Atlantic.

Thailand was chosen as a venue for the Ninth Session of the International
Co-—ordinate Group for the Co—operative Study of Kuroshio and Adjacent Regions on
May 30-June 1, 1973. The Session was held at the UNESCO Regional Office for
Education in Asia, Darakarn Building, Bangkok. Prior to this meeting the Third CSK
Symposium was held on May 26-29, 1973 at ther same place.

The Symposium was divided into thiee Sessions which deal with the

following subjects ;

Session 1 : Physics, Chemistry and Geology
Session 2 : Biology and Biochemistry

Session 3 : Fisheries

Ten papers were presented in Session 1, seven papers in Session 2 and

five papers in Session 3, making a total of 22 papers.

In the publication of this Proceedings the National Research Council of
Thailand accepted the responsibility of setting up an editerial board. It is very much

appreciated that the UNESCC has made the publication possible by contributing to

its cost.

Special gratitude goes to Dr. O. Mamayev, Assistant Secretary of IOC and
Dr. I.A. Rongquillo for their helpful assistance; to Dr. Ken Sugawara for his valuable
advice ; and to Mrs. Sakuntala Bhodhiprasart for her invaluable and devote service in

organizing and handling the work of the secretariat.
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THE OPENING CEREMONY
of
The 9th Session of 'the International Co—-ordination Group
for the Co-operative Study of the Kuroshio and Adjacent

Region (CSK) and the 3rd CSK Sy mposium

Saturday 26 May 1973

at
Darakarn Building (UNESCO's Office)

Sukumvit Road

Bangkok
Schedule
8.30 am. - Registration
9.00 a.m. - Participants and honorable Guests

assemble in the Conference Room
9.25 am. - H.E. The Prime Minister, Chairman
arrives at the Darakarn Building
- Dr. Pradisth Cheosakul, Secretary—General of the National
Research Council escorts the Chairman to the Conference Room
9.?;0 am. - Report by Dr. Pradisth Cheosakul
9.35 aam. - Address by Dr. J.M. Harrison,
Assistant Director General for Science of UNESCO
9.40 a.m. - Keynote Address by H.E. the Prime Minister,

Chairman of the Ceremony
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M.C. - - Mrs. Sakuntala Bhodhiprasart

Deputy Secretary—General for Natural Science of the National

Research Council

Item 1. Opening Ceremony

The Session was opened by Dr. Pradisth Cheosakul, Secretary—General of

the National Research Council and Chairman of the National Marine Science Committee.
After a short welcoming address, Dr. Cheosakul invited Dr. Kiyoo Wadati, Interna--

tional Co—ordinator for CSK, to take the Chair.

Dr. Mamayev (UNESCO/IOC) highlighted the most important matters tﬂat'i’ ,' 5 i

have occured in the life of the CSK and stressed the necessity for “consideration by
the Session of future CSK activities. He also stated that another recent -problem 1% "
that of marine pollution and this too must be studied closely to see what action could

be taken in this problem area.

The Chairman proposed that Mr. Chilvers (U.K.) and Capt. Tavorn Pong-v"' |
sapipatt (Thailand) act as Rapporteur and Vice—rapporteur respectively. This

proposal was seconded by Dr. Loi (Vietnam) and carried unanimously.

In view of the change in representation at the Session compared with the
preceding Symposium, new delegates were requested to registered their attendance

and a complete list of participants is attached to this Summary Report.

Item 2. Adoption of the Agenda

Following lengthy discussion and suggestion from the floor, the provisional -

agenda, with the inclusion of a new item 4 and consequent re-numbering, was adopted: -
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Item 3. Progress Report of CSK Activities since the Eighth Session.

(a) Reports of ICG/CSK Officers.

The following report, were delivered to the Session. It should be noted

that there is no report from the Co—ordinator of the South China Sea Survey.

1. Report of the International Co—ordinator

2. Report of the Assistant International Co—ordinator.

3. Report of the Director of the Kuroshio Data Centre.

In the absence of the Director, the report was delivered by Dr. Ken
Sugawara.

Following the report, Dr. Sugawara (Japan) distributed a summary of the

replies to the questionnaire on marine pollution in member countries received to date

for consideration under Agenda Item 6. There were complaints that the questionnaire
had either not been received at all or received only indirectly. Dr. Sugawara apologised

on behalf of UNESCO for this unfortunate event.

4. Report of the Director of the Regional Marine Biological Centre.

In the absence of the Director, this report was delivered by Dr. Stayaert
(UNESCO) who had brought copies of the report from Singapore.

These reports were accepted without demur by the Session but later,
considerable discussion arose concerning ‘the Regional Marine Biological Centre (RMBC)‘
and the examination of the sorted samples by specialists and Junior planktologists. In
the absence of the RMBC Director, Dr. Vagn Hansen, Secretary for the Advisory
Panel for Marine Biological Centres sponsored by UNESCO, clarified the situation by

pointing out that processed, and at a later stage, the identified samples are kept as a

16




permanent reference collection at the RMBC now housed at. the University of Singapore,

to which the collection from the previous National Museum of Singapore has beep

transferred. The planktoﬁ samples will be kept as a regional reference collection

under the responsibility of the Government of Singapore.

¥

Selection of taxonomists: A list of senior taxonomists from the CSK

member states will be drawn up by a panel organised by the ICG and forwarded through

the RMBC director to the UNESCO Advisory Panel for final selection. Priority will

be given to taxonomists from the region but in cases of conflict involving the

preparation of international monographs priority will be given to the latter taxonomists
irrespective of nationality, Senior taxonomists should be encouraged to study material

with a team of Junior taxonomists (at postgraduate or doctorate level) as part of a
training programme, either in their own Countries or in Singapore. Funds will be

made available for the latter purpose.

(b) Reports of National Co—ordinators.

In view of the length of some of the orally delivered reports, only sum-

maries, where applicable, are presented as follows :
1. JAPAN

2. KOREA

3. PHILIPPINES

4. THAILAND

5. UNITED KINGDOM (HONG KONG)

6. UNION OF SOVIET SOCIALIST REPUBLIC

7. VIETNAM




Following the presentation of the National Co-—ordinators report the
Chairman invited country observers and the representatives of the regional and
international organizations to make their reports. A written report from ORSTOM

(France) was shown.

Dr. Sahrhage (FAQ) made a brief statement to the effect that is seemed
to be preferable to report on specific aspects of collaboration between CSK and
'FAO/IPFC programmes under the appropriate agenda items. He then described the
FAO/ UNDP South China Sea Fisheries Development and Co—ordinating Programme,
which is presently in Phase 1, the planning stage of one year duration. The Programme
is concerned with fisheries development, acquiring a better knowledge of the resources
by survey and evaluation of the stocks and their .potential; and technical matters e.g.
harbour development, vessel and improvement gear fish processing. From the results
of Phase I, an action plan will be developed for Phase II which is expected to be
implemented in early 1974 and may be of 4-5 years duration. Marine pollution

studies may also form part of the Programme.

Dr. Arporné Sribibadh (SEAFDEC) commented verbally on the work
undertaken by his organisation which is an implementing body operating research on
fisheries and oceanography from Singapore in the South China Sea and conducting
fisheries training in Thailand. It is intended to expand the geographical area of
operations and to utilise more types of gear SEAFDEC has every intention of con-

tinuing to co—operate with IPFC and CSK since many of its members are also

members of these other bodies.
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REPORT

by

Dr. Pradisth Cheosakul

Secretary —General, National Research Council

in

the opening ceremony of

the 9th Session of the International Co—ordination Group for
the Co—operative Study of the Kuroshio and Adjacent Region (CSK) and

the 3rd CSK Symposium

Your Excellency, the Prime Minister :

It is a great honour to and display of great trust in Thailand that the
Intergovernmental Oceanographic Coxﬁmission (IOC) of the United Nations Educational,
Scientific and Cultural Organization has requested Thailand to host the CSK Symposium
again. As the Secretary—General of the National Research Council and the Chairman
of the National Marine Science Committee which is directly involved in this matter, I
would like to report to you the background of the International Co—ordination Group

for the Co—operative Study of the Kuroshio and Adjacent Region (CSK) and Thailand's

role in it.

The Regional Meeting of the experts in Marine Science of Asia and
Southeast Asia held by UNESCO in Manila on March 5-8, 1962 proposed that the

CSK project be carried out cooperatively under the sponsorship of the Intergovernmental
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Oceanographic Commission established by UNESCO in Paris. Later on the 2nd
Intergovernmental Oceanographic Commission Meeting held in Paris on Septembef
20-28, 1962 supported this proposal. Finally the 3rd Intergovernmental Oceanographic
Committee held in Paris on June 10-19, 1964 adopted a resolution to sponsor the CSK
project and set up an International Co-ordination Group composed of National Co-
ordinators and Assistant National Coordinators from eleven member countries, namely,
Republic of China, Indonesia, Japan, Korea, the Philippines, Singapore, Thailand, the

United Kingdom (Hong Kong), the United States, the USSR and Republic of Vietnam.

Since its inception the CSK project has brought for the numerous achieve-
ments, e.g., oceanographic research conducted simultaneously at various fixed points
in the sea, whereas in fisheries studies were made on some species of marine animals
selected on the basis of their relative importance for fisheries in general and the

degree of abundance in which they were caught in at least two countries.

In the original stage the CSK project concentrated its attention on the
Kuroshio region. Later it was considered that the adjacent region of the Kuroshio
especially the South China Sea including the Gulf of Thailand and the Sunda Continental
Shelf which are important areas for oceanographic and fisheries research, is of signi-
ficant relevance to the project. Since a study of these areas will not yield comprehensive
results if it is not carried out jointly, Thailand has decided to join the CSK project
for the Survey of the South China and received much benefits from it. Countries
participating in the South China Sea study cooperate with one another in exchanging
data, training personnel, and classifying planktons through the support of the Biological
Centre for Classifying Plankton in Singapore and the Kuroshio Data Centre in Japan.

Scientists of member countries are, therefore, provided with facilities for the survey
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of various areas in the South China Sea and at the same time receive data from the
surveys of other countries for the use of their study and research, thus increasing

the store of knowledge in oceanography and fisheries which is of future economic

value.

Thailand was the venue for the 4th CSK symposium in 1967 which turned
out to be a tremendous success. The Intergovernmental Oceanogra;;hic Commission
again requested Thailand to host the 9th Session of the International Co—ordination
Group for the Co-operative Study of the Kuroshio aﬁd Adjacent Region and the 3rd
CSK Symposium. Today a number of honoured representatives and distinguished
marine scientists from- this region and related agencies are present to discuss the
administration of this project in the Session of International Co-ordination Group.
They will discuss their problems and findings regarding the research on the Kuroshio

and Adjacent Region in this Symposium as well.




KEYNOTE ADDRESS

of
H.E. Field Marshal Thanom Kittikachorn, the Prime Minister
in
the opening ceremony of
the 9£h Session of the International Co-ordination Group for ‘ . ‘
the Co-operative Study of the Kuroshio and Adjacent Region (CSK) and

the 3rd CSK Symposium

Honoured Guests :

In the name of the Thai government, I feel very honoured and delighted

that Thailand has been requested to host the 9th Session of the International Co—
ordination Group for the Co-operative Study of the Kuroshio and Adjacent Region,

and the 3rd Symposium on the study and research under the Kuroshio project, in

which delegates of over 11 countries are participating.

According to the report of the Chairman of the National Marine Committee
on the background of CSK and the statement of the Assistant Director—General for

Science of UNESCO, it is evident that the CSK project results from strong efforts of

scientists in various fields of marine science to solve various problems cooperatively in

order to reveal the mysteries of the Pacific currents which equal in importance to the

Gulf Stream in the Atlantic. The information received from the research work of
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these scientists will give much benefits not only to scientific community but also to

the economies of various countries in this region.

Activities in marine science need knowledge and competence in many fields
of science such as physics, biology, chemistry, meteorology, etc. There are many
deficiencies in these fields, especially the lack of data, which require the use of
expensive ships as well as equipments and which prevents simultaneous surveys at
various points. However, in spite of all these difficulties, you are able to make good

progress in your work.

In the midst of the present world crises, one thing that avoids political
fights and conflicts is perhaps the close and peaceful co—operation among scientists

such as yourselves who sacrifice their time and effort to study nature by co—operative

projects and exchange of data.

I am confident that the support of the Parent organizations, i.e., the
Intergovernmental Oceanographic Commission and the UNESCO, as well as the capable
management of the related personnel especially Dr. Kiyoo Wadati, the International
Co-ordinator and Dr. Pradisth Cheosakul, the Chairman of the National Marine
Science Committee of Thailand, will certainly guide the 9th Session of the International
Co-ordination Group for the Co—operative Study of the Kuroshio and Adjacent Region
to its objectives. I also hope that the jointly held 3rd CSK Symposium will bring to

light many significant research findings.

On behalf of the Thai Government I express our sincere wish that your
meetings are fruitful. I also would like to welcome all of you in your visit to Thailand

and hope that you enjoy your stay. At this auspicious moment, I declare the meetings

open.
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1.2

13
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1.5

The Third CSK Symposium was held at the UNESCO Regional Office for
Education in Asia, Bangkok, Thailand from 26-29 May, 1973, under the -
sponsbrship of the National Marine Science Committee of the National

Research Council of Thailand.

Dr. Pradisth Cheosakul, Secretary—General of the National Research Council
of Thailandand Chief of Thai delegation, gave a report on the background of

the International Coordination Group for the CSK.

Dr. J.M. Harrison, Assistant Director General for Science of UNESCO and
Prof. Kiyoo Wadati, International Coordinator of CSK addressed the assembly,

stressing on the importance of oceanography.

The participants were welcomed in a keynote address by His Excellency,

Field Marshal Thanom Kittikachorn, the Prime Minister of Thailand.

Dr. LA. Ronquillo (Philippines) was Convenor for the Symposium. Dr.
Pradisth Cheosakul (Thailand) was elected Chairman and Dr. CK.C. Lee
(UK. - Hong Kong) was elected Rapporteur.




1.6

Discussion leaders and rapporteurs were appointed for the three Sessions of

the Symposium :

Session I Dr. A. Rogotsky (U.S.S.R.) Discussion leader
Dr. Manuwadi Hungspreuge (Thailand) Rapporteur

Session I Dr. Twesukdi Piyakarnchana (Thailand) Discussion leader
Dr. Tran-Ngoc—Loi (Vietnam) Rapporteur

Session III Dr. R.M. Chilvers (UK. - Hong Kong) Discussion leader
Dr. Surapol Sudara (Thailand) Rapporteur

Special lecture on Scientitic Approach to Marine Pollution by Prof. K. Sugawara

(Japan).

2.1

2.2

Prof. Sugawara (Japan) discussed on the various scientific approaches which
should be considered in studying the problems of marine pollution. He also
pointed out the need to standardise existing techniques and develop new
methods for determining pollutants, and the cooperation of regional experts
on the national level is required, as stated in the Report of the First Session
of the International Coordination Group for GIPME (Global Investigation of
Pollution in Marine Environment) April 2-6, 1973. On a giobal scale, IGOSS
(Integrated Global Ocean Station System) has a marine pollution monitoring
program, and IOC/GIPME has a program to clarify the sources and
rates of input of pollutants into the sea. Prof. Sugawara finally pointed out
that the CSK policy towards the subject of marine pollution should be

considered in the light of the above factors.

Dr. Pradisth Cheosakul (Thailand) expressed his concern over the relatively
large number of methods which are being used for the analysis of metals in
fish. Dr. Sugawara (Japan) explained that efficient and standardised methods

are yet to be found.
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2.3 Dr. D. Sahrhage (FAO) drew attention to the FAO Technical Conference
on Marine Pollution and its Effects on Living Resources and Fishing held in
Rome, December, 1970 the results of which are available in book form. He
also pointed out that various international agencies have Working Parties on
marine pollution, and that of regional interest is the IPFC Working Party on -’l‘:

Aquaculture and Environment.

3. The three Sessions of the Symposium deal with the following subjects :

Session 1 : Physics, Chemistry and Geology
Session II . Biology and Biochemistry
Session III : Fisheries.

4. SESSION 1.

4.1 Ten papers were presented in the fields of Physics, Chemistry and Geology.
The geographical érea covered in these papers ranges from the Gulf of
Thailand to the Japan Sea, Western Pacific, and waters north of New Guinea.
Of particular interest are Paper Numbers 105, 106 and 107 which reveal the
very comblex oceanographic situation in the Western Pacific. As research

vessels of many nationalities visit this region, the desirability of carrying out

experiments on the inter—calibration of instruments and methods of measure-
ment among vessels working in the same or adjacent waters becomes evident,
so that scientists in one area may use the results of those from another area

with more confidence.

4.2 A comparison of the results of Paper Numbers 108 and 111 seems to show

that they are contradictory. It was however pointed out that the discrepancy

in the direction of flow of currents in and out of the Japan Sea may be due
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4.3

to the fact that the time at which measurements were made are differént in

the two Papers.

Paper Number 102 on marine sediments was interesting in that coral banks
contribute to the calcareous components of the sediments. The successful
use of Shannon’s index in temperature-salinity analysis as presented in Paper
Number 109 also provides an additional quantitative parameter which may

be used in the analysis of ocean water masses.

5. SESSION II

5.1

5.2

5.3

54

Seven papers were presented in this Session, of which five are on phytoplank-

tons and two are on zooplanktons.

The complexity of tropical phytoplankton communities and the difficulties
encountered by investigators are emphasized in Paper Number 201. In the
Indo—Pacific ’region, chlorophyll content was found to be greatest {n the Sulu
and Celebes Seas. The importance of Trichodesmium sp. in the tropical
ecosystem lies not only in its abundance but also in its possible effects on
the exchange of gases between the atmosphere and the water through its

ability to fix nitrogen.

The diversity of phytoplankton species is demonstrated in the large number
of species of Cocolithophorids reported in Paper Number 206 for water north

of New Guinea.

The efficiency of the sampling gear is an important consideration in the study
of the distribution of plankton. This point was raised during discussions on

the results of Paper Number 202 & 203.
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2.6

5.7

In the results of Paper Number 204, certain amphipods species have a compa-
ratively wide distribution, and Dr. Ronquillo (Philippines) suggested that

these species may be used as indicators for water masses.

Paper Number 207 presented interesting results on the primary productivity
of waters of the Gulf of Thailand. The complexity of the environment,
however, indicates that in the future more advanced techniques are required
(e.g. use of Carbon—14) so that the quality of the results is comparable to

that obtained in other parts of the Pacific.

In conclusion, it was felt that the relatively small number of papers on
zooplanktons may be due to the fact that the specimens from the Singapore
Sorting Centre have not been distributed to experts and local marine

biologists for further investigations.

6. SESSION III
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6.1

Five papers were presented on the subject of fisheries. The main point
that emerges from a consideration of the subject matter of the limited number
of papers delivered under this heading is their variety. All papers, however,
are interlocked. Paper number 305 on the identification of Nemipterus is an
excellent example of the prime problem facing workers in any fisheries field,
namely, that bf identifying in the first instance, the particular speciés in
which he may be interested. Without such studies, workers in other fields
would be severely handicapped. This problem has long been recognised and
received recent action in the form of the FAO-DANIDA Workshop on Fish
Taxonomy held in Phuket, Thailand from 6 November — 8 December 1972
which prompted the present work. The report from the Workshop has

already been published. It is suggested that the Symposium should recommend




6.2

6.3

6.4

that the ICG congratulate FAO and DANIDA on the success of the Workshop

and that FAO be asked to expedite the publication of the 280 species

" identification sheets.

Miss Sunee Suvapepun’s work (Paper Number 304) on the food of the larval
stages of Rastrelliger neglectus has great practical applications and although
the presence of an item in the gut does not necessarily mean that it will
undergo digestion to serve as a source of food, the finding that the larvae
undergo a change in diet from zoo—to phytoplankton should greatly assist
future culture work conducted in Thailand or elsewhere. It could well be
that a similar feeding pattern exists for closely related groups and studies of

this nature should be encouraged.

The paper by Dr. Lee (Paper number 303) and Mr. Chung (Paper Number
302) on various aspects of the biology of individual fish species also have
practical applications as they greatly assist in the understanding of the factors
controlling the distribution, abundance and rate of exploitation which individual
species from tropical or subtropical areas might be expected to support. Both
papers stress the importance of the collection of commercial catch and effort
statistics and. it is suggested that the symposium should recommend to ICG
that this matter should receive the priority attention of the governments of

the different countries participating in the CSK programime.

Paper Number 301 presented only the preliminary results of a different
approach from studies on individual species and adopts a gross biomass
approach to fish abundance. It is suggested that this type of investigation
gives a better understanding of the states of exploited or unexploited stocks.

Certain anomalies with respect to the depth distributions reported were pointed
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out, but the generalisation made was intended to apply only to the north
shelf of the South China Sea and supported Shindoyé contention that this area
is in danger of overexploitation. It is suggested that this paper should be
studied in relation to those presented at the SEAFDEC Seminar which

preceeded the Third CSK Symposium.

7. FINAL DISCUSSIONS

30

7.1

7.2

7.3

After some discussions, Dr. Arporna (SEAFDEC) drew attention to the fact
that the Summary Report of the SEAFDEC Seminar (May 21-25, 1973,
Bangkok) contains 8 recommendations of which 3 are related to the 4 points
raised by Mr. Chilvers (UK. — Hong Kong) in his report of Session III. Dr.
Arporna pointed out that this is a good opportunity for SEAFDEC to be
considered in ICG discussions so as to enable the efficient coordination of

research effort.

Dr. Pradisth agreed that since similar recommendations came up
independently from CSK and SEAFDEC, these recommendations will be in a

position to reinforce one another.

Dr. Rual (France—NeW Caledonia) pointed out the desirability of holding joint
Symposia When two organisations, such as CSK and SEAFDEC, are dealing
with similar subjects. Dr. Pradisth (Thailand), while agreeing with the view
of Dr. Rual, pointed out the difficulties exemplified by his past experiences.
Prof. Sugawara (Japan) stressed that different organisations are established
on different traditions and methods of functioning, and this in turn leads to

different approaches in the advancement of oceanography.

Dr. Mamayev (I0C) pointed out the need to decide if the Symposium papers

are to be published. After some discussions on the publication of the papers




presented at the 2nd CSK Symposium, he informed Dr. Pradisth that UNESCO
has a provision budgetted at about US $ 4000 for the said purpose. Dr.
Mamayev also suggested that a recommendation be made to the IOC to

contribute to the publication costs.
8. RECOMMENDATIONS

After some further discussion, the Symposium made the following

recommendations for consideration at the 9th ICG/CSK Session.

Recommendation 1 : Improvement of observations to study the Kuroshio inter-annual

variability

Since one of the main problems of international study of the Kuroshio is the
investigation of inter-annual variability, it is clear that the period of observations of
nine years, starting from 1965, is not sufficient for the purpose of drawing quantitative
conclusions. The Symposium recommends the continuation of standard observations
and direct current measurements, the frequency of which should not be less than twice
a year (once during each main reason of the year). It is also highly desirable to

achieve complete synchronization of the surveys.
Recommendation 2: Current measurements in the South China Sea

Due to the general lack of direct current measurements in the South China

Sea, the Symposium recommends that all efforts be made to obtain them.

Recommendation 3: The Analysis of bottom sediments and the study of bottom

topography

Noting that there were but a few works on the analysis of bottom sediments
and the study of bottom topography in the CSK area, the Symposium recommends
that survey ships should include the programs of collection of bottom sediments and

studies on bottom topography by echo sounders in their activities.
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Recommendation 4 : Marine Pollution

The Symposium recommends that ICG should explore the possibility of

establishing a tropical centre for the study of marine pollution.
Recommendation 5: Phytoplankton Research

The Symposium recommends that further research in qualitative and quan-

titative variability of phytoplankton be carried out and also include the most useful
14

biochemical methods such as C  technique and fluorescence method, be encouraged

among scientists in the region.

Recommondation 6: Zooplankton Research

Noting the relatively small amount of work presently undertaken on Z00op-
lankton and realizing the urgent need to improve the knowledge ‘on fish eggs and
larvae which may provide additional information on the abundance and distribution of
fishery resources in the CSK area, the Symposium recommends that more work on
zooplankton, particularly the early life stages of fish, be conducted by member countries.
Such studies would be a most useful supplement to the fisheries resources surveys
and assessments to be undertaken under the framework of the FAO/UNDP South
China Sea Fisheries Development and Coordinating Programme and studies carried

out by SEAFDEC. It is noted that substantial material of zooplankton, including fish
eggs and larvae, is available at the Regional Marine Biological Centre in Singapore,

and the Symposium urges the final evaluation of these samples and publication of the

results. Special attention should be given to annual variablity.

Recommendation 7: Larval Feeding

The Symposium recommends that studies similar to those on Rastralliger

neglectus (Paper Number 304) be encouraged in the region.
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Recommendation 8 : Fish Taxonomy

The Symposium appreciates results of the Technical Seminar on Fish
Taxonomy in South East Asia (November~December 1972, Phuket, Thailand) and
request FAO to expedite the publication of Identification Sheets for 280 species prepared
during that Seminar so that they may be used for the improvement in the collection

of fisheries statistics and for other purposes.
Recommendation 9: Fisheries Statistics

The Symposium recommends that the collection of catch and effort statistics

by member countries should receive the priority attention of their governments.

Recommendation 16: Fishery Resources

The Symposium noted that the Southeast Asian Fisheries Development Center
(SEAFDEC) held a Technical Seminar on South China Sea Fisheries Resources in
Bangkok from 21 to 25 May 1973. It welcomed the recommendations made by the

SEAFDEC Seminar which are reproduced in Annex and endorses them fully.

The Symposium noting the importance of the resulis presented in paper
Number 301 on the trawl catch rates in the Northern part of the South China Sea,
recommends that this paper should be studied in relation to those presented at the

SEAFDEC Seminar.

Recommendation 11: Shipboard Training

The Symposium recommends that the ICG explore the possibility of making
arrangements with member countries for the shipboard training of young scientists,

wherever possible.
Recommendation 12: Publication of Symposium Papers

The Symposium recommends that Symposium papers be published in a form

similar to that of the two previous CSK Symposia, and that the I0C be approached
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to contribute to the cost of publication through the assistance of UNESCO Regular

Program for I0C and the IOC Fund-in-Trust.

9. CLOSING OF THE SYMPOSIUM

9.1

9.3

Dr. Loi (Vietnam) on behalf of all the participants moved a vote of thanks
to the Government of Thailand for hosting the 3rd CSK Symposium and to
Dr. Pradisth Cheosakul and all his staff for their efforts in making this

Symposium possible.

Prof. Ronquillo thanked the Chairman, the participants and the Secretariat of
the National Research Council of Thailand for the kind cooperation he had

received during the Symposium.

There being no other business, the meeting adjourned at 17.00 hours on 29th

May 1973.

Local Secretariat : Mrs. Sakuntala Bhodhiprasart
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1.1 GENERAL RESULTS OF OCEANOGRAPHIC OBSERVATION IN 1970, 1971
in
THE GULF OF THAILAND
by

CAPTAIN T. PONGSAPIPATT R.T.N. AND MISS GULLAYA SAPSOMWONG

Abstract

The results of the cruises of carly August 1970 and 1971 were discussed. It

was found that sea water properties in mid-SW monsoon were affected to a large extent
by discharges of viver water into the Gulf of Thailand. Temperature and salinity showed
distinct tongue of water intruding Jrom South China Sea along the western gulf and out

flow of less saline and cooler along the eastern gulf.

OBSERVATIONS OF 1970
1. Temperature
The observed distribution of temperature between August 5, and September
10, 1970 at surface, in vertical section and in three dimensional composite sections

are shown in figures which will be discussed in the following.

a. HORIZONTAL TEMPERATURE DISTRIBUTION

Surface and subsurface contours of temperature are shown in Fig. 1 to ,4

Fig. 6. ) .

1) At surface — The maximum temperature of 30.14°C occurs from

about latitude 8030’N. to latitude 10030,N. in the western part of

the Gulf of Thailand. There is a decrease of temperature Northward

and Southward from this area in Fig. 1. A minimum temperature
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2)

3)

4)

5)

6)

of 28.18°C occurs in the eastern- part of thé Gulf. and then increase

northward and southward.

At 10 meter — The distribution of temperature at this level is

shown in Fig. 2. The highest temperature is 29.6°C and, similar
to the surface, it occurs from about latitude 8°30'N. to latitude
10030’N., between Surathani ‘and Nakornsrithamarat. The tem-
perature decreases northward and southward from this area. Low

temperature is found off the east coast.

At 20 meter — The high temperature distribution is similar to 10
meter level. Low temperature of 26.3°C is found ﬁear Kalantan
with temperature gradient incfeasing northward and southward.
The relatively coél water w1tb terhperature less than 28.2°C is
found from latitude 4°40'N to latitu&e 9°30'N along the east and

west coast.

At 30 mier Temperature distribution at 30 meter is shown in
Fig. 4. The highest temperature of 29.0°C occurs at about latitude
10040'N. in the middle region of bfhe Gulf, and 16W temperature
watef occurs at latitude 6020,N. The teminérature gradually increasés

northward and southward from this cool area. The isotherm of

- 28.2°C is found along the west and east coaét.

At 40 meter — The high temperature distribution at this level is
similar to 30 meter level (see Fig. 5), but low temperature water

is at latitude 3°N off the west coast.

At 50 meter — The temperature distribution of this level is shown

in Fig. 6. The high temperature of 29.0°C is found at latitude




11°N. in the middle region of the Gulf, and the coldest water with

temperature of 25.27°C is found at latitude 804O'N .

VERTICAL TEMPERATURE DISTRIBUTION

The distribution of temperature in vertical section in the year 1970

is shown in Fig. 7 and 8. There are 9 sections in NE — SW cross—

section and 4 sections in longitudinal section.

1)

2)

3)

Low surface temperature is near both sides of the upper part of
the Gulf of Thailand (see profile 7.1) from then a gradient of
temperature is found with increasing temperature to the middle of
the Gulf. In the middle region of the Gulf appears a uniform
temperature from surface to bottom (see pfofiles 7.1, 7.2) because
of a well mixing. Low temperature water occurs along the east
coast from surface to about 20 meter depth. (see profiles 7.2, 7.3,

7.4, 7.5, 7.6 and Fig. 1)

In the western part of the Gulf, it appears that the temperature
decreases with depth and a stratification of isotherms is apparent
(see profiles 7.2, 73, 74, 75 and 7.6). Maximum vertic'al_
temperature gradient is found in the western part and some regions
in the middle of the Gulf. Thermocline layer rises toward the
surface as it approaches the west coast. But a well mixed water
is found i}l the eastern part of the Gulf of Thailand (see profiles 7.1,

7.2, 7.3).

Thermocline layer at both sides of profile 7.5 is between depths
of 30 and 45 meter, but at the western part, it is deeper than the
eastern part. In profiles 7.4 and 7.5 below thermocline layer is

underlain by cold water.
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2. Salinity

40

4)

In profile 7.9, surface temperature off the west coast is lower than
the east coast. Thermocline properties is found along this profile
between depths of 30 to 70 meter, and the isotherms move upwards

the surface, going from east to west.

The observed distribution of salinity between August 5, and September 10,

1970 over the surface, in vertical section and in three dimensional sections are shown

in figures that follow.

a. HORIZONTAL SALINITY DISTRIBUTION

Surface and subsurface isoline of salinity are shown in Fig. 9 to Fig.14.

1)

2)

3)

At surface — The highest salinity occurs near the west coast in

the upper part of the Gulf of Thailand, and decreases eastward
until reaching minimum. At the lower part of the Gulf near the
west coast, salinity is less than 32.4 per mille and then graduélly

increases eastward and southward (see Fig. 9).

At 10 meter — High salinity water occurs near the west coast off

the area of Nakorn Srithamarat, Surat Thani and Chumphon, and
decrease eastward to be less than 31.00 per mille in the vicinity
of Poulo Panjang, (see Fig.lO). But in the lower part of the Gulf,

high salinity occurs near the east coast.

At 20 meter — Fig.11 shows that the low salinity is in the middle

region of the Gulf and in the area of Poulo Panjang on the eastern
side. In the western side and in the lower part of the eastern area

high salinity is found.




4) At 30 meter — High salinity above 33.00 per mille occurs at both

5)

sides and decreases gradually to the middle region of the Gulf,
(see F ig.12). The highest salinity of 33.75 per mille on this level

is found south of latitude 7 N. in the western area.

At 40 meter — In the upper part of the Gulf, high salinity occurs

at both sides and decreases while proceeding to the middle region

of the Gulf (see Fig.13).

At 50 meter — This deepest level is shown in Fig.14, the salinity

distribution in the upper part of the Gulf is similar to 40 meter

level (see Fig.13).

VERTICAL SALINITY DISTRIBUTION

1)

2)

The distribution of salinity in the year 1970 shoxxrs that, the highest
salinity occﬁrs at the western side near the coast of Prachuap
Khirikhan, (see profiles 15.1, 15.2 and Fig.9), and then decreases
eastward. The lowest salinity of 30.80 per mille is found near
Poulo Panjang. This less saline water extends from surface tc the
depth of 20 meter, but below this layer the salinity increase
abruptly to abéut 33.00 per mille. The salinity gradient do not
occur in the middle region of the Gulf in profile 15.2, because of

the existence of well mixed water.

Off the west coast, high saline water is found along the coast (see
proﬁle 15.4). But the high saline water isoline in the lower part
of the gulf dip deeper than the water off the coast of Prachuap
Khirikhan and dip deeper as they go farther east, (see Fig. 16).

The salinity at both sides in profiles 15.5, 15.6, between latitude
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6.30’N. and latitude 9 N. are 32.0 per mille and 32.5 per mille.

Vertical salinity gradient is found along the west coast and in the

g i s
I E———

deep layer of the middle region with salinity in excess of 33.5 per
mille. At the deepest level profiles 15.4, 15.5 show that water in

this area is underlain by a high saline water.

3) South of latitude 640 N., (see profile 15.7) the salinity off both

sides of the Gulf are 32.5 and 33.0 per mille, and this profile

i Gk e
o s vz

shows a well mixed water.

4) In the lower part of the Gulf (see profiles 15.8 and 15.9), high

salinity water is found in the deep region and extends from west

to east (see Fig. 16). Surface salinity is between 32.5-33.0 per

s e wme o

mille.

OBSERVATIONS OF 1971

1. . Temperature

a. HORIZONTAL TEMPERATURE DISTRIBUTION

Surface and subsurface isotherm for 1971 between July 20 and August

17, are shown in Fig. 17 to 22.

1) At surface — Sea water with temperature below 276 C is found

in the upper part of the Gulf, in the area of - Chumphon. The

B N e
T ——

temperature decreases southward from this area. The highest
temperature of 29.6 C occurs off the coast of Pattani and Narathiwat. '

Average surface temperature in this year is lower than the previous-

year (see Fig. 17).

2) At 10 meter — The temperature distribution at this level is similar

to that at surface (Fig. 18).
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3) At 20 meter = The lowest temperature of 26.82.C is found at the
lower part of the Gulf, it reaches the highest temperature as it
approaches the coast of Pattani. The other low temperature water

is near the upper part of the Gulf of Thailand (F ig. 19).

4) At 30 meter — There are three areas of low temperature in this
level (Fig. 20). These are off the coast of Kalantan, Cape Camau
and north of Prachuap Khirikhan. The lowest temperature of
25.77°C is at latitude ‘630 N off the coast of Kalantan, and the
highest témperature of 28.92°C is found in the middle region of
the Gulf.

5) At 40 meter — The lowest temperature occurs off the coast of

Kalantan and increases northward (see Fig. 21).
6) At 50 meter - There are two areas of cold and warm water in

this deepest level (Fig. 22). The colder area is at the lower part
of the Gulf. :

VERTICAL TEMPERATURE DISTRIBUTION

The temperature distribution in 1971 is similar to the year 1970
in the upper part of the Gulf (see Profile 23.1) the temperature - main-
tains between 27.5 —27.8°C from surface to bottom. Low surface
temperature is found off the coast of Chumphon (see Profile 23.1). The
vertical temperature gradient occur at the lower part of the Gulf off
the west coast (See Profiles 23.2, 23.3, 23.4, 23.5, 23.6 and Fig. 24)
where thermocline layer is between 12 to 33 meter depth and 35 to 45
meter from west to east respectively. Thermocline rises upward when
approaching the coast. But at the eastern part, the water is well mixed

from surface to bottom, (see Profiles 23.2, 23.3, 23.4 and 23.5).
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2. Salinity
a. HORIZONTAL SALINITY DISTRIBUTION

Surface and subsurface isolines of salinity are shown in Fig. 25 to

Fig. 30.

1) At surface — The highest salinity is found in the upper Gulf
especially near the coast of Chumphon and Prachuap Khirikhan to
Songkla and Nakorn Srithammarat. The lowest salinity of 30.70
per mille occurs near Cape Camau, (see Fig. 25) and another high

salinity area is to the south of latitude 7°N.

2) At 10 meter — The salinity distribution at this level is the same

as at surface (see Fig. 26).

3) At 20 meter — Along the west coast the salinity is above 33.0 per
mille and gradually decreases as it approaches the east coast. The
low salinity water is at the middle region of the upper part of the

Gulf (see Fig. 27).

4) At 30 and 50 meter — The distribution of salinity is similar to

depth of 20 meter.

b. VERTICAL SALINITY DISTRIBUTION

The vertical salinity distribution for 1971 is similar to the year
1970. The highest surface salinity occur in the upper part of the gulf
on western side (see Profiles 31.1, 31.2) and the high salinity is found
off the west coast of Chumphon, Prachuap Khirikhan and from Songkla
to Nakorn Srithammarat. The salinityl is also increases with depth
(see Profiles 31.3, 31.4, 31.5). This high saline water in deeper levels

extend farther south than the year 1970. The low salinity occurs near
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Cape Camau from surface to 20 meter depth. Below this lesser saline

water is the higher saline water (see Profiles 31.5 and 31.6). The
steep vertical salinity gradient is found at the western side but in the
eastern side the gradient is weak showing a well mixed water (see
Profiles 32.2, 33.4). At the deepest level of the Gulf it is underlain

by water of salinity above 33.5 per mille.

SUMMARY OF FEATURES OF INTEREST

I. The high salinity water occurs along the west coast. It is believed that
this high saline water comes from the South China Sea extending and
climbing up the slope of the west coast, which is indicated by high salinity

and increasing of temperature as they climb up near the surface. This

water mass move upward the slope as it approaches the upper part of the
Gulf of Thailand (see Fig. 1, 8, 9, 16, 17, 24, 25, 32, Profiles T.1;-15:1; *
23.1 and 31.1). L

2. The low salinity and temperature is found off the east coast to the area of
Cape Camau. Because the excessive precipitation on this side in the south

west monsoon period and the accumulation of freshwater runoff from

Cambodia. This less saline and cooler water extends from the surface to

about 20 meter depth, (see Fig. 1, 2, 8, 10, 16, 17, 18, 24, 25, 26, and 32).
Below that layer, the salinity increases abruptly, which is the properties of

the water from South China Sea.

3. Low surface temperature in the upper part of the gulf near Prachuap
Khirikhan corresponds to high salinity which is an indication of upwelling

as illustrated in Fig. 1, 9, 17, 25, Profiles 7.1, 15.1, 23.1 and 31.1.

4. A well mixed water occurs near the east coast and in the middle region of

the gulf, (see Profiles 7.1, 7.2, 15.1, 15.2, 23.1, 23.2, 31.1, 31.2, Fig. 8, 16,
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24, 32). But near the west coast and the lower part of the gulf a steep

vertical gradient of temperature is shown. Thermocline layer slopes down

from west to east with warmer layer water above.
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1.2 MARINE SEDIMENTS
IN THE NHATRANG AREA
by
Nguyen-Ngoc-THACH
Oceanographic Institute

Nhatrang, South Vietnam

INTRODUCTION

The study area, located at Central Vietnam, extends for approximatix'fely
30 km. along the coast and 18 km. offshore. Concave seaward, the Nhatrang Beach is
continuous over a distance of about 6 km. ‘Northward, the DongDe Beach is more
concave but shorter. Draining from mountainous regions, the Song Cai and Cua Be
rivers supply abundantly terrigeneous materials during rainy season. Seaward, the Hon
Lon island divides the Nhatrang bay into a northern part and a southern part. Besides
the Hon Lon island, a great number of smaller islands spread over the stﬁdy area.
Among them should be mentioned the Hon Mieu, Hon Tam, Hon Mot, Hon Mun, Hon

Ho, Hon Dung. -

The Prevailing winds are from southwest during Summer (F ebruary to

September). In other months, they blow in the opposite direction.

From geolbgical standpoint, the coastal region comprised between the Song
Cai and Cua Be rivers is a plain formed by quaternary alluvium (Fig. 2). Northward
and southward, the mountains are formed respectively by dacite and - granite. With

regard to the small islands such as the Hon Mieu, Hon Tam, Hon Mot, Hon Mun,
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they are of rhyolitic formation. Rhyolite also occurs partly the Hon Lon island, on an

elongated band. Granites are reported to be common in the remaining part of this

island and in Hon Ho,

Hon Dung. The highest mountains are the Le Tondu (643

meters), ‘Hon Lon’ (482 meters) and Hon Kho’ (376 meters).

METHODS OF STUDY

115 sediment samples have been collected by means of a clam - shell snapper

which was used since this study was concerned with the nature and areal distribution

of marine sediments (Fig. 3). With regard to the beach sands, they were obtained

from the beach foreshore about 5 feet above mean lower low water. 11 samples were

taken along the Nhatrang beach and 6 along the DongDe beach by pfessing a small

glass sample jar into the sand surface.

In order to study the grain-size distribution pattern, mechanical analyses

have been performed. The samples were wet sieved through a 62-micron mesh sieve

to separate sand from silt and clay. The pipette method was used to analyse the mud

fraction while the sand fraction was dried, weighed and then dry sieved. The results

of sieving were combined with the pipette analysis data to obtain the final weight

percentages.

The grain-size is expressed by @ which is deduced from the diameter d

by the relation :

d=2 —_— =—10g2d

WENTWORTH s scale is used for size—classification.

The calcium carbonate content was estimated gasometrically. It is deduced

from the volume of carbon dioxide driven off by action of hydrochloric acid on calcium

carbonate present in the sediment.

80




109° I8°8 1992 2¢c' g

] l
HON KHo Mt KE GA Pt
CORAL BANK
HON Ho @
HON DUNG
12° 15'N —| 722 15’ ~
120 10°N X 7 ° 1o’
HON TAM —il 72° ro'mwN-
A
LETONDU mb
o 5 Km
| . |
109° 10'E 109° 20’E

Fig 1 = LOCALITY MAP

81




b ANt S 5ol b

£

%
ry : Rhyolite

gr&.mmmm W.
Z » w.
Z
Y B
3z AW ﬂ
m £
¢ P
< Fmnssy m ﬂ
G oo 3 5 ¢ A n W
& fecme i) . |
< 5 3 E ,
o e ST A 2 |
m s 3 ) umu& el o H\‘ 8 W
KR A o - |
= Kot o mmr ] S % S
o [+
L o // <
i e - /ry ot &
(@)
Q.
<L
=
Q
(&)
(@]
-
@)
wl
o
L
S
&0

& ﬂ. ;
e Rey o
X %% N |
bt nV ]
¢ e
& SE
vrm,.;.x =
/ —
< )M»«f (o]
X%
L H 5

82




CaCO3 + 2HC1 ______)CaCl2 + COZ/ + HZO

If m grammes of sediment are used for analysis and V is the volume of

carbon dioxide measured, the calcium carbonate content will be :

\4
CaCO, 7 = 04— (1)

BEACH SANDS

The Nhatrang beach in covered by medium sand: median diameters vary
from 0.22 @ to 2.12 @ around an average of 1.47 @. For the DongDe beach, they ére
within a range of 2 @ to 2.65 @ with an average of 2.40 @. This shows the pre-
dominance of fine sand on the DongDe beach. Variations of median diameters along

the beach are slight.

Beach sand are deposits which median diameters range from 0 to 3¢%

Earlier reports concerning beach sands of different countries show the same results.

These beach sands are well-sorted with the Phi Standard Deviations ranging
from 0.275 to 1.25. Using a diagram' with the Phi Median Diameter plotted against Ox
and the Phi Standard Deviation against Oy, we found the best sorting for sands of_

Median Diameters around 2 @.

\

The Phi Skewness Measure is almost negative. In other words, the modal -
group lies to the fine side of the ~median diameter. Sometimes skewness is positive

but deviates 'slightly from O.

There is a striking difference between the calcareous matter amount in

these 2 beaches. The Nhatrang beach sands exhibit an extremely low content of CaCO,
(less than-2 Z). On the contrary, the DongDe beach sands are of biogenic origin : they

-are highly calcareous with CaCO3 content reaching 70 %. Their calcareous matters are

-contributed by the dead corals in DongDe.




MARINE SEDIMENTS

Based on the grain-size distribution pattern, the surface sediments of

Nhatrang Bay can be classified into 3 types (Fig. 4) :

(1) sand

(2) mud

(3) sediments associated with the Coral Bank.

1. The sand belt

Sandy sediment covers most of the northern part of Nhatrang bay and

occurs for about 15 km. from shoreline and along the Nhatrang and DongDe beaches.

The continuous stretch running from Cua Be estuary to Ke Ga point is named offshore

sand belt to distinguish it from the proper sand belt located at the north of Hon Lon
igland.

2. The mud belt

Silt covers the widest part, forms the southern, eastern and northernmost

boundaries of the study area. The proportion of sand in these marine deposits is very

low, compared to that of the sand belt. Coarse shells and. shell fragments were rarely

found: CaCO3 contents are less than 30 ¥%.

3. Sediments associated with the Coral Bank

Around the Coral Bank, marine deposit consists mostly of corals, skeleton

debris, plant fragments and is very unsuitable for sample collection.

Gravels and fine sands are also present but only in minor quantities. The

,2‘

coral debris exhibit a large range of coarseness. Calcareous matter amounts exceed 707.

'

S

et

CALCAREOUS MATTER

The calcareous material is present in all ‘sediment of the study area. Its

~-amount varies from less than 10 % to more than 90y%.
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THE NHAIRANG BAY

SAMPLE LOCATIONS
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The most important carbonates in marine sediments are :
— calcite CaCO,
— aragonite CaCO3
~ dclomite Mg,Ca (CO3)2

‘However, the emphasis should be placed upon the percentage of carbonate rather than

upon the character of calcareous material.

The results calculéted» from the relation (1) are higher than the calcium

carbonate content because the carbon dioxide can be generated by action of hydrochloric
acid on other carbonates such as dolomite, magnesite, siderite. Fortunately, CaCO3
cohstitutes more than 90 7 of total carbonate in' most evironment sediments. On the
other hand, the reactlon used for CaCO content estimation was reahzed at ordinary

temperature — no heatmg hence the actions of Mgt*, Fett are neghglble.

The calcareous matter has many origins : detrital, authigenic or biogenic.

In the study area, the main source of calcareous material is thought to arise from

the biogenic origin.




1.3 TIDAL PREDICTION BY A COMPUTER
Lt. Cdr. Thanom Charoenlaph R.T.N.
Hydrographic Departmént, Royal Thai Navy
and
2nd-Lt. Krisda Kiangsiri

Data Processing Center, Supreme Command Head Quaters _

Abstract
In 1952 the Hydrographic Department, Royal Thai Navy, purc'haséd a standard
- tidal predicting machine from the Le'ge' Scientific Instrument Company Limited, thce.
Since then the tidal prediction by the karmqnic method in Thailand lzad started. Nowadays
most of the tidal institutes have developed their bredictions done by means of computer.
The tidal predicting machine is varely used-in the standard work, or quitted to be

constructed.

When the Thai Military Supreme Command Head Quarters established the
Data Processing Center, the Hydrographic Department took chance to develop the tidal

prediction to be done by means of computer.

Fortran IV was selected as the program language. The mathematical model
- was derived from P. Schurman s Jormula for tidal prediction and it was intended to keep
the program as simple as posstble.

The computer finished the prediction which w&s previously spent 2-3 weeks by
the Kelvin machine in only hab‘ an hour with better accufacy. ~However, the programs
~still have some weakness which must be impfoved for better performances, less redundancy

and more efficiency in processing in the future.




HISTORY

The Hydrographic Department, Royal Thai Navy has been the authority
in predicting of tides in the Thai Waters for over 20 years. At the beginning, the
prediction was only done for one station, for the purpose of serving the ships to pass

the Bangkok Bar.

Before 1952 the U.S. Hydrographic Department was contracted to do these

computations. In 1952 The Hydrographlc Department of Thalland bought a standard
tidal predicting machine of 30 components from the Légé Scientific Instrument‘
Company Limited, France. By the end of that year the tidal predietion was really

started in Thailand.

Ever since 1952, our only tidal predicting machine has been in excellent
condxtlon and provided us with good results. Number of stations to be predicted has

increased from time to time in order to serve the needs of Public and militarjr.

At the present time, it is almost 1mposs1ble to have predictions of about

24 to 28 stations completed in time due to the speed of the machine.

We have learned that nowadays most of the tidal institutes already developed
their predictions to be done by means of computer. The- standard_ tidal predicting
machine is rare to be found in uses. As of 1952 perhaps the tidal institute of

Thalland is the only one for whom the predicting machine is Stlll servmg

When the Military Supreme Command Head Quarters established the Data
Processing Center with IBM 360/40 computer, the Hydrographic Department took
that opportunity to ask for the Ccooperation in starting the development of the tidal

prediction to be done by means of computer.




After 4 months of analysis and programming, we got the first correct
results. However we knew that there still be a lot of things needed to be studied and

corrected in order to get better results in the future.

The tidal predicting machine is still used from time to time in the purpose

of checking the outputs and maintaining the condition of the machine itself.

MATHEMATICAL PROCEDURE

The height of tide at any time as given by Paul Schurman")

N
h = Hy+ Z f, Hy cos [ant + (Vg+ﬁ)n - K'n]

n=1

in which,

is the height of tide at any time

is the mean height of water level above datum used for predictjon. For
places on the open coast, the mean water level is identical with mean
sea level but the upper portions of tidal river that have an appreciable
slope or in the gulf, the mean water level may somewﬁat be different

from the mean sea level.

is the mean amplitude of ardy constituent. It is a harmonic constant,
determined by a tidal analysis. Each place will have its own set of

harmonic constants Hy and K, : once determined will be available for

all times, except that they may be slightly modified from better series

of observations or by changing in the physical conditions.

(1) Paul Schurman, Manual of Harmonic Analysis and Prediction of Tides, Special
Publication No.98, U.S. Coast and Geodetic Survey Washington, D.C., 1958,317 pD.




f, is the node factor for reducing the mean amplitude to be true amplitude
; for year of prediction.
ap represents the angular speed of any constituent per unit time. In

prediction of tides, a, are usually given in degrees per mean solar hours.

(V0+u)n is the value of equilibrium argument of a constituent at the initial

instant from which the value of this reckoned, i.e., when t=0.
K, is the modified epoch any constituent.
is the number of constituents.

t  is the time expressed in mean solar hour.

PROGRAMMING TASKS

One can also program a computer to “think” like a human being to a ceri:ain~
degree ; therefore, a progrdm “cannot be developed to be capable equally to man’s
instinct to perform. There would be some ex.ceptionalAsteps in a certain task, Whicﬁ
has some sort of ill characteristics, that cannot be prevented from the existence of
uncertainty. On the other hand, there are all sorts of errors re'sulting from man's
performances which can be completely eliminated by the computer’é preciseness. Hence,

it all depends on man's decision whether which kind of tasks are to rely on a computer

and which type of computer would be suitable.

When first started, it was not to our realization how complicated the
programming task of this computation could get; therefore, correction .has been made
whenever a problem occurred. It took a little than a month to finish up a program

for calculating the hourly values of astronomical tide.

This program simply reads data input from cards, processes then prints

the output values, daily. It does not account for any error which may occur from
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the input data, éince there is no logical way of detecting the relationships of associated
corresponding data, under the provided circumstances.
It is more desirable to leave this workable program alone and write a new

one to compute and search for the time and height of high and low water.

This other program is still in the process of being modified. It uses the
same logic as of the first program, plus seve1;al more functions and routines. Even
though the program is not in “good” condition, it has been working quite satisfactorily
‘to a certain extent. More testing C(;nditional routines are needed in attempting to

have this program work at near perfection.
It was intended to keep programming as simple as possible, i.e., a set of

instructions performs one or two things at the most. The efficiency has not been

concerned as yet. Thus, the existence of awkwardness is undenyable.

FORTRAN IV was selected as the rﬁost suitable language upon the facility
availability. The mathematical model used, derived from Schurman® can be writtenas

n
= TH0+Z.fiHi cos (ajt +oc;),  where
=i |

h is the height of tide at time t,
H, is the mean height of water level above datum at the location,
f; is the factor for reducihg mean amplitude to year of prediction,
H; mean amplitude of constituent A;,
(ait + Qci) is the phase shift of constituent Ai w/r time t.
The input of f;, H; and oc; are readjusted per period of 4 months in order

to minimize the errors occurring due to prolonged duratlon of time.

:

(2) See page 90 A ;

92




Déscriptions,'iriput/output samples, logic flow charts and listings of the

progfams are presented. (see appendices)

PROGRAM DESCRIPTION

The following program steps are for describing the subsequential program-

ming logic of the first program.

REF: APPENDIX C.

1) Read in the number of station (s) (1 up to 9).

2) Read in the numbér of *constituents and H,.

3) rPrint the title page.

4) Read in the first set of data input: H;,f; oc1 and a;.
5) initialize value for the number of days per month.
6) Test if new set of f; and ; are to be read in.

7) Read in the station name, year of prediction  and month for

8) Test end of page.
9) Calculate the hourly values.
Print the hourly values.
Y) Function DEGCON converts degree to radian (limiting from 0 to 2)
Z) Subroutine VASET resets the hourly values to be truncated, rounded

off or equal to 0 the truncated value + .5, :

The following steps describe the programming steps of the second

program.

REF : APPENDIX D.

1) Similar to (1) of the first program.




2) Read in station name, year of prediction. And the number of con-
stituents and H,,. 7

3) Similar to (3) of the first program.

4) Data initializations.

5), 6) Similar to (5,6) of the first program.

7) Similar to (9) of the first program.

8) Searching for interval which high tide might exist.

9) Set ;the time accordingly with the step (8) above.

10) Calculating and searching for the maximum height.

11), 12), 13) Similar to (8,9,10) above but for the minimum of tide height.

14) Call subroutine VASET.

15) Output routine.

A) Subroutine NEGCSE calculates time to the nearest minutes, reset the
index Whe‘n maximum or minimum found in the previous day.

B) Similar to Z of the first program.

C) Print heading.

D) Similar to X of the first program.

CONCLUSION

These two programs have their weaknesses which can be improved for

better performances, less redundancy and more efficiency in processing.

There is an extension to this project; that is to write a program for the
h‘armonic analysis. It is still questionable whether the core storage available is large
enough to hold the program. In case it is feasible, special tricks and techniques will
be required. Hence, in computerizing the whole system of the astronomical tide predic-

tion, much more time and more understanding of the problem (s) will be needed.
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APPERDIX A

LOGICAL FLOW CHART,HOURLY PREDICTION

START

l "INPUT : CONTROL NO. OF STATION (S)
A\
IS THERE ANY MORE STATION ? <>\ ,(

INPUT : NO. OF CONSTITUENTS, Ho.

| OUTPUT : HEAD PAGE

INPUT HARMONIC CONSTANTS,
SET MONTH CONTROL

IS ANOTHER SET OF DATA-
REQUIRED?

OFF-PAGE CONNECTOR

A-1




OUTPUT HEADING

IS END PAGE ON?

OUTPUT HEADING

@ OFF-PAGE CONNECTOR

=

IS MONTH CONTROL ON ?

)

By

CALCULATE TIDE VALUE, HOURLY.

OUTPUT : HOURLY TIDE VALUE, DAILY
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APPENDIX B

LOGICAL FLOW CHART, HIGH / LOW VATER PREDICTION

=

( INPUT : RO. OF STATION (S)

Q}

IS THERE MORE STATION?

INPUT : NO. OF CONSTITUENTS,Ho AND-

OUTPUT : HEADING PAGE

B H— .
NO
1S THERE MORE MONTH?
YES
. INITTALIZATION OF VARIABLES
A
OFF-PAGE CONNECTOR 10
B-1

HARMONIC CONSTANTS
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OFF PAGE CONNECTOR

IS THE SET OF DATA
(H;, § .o¢; )NEEDED?

THE NEXT SET OF DATA (

OUTPUT : HIGH / LOW

98

1ES

NO

AND TIME OF T]DE{ f

HOURLY VALUES CALCULATION

SEARCHING HIGH WATER

SEARCHING LOW WATER
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APFENDIX D ¢t PROGRAM, HICH/IOW WATER PRRDICTION

G ‘t‘t““‘.“““lt‘l.‘l‘#".“‘lll.““"t‘t‘*t“tttt"‘#““‘.“ll.t‘.‘#t‘.‘

CUMMON HIGH (3,93),ALOW(3,93) 00007200
CUMMON /CONTRL/Z I1 00007300
CUMMUN /MONLMT/LIM 00007400
DIMENSIUN H(30)4F(30),ALP(30),ANG(30), SUMH(26) 00007560
DIMENSION FILL(10), FILR(10) 00007600
DIMENSION ITIME(3,93),JTIME(3,93) 00007700
500 FORMAT (F6.3,1XeF6e4s1XsFS5.101X,F9.6) 00007800
520 FORMAT (Fb6.4y1X,F5.1) 00007900
540 FURMAT (10X,I1) 00008000
550 FORMAT (10X,1248X,F6.2) 000068100
560 FURMAT (° ") 00008200
1006 FURMAT (° ©,'DATE/HOUR® 13X,24(2X,12,1X)) 00008300
1010 FORMAT (%0', 2X,12,8Xs24F5.1 ) 00008400
1400 FURMAT ('0%4///////11/+ 5X,*PROGRAM BY KRISDA KIANGSIRI, SUPREME 00008500
*CUMMAND D.P. CENTER  JUN.-JULe, 1972%) 00003600
1450 FURMAT (*1°¢////77////y 60X,*TIDE TABLES®) 00008700
1470 FURMAT (*0°,40X,* VALUES APPEARING IN TABLES SPECIFIED IN DECIMETEO0008800
SRS : 00008900
7001 FURKAT (° *, 'THE INTERVAL BETWEEN TWO PRINTING QUTPUTS VARIES 00009000
®* 5 TO 10 MINUTES BE PATIENT') 00009100
7000 FORMAT (*1¢) 00009200
[ ‘t“#‘ﬁﬁt“‘t““l“““t“t“ttt‘t“ttt‘ttttt‘“tt#tt..“‘““‘.“t““&lt“
WRITE (15,7001) 00009300
C 00069400 §
READ (1,540) NUMB 00009500 |
PRINT, 540, NUMB 00009600 T
D0 999 IJK =1,NUMB 00009700 ¢
READ (1,560) « : 00009800
READ (1,550) NOCONS, HCONST 00009%0c 2
PRINT 7000 00010000 I
PRINT 550, NOCONS, HCONST 00010100
DO 1 I=1,NOCONS 00010200
READ (155000 H(I)oF(I)oALP(I),ANG(I) 00010300 3
1 CUNTINUE 00010400
WRITE (3,1450) 00010500 T
WRITE (3,1470) 00010600
PRINT 1400 00010700
10 = 1 00010800
ct#‘#.tt?tttt‘tttt.t‘.“l.““"..!.“‘t‘.lt‘.ttt‘.‘tttt.‘ttt“.““““““t“
D0 5 II=1,14 00010900
GO TO ‘30'82180'30'82|80|80'82|50'80'82'80100'80). II 00011000
82 10 = 1 00011100
D0 3 IZ=1,3 00011200
DO 3 IX=1,93 00011300 i
ITIME(IZ,IX) = 0O 00011400
JTIME(IZ,IX) = O 00011500
HIGH (IZ,IX) = 0.0 00011600
ALOW (IZ+IX) = 0.0 00011700
3 CONTINUE 00011800 _4L
80 GO TO (1004692761496949696549644964102) 5 II 00011900
: 100 LIM = 3 00012000
/] - 3 = -72 00012100
» GU TO 12 i 00012200
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C***#ﬂlt#‘#*tt*‘tt#‘*-t**t***#*t##**#t*#*#**t**t*##*##*#**ttﬂt#***#***tttt

coo0o0n

60 TO 12
2 LiIM = 28
Gu TO &
4 LIM = 30
GU Tu 8
6 LIM = 3]
8 OU TO (12412+12+12910012412412412412,10412+12,12),11
10 DO 7 I=1,NOCONS
READ (1,520) FII),ALP(T)
7 CUNTINUE
JJ=0

12 DO 9 I=1,LIM
KCOUNT = [%3-2
LCOUNT = KCUOUNT
SUMH(1) = SUMH(25)
00 11 ,J=2,26
SUMH(J)=0.0
00 15 K=1;NOCONS
AA = ANGIK)*(JJ+J=2)+ALP(K)
AA = DEGCUN (AA)
SUMH(J) = SUMH(J)+ H(K)*F(K)*COS(AA)
15 CONTINUE
SUMH(J) = SUMH(J) + HCONST
11 CONTINUE

00012300
00012400
00012500
00012600
00012700
00012800
00012900
00013000
00013100
00013200
00013300
00013400
LR 2 £ 3 33

00013500
00013600
00013700
00013800
00013900
00014000
00014100
00014200
00014300
00014400
00014500
00014600
00014700
00014800
ok ok e ok

00015000
0oul5100
00015200
00015300
00015400
00015500
00015600
00015700
00015800
00015900
00016000
00016100

R A R KRR AR R KKK KRR KKK A K KR R R K oo ok ok o oK o oo oo o o o
00 21 IS TO FIND MAXIMUM LEVEL OF CAILY TIDE, SUBINTERVALLING 10 TIMESOQO14900
IF NECESSARY., :

5000 DO 21 [A=2,25

Cu = 1A
I[F (SUMH(IA) .GT. SUMH(IA-1)) GO T0 20
GO T0 21
20 IF (SUMH(IA) .GT. SUMH(IA+1)) GO T0 22
GO TO 21
22 BACK = JJ +IA-2
TACK = JJ +IA-2
IBUN = 14
00 23 18=1,9
VU = 18

FILR(IB) =0.0

FILL(IB) =0.0
IF (IBUN.EQ.l16) GO TO 24
TACK1l= TACK + DU/10.

00 25 1C=1,NACONS

- AREA = ANG(IC)I*TACKL+ ALP(IC)

SUB. = UEGCUN(AREA)
FILROIB) = FILR(IBI+H{IC)*F(IC)*COS(SUB)
25 CONTINUE
FILR(IB) = FILR(IB) + HCONST
IF (IB .EQ. 1) GO Tu 24
IF (FILR(IB) .GT. FILR(IB-1)) GO TG 23

D-2

00016200
00016300
00016400
00016500
00016600
00016700
00016800
00016900
oool7000
00017100
00017200
00017300
00017400
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HIGH(IOQ,KCOUNT)= FILR(IB-1)
ITIME(IO,KCOUNT)=(CU-2)*100+60*( (DU-1.)/10.)
KCOUNT = KCUUNT + 1
GO TO 21
24 BACK1= BACK - DU/10.
DO 27 I1D=1,NOCONS
AREA = ANG(ID)*BACK1l+ ALP(ID)
SUB = DEGCUNTAREA)
FILL(IB) = FILL(IB)I#HUID)*F(ID)*COS(SUB)
27 CONTINUE
FILL(IB) = FILL(IB) + HCONST
IF (IB .GT. 1) GO TO 28
IF (FILR(IB) .GT. FILL(IB)) GO TO 30
IF (FILL(IB) .LT. SUMH(IA)) GO TO 32
IBUN = 16
GO TO 23
28 IF (FILL{IB) .GY. FILL(IB-1)) GO TQ 23
IF (IC .EQ. I .AND. KCOUNT .EQ. 1) GO YO 21
HIGH{I0,KCOUNT) = FILL(IB-1)
ITIME(IOoKCOUNT )=(CU-3)%100+60-(60*((DU-1.1/10.)1}
KCOUNT = KCOUNT <+ 1
IF (ITIME(IO,KCOUNT-13) .GE. 0) GO TO 21
KCOUNT = KCOUNT - 1
ITIME(IO,KCOUNT) = 60-(60*((DU-1.)/10.))
CALL NEGCSE (KCOUNT, IOoFILLyITIME,HIGH)
KCOUNT = [%3-2
ITIME(IO.KCOUNT) = 0
HIGH(IO¢KCOUNT) =0.0
34 GO TO 21
30 IF (FILR{IB) .GT. SUMH(IA}) GO TO 23
32 HIGH(IO,KCOUNT) = SUMH(]IA)
ITIMECIO,KCOUNT) = (IA-2)%*100
KCOUNT = KCOUNT + 1
GO TO 21
23 CONTINUE
21 CONTINUE

00017500
00617600
00017700
00017800
00017900
00018000
00018100
00018200
00018300
00018400
00018500
00018600
00018700
00018800
00018900
00019000
00019100
00019200
00019300
00019400
00019500
00019600
00019700
00019800
00019900
00020000
00020100
00020200
00020300
00020400
00020500
00020600
00020700
00020800
00020900
00021000
00021100

00021200
000621300
00021400
00021500
00021600
00021700
00021800
00021900

bbb dd At d g A R T T
00 31 IS FOR SEARCHING LOWEST LEVEL OF DAILY TIDE ODIVIDING THE HOUR INTO
10 INTERYAL IF NEEDED.
6000 DO 31 IA=2,25
CUu = IA
IF (SUMH(IA) .LT. SUMH(IA-1)) GO TO 40
GO 10 31
40 IF (SUMH(IA) .LT. SUMH(IA+1)) GO TO 42
GO 10 31
42 IBUN = 14

TACK = JJ +IA-2
BACK = JJ +[A-2
00 33 I8=1,9
OuU = I8
FILR(IB) =0.0
FILL(IB) =0.0

00022000
00022100
00022200
00022300
00022400
00022500
00022600
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IF  (IBUN .EQ. 16) GO TQ 44
TACK2= TACK + DU/10.
DO 35 IC=1,NOCONS
AREA = ANG(IC)*TACK2+ ALP(
SUB = DEGCUN(AREA)
FILR(IB) = FILR(IB)+H(IC)*F
35  CONTINUE
FILR(IB) = FILR(IB) + HCONST
IF (1B .EQ. 1) GU TO 44
IF (FILR(IB) .LT. FILR(IB-
ALOW(IO(LCOUNT) = FILR(IB-1)
JTIME(IO,LCUUNT)=(CU-2)%1
LCOUNT = LCUUNT + 1
GO TO 31
44 BACK2= BACK - DU/10.
DB 37 [0=1,NOCONS
AREA = ANG(ID)*BACK2¢ ALP(
SUB = DEGCON({AREA)
FILL{IB) = FILL(IB)+H(ID)*F
37  CUNTINUE
FILLOIB) = FILL{IB) + HCONST
IF (IB .GTo 1) GU TU 48
If  (FILR(IB) LT. FILL(IB)) GO T
IF (FILL(IB) .GT. SUMH(IA)) GO T
IBUN = 16
GU TO 33
48 IF (FILL(IB) LT, FILL(IB-1)) GG
IF (10 <EQ. 1 .AND. LCOUNT .EQ.
ALOW(TUyLCUUNT) = FILL(IB-1)
JTIME(IOsLCGUNT)=(CU-3) %]
LCUUNT = LCOUNT ¢ 1
IF (JTIME(IUsLCUUNT-1) .GE. 0) G
LCUUNT = LCOUNT - 1
JTIMELIO.LCOUNT) = 60-(€0%((DU-1
CALL NEGCSE (LCUUNT, TOsFILL,JTIME
LCUUNT = [=%3-2
JYIME(1U,LCOUNT)
ALUW(I0,LCUUNT )
54 G0 TQ 31

0
0.0

IC)

(IC)*COS(SuB)

1)) GU 10 33

00+60*((DU-1.)/10.)

1D)

(ID)I*COUS(SuB)

0 50
g 52

TU 33

1) GO 1O 31
00+60-(6C*((DU-11/10.))
0 10 31

« 17100
1 ALOW)

5U IF (FILR(IB) .LT. SUMH{IA)) GO 10 33

52 ALGW(IQsLCOUNT) = SUMH(TIA)

JTIME(IO,LCOUNT)=(1A-2)%100

LCUUNT = LCOUNT + 1
GuU Tao 31
33 CONTINUE
31 CUNTINUE
JI o= JJ o+ 24
9 CONTINUE
C““““““““t“““““*““"..“
2001 FURMAT (°* 1)
3000 FURMAT (0% 94Xy 12,TX92( 14y4X,FG.1
*¥2(1494X4F4s1,5X))
3002 FORMAT (*40 13X 1444X,F4,1)
3004 FURMAT (*¢9,30Xs1444X,F4.1)

D-4
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00022700
00022800
00022900
00023000
00025100
00023200
00023300
00023400
00023500
00023600
00Q23700
00023800
00023900
00024000
00024100
00024200
00024300
00024400
00024500
00024600
00024700
00024800
00024900
00025000
00025100
006025200
00025300
00025400
00025500
00025600
00025700
00025800
00025900
00026000
00026100
00026200
00026300
00026400
00026500
00026600
00026700
00026800
00026900
00027000
00027100
00027200
00027300
00027400

R N LTI

'SX).19X.2(Ié.4X.F4.1.5X).9X.

00027500
00027600
00027700
00027800
00027900




3006
3008
3010
3012
3014

FORMAT
FORMAT

FORMAT
FURMAT

(49, 117X, 1444X,F
('0',4X,12)

(040, STXy [494X,F4.1)
(94 374X, 1494X4F4.1)
FORHMAT ('+',100X,14y4X,F4.1)

4.1)

C ‘*“#ltt#"t‘tttttt‘t‘."‘t‘.“!‘.‘

I1DATE = 0

GU Tu (90.90'90.92,90'90.92.90

92 CALL VASET
DO 41 KA=1,93,3

IDATE = IDATE+1
IF (KA .EQ. 1) GO TO 70
IF (KA .EQ. 37) GO T0 70
IF (KA .EQ. 73) GO TO 70
GO TO 72
70 PRINT 560
CALL PRTHDG
72 1F (KA .GT. 84) GU TU 94

“““t.tttt!l'llt.“t‘t‘tttl‘t‘lt‘

©90+92,90,90,92,90), 11

00028000
00028100
G0028200
00028300
00028400

LEL TS Y
00028500 _&;

00028600

00028700 ¥
00028800 qr

0002890Q
00029000
00029100
00029200
00029300
00029400
00029500
00029600

PRINT 3000yIDAIE'ITlHE(l.KA).HlGH(l,KA),JTIHE(I'KAD.ALUH(l.KA)00029700

1 .lIIME(Z.KA).H[GH(Z.KA).JTIHE(Z.KA).ALOH(Z.KAI
1 .lTIMt(3,KAl,MlGH(}.KA).JYIHE(B.KAI.ALOH(3.KAI

96  PRINT 2001
IF (HIGH(1,KA+1).NE.OQ.O) PRINT 3002;]"”5(ltKAfl,ngGH(chA*l,
IF (ALOW(1,KA+1).NE.O.Q) PRINT 3GO«.JTIME(l.KA*l).ALOH(l.KAoli
IF (HIGH(2 yKA+1) .NE.0.0) PRINT 3006.ITIME(2.KA01).H!GH(2.KA01D
IF (ALON(Z,KAOI).NE.0.0) PRINT 3008,JTIME(2.KA+1)gALOH(Z'KAOI)
IF (HIGH(3,KA+1).NE.0.0O) PRINT 3010.ITIHE(3.KA+II.HIGH(3.KA01l
IF (ALUn(3,KA01).N£.0.0D PRINT 3012.JTIME(3.KA+1).ALOH(3,KA01)
PRINT 2001
IF (HIGH(1,KA42).NE.0.O) PRINT 3002.ITIHE(1'KA02).HIGH(l.KAtZ)
IF (ALOH(l.KA#Zl.NE.0.0) PRINT 3004,JT1HE(1,KA02).ALOH(1.KA02)
IF (HIGH(Z.KA*Z).NE.0.0) PRINT 3006,ITIME(Z.KAOZ).HlGH(Z.KA+2)
IF (ALOH(Z.KA*Z).NE.0.0) PRINT 3008.JTIME(2.KA*2I.ALOH(Z.KAOZ)
1F (HIGH(3.KA02).NE.0.0) PRINT 3010.ITIME(3'KA¢2).HIGH(3.KA02)
1F (ALOW(3,KA+2).NE.O.O) PRINT 3012.JTIHE(3,KA+2).ALOH(B,KAGZ)
GU 10 41

94  PRINT 3014, IDATE
IF (HIGH(1,KA ) «NE.O.O) PRINT 3002,ITIHE(l'KA).HIGH(l.KA)
IF (ALOW(]1.KA J.NE.O0.0) PRINT 3004,JTIHE(loKAl'ALOH(I'KA)
IF (HIGH(2,KA ) .NE.C.0) PRINT 30061ITIHE(Z:KA).HIGH(Z.KA)
IF (ALOW(2,KA ).NE.0O.O0) PRINT 3008.JTIHE(2.KAI.ALOH(2.KA)
IF (HIGH(3,KA ) eNE.0.0) PRINT 3010,ITIME(3.KA).HlGH(B.KA)
IF (ALUW(3,KA ).NE.O,0) PRINT 3012,JTIHE(3.KA).ALOH(B.KA)
GO Tu 96

41 CUNTINUE

90 KKK =0
10 = 10 + 1

5 CONTINUE

AR A A A AR A K ok R ok
999
sToe
END

t“t.‘t"#ttt“t‘#ttt“t“‘tt‘t“‘t“““‘

CONTINUE

00029800
00029900
00030000
00030100
00030200
00030300
00030400
00030500

00030600 |4

00030700
00030800
00030900
00031000
00031100
00031200
0G031300
00031400
00031500
00031600
00031700
00031860
00031900
00032600
00032100
00032200
00032300
00032400
00032500
00032600
LR 22
00032700
00032800
00032900
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SUBROUTINE NEGCSE (KLCO,100,FI,NGTME.HID) 00000100 D

COMMON /MONLMT/LMT 00000200
DIMENSION FI(10) 4NUTME(3,53),HIO(3,93) 00000300

KKK = Q
IKM=10D 00000400
IF (LMT .EQ. 1) IKM=IQC-1 00000500
KN=KLCO-1 O 00000600

112 IF (NOTME(IKMyKN) .NE. O) GO TC 110 00000700 A 7

KN=KN-1 00000800

KKK = KKK + 1
IF (KKK .EQ. 3) GU TG 110

GO TO 112 00000900
110 NOTME(IKM,KN+1)=2300+NOTME(IUD,KLCO} 00001000 4
HID(IKM,KN¢1)=HIDI10D,KLCO) 00001100 >
RETURN 00001200 i
END 00001300 \P_ o
SUBRUUTINE VASET 00001400 K .
CUMMON AHI(3,493) ,AL0(3,93) 00001500 5
DO 51 IK = 1,3 00001600 :
DO 51 IL = 1,93 00001700
IF (AHI (IK,IL) .EQ. 0.C) GO TO 70 00001800
IH = AHI (IK,IL) 00001900
H o= AHI (IK,IL) -1H 0000200C
IF (H «LT. 0) GO TO 80 00002100
AHI (IKyIL) = IH*0.5 00002200
IF (H +LTe.3) AHI (IK,IL) = IH 00002300
IF (H «GTea7) AHI (IK,IL) = IH+1 00002400
Gu 10 70 00002500 8
80 AHI(IK,IL) = IH- .5 00002600
IF (H .GT. =-.31 AHI(IK,IL) = IH 00002700
IF (H JLT. =.7) AHI(IK,IL) =IH-1 00002800
70 IF (ALU (IK,IL) .EQ. 0.0) GO TQ 51 00002900
IH = ALO (1K, IL) 00003000
H = AL2 (IK,IL) ~-IH 00003100
IF (H .LT. 0) GO TU 82 00003200
ALO (IK,IL) = [H+0.5 00003300
IF (H «LT..3) ALO (IK,IL) = IH 00003400
IF (H «GTe.7) ALU (IK,IL) = IH+1 00003500
Gu TO 51 00003600
82 ALO(IK,IL) = IH - .5 00003760
IF (H «GT. -.3) ALOCIK,IL) = IH 00003800
IF (H «LT. -.7) ALO(IK,IL) = IH - 1 00003900
51 CONTINUE 00004000
RETURN 00004100
END 00004200 %_
SUBRUUIINE PRTHUG 00004300 7
CUMMON  /CUNTKL/ IN 00004400
1G30 FURMAT (% ¢ ,3X,'DATE TIME HIGH TIME LOW®) 00004500
1032 FURMAT ("4*357K,* TIME HIGH TIME LUW®) 00004600
1034 FURMAT (%+%,100X,'TIME HIGH TIME LUW®y//7) 00004700
2000 FURMAT {'0',25K, ' JANUARY " ;36X *FEBRUARY® 437X, "MARCH® o/ /7 ) 00004800
2002 FURMAT (*0' 425Xy *APRIL? 440Xy *MAY ' 140X, * JUNE$ /77 ) 00004900
2004 FURMAT (70 426Xy ' JULY' 440X, *AUGUST* 435X, 'SEPTEMBER 3//7) 00005000
2006 FURMAT (025X, *UCTUBER® 435X, *NOVEMBER ® 35X, *DECEMBER* 4///) 00005100
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1.4 INTERMEDIATE WATERS NORTH OF NEW-GUINEA
by
H. ROTSCHI, C. COLIN, C. HENIN, C. OUDOT

Centre ORSTOM of Nouméa (New-Caledonia)

Abstract
The Cromuwell curvent gains its main hydrological properties north of New-
Guinea, in subsurface. There, the vertical distribution of oxygen at 154 E indicates that
three water masses participate to the formation of the subsurface waters located at a depth

greater than 200 m and with a thermosteric anomaly smaller than 300 clft.

South of the equator, with a core on the 160 clt surface, there is a poorly
oxygenated water with a concentration lower than 3.0 ml/l; its salinity varies between
35 .7°/° . and 34.90/0 o and it derives from the oxygen minimum formed off the Peru coast.
North of 2°N, a water, the salinity of which is lower than 34.60/”, has an oxygen
concentration smaller than 2.0 mijl; its core, on the 135 cllt isanosteric surface, is deeper
than that of the north Pacific intermediate - water which is locat;a’ on the 160-170 cl/t
isanosteric surface; it derives from the oxygen minimum formed off the novth and central
America coast. At the equator and between these two minima, « water relatively richer in
oxygen is found, it has an oxygen content greater than 3.4 mill, its salinity is close to

35 .Oo/o . and it originates in the Coral seq.

The oxygen distribution on the 160 cllt isanosteric surface, in the lower part

of the Cromwell current, on the 125 cljt surface in the oxygen minimum water of Central
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America and on the 100 clft surface near the core of the Antarctic intermediate water, is

highly influenced by the currents such as they were measured directly and computed from

the density distribution.

Figure 1

Introduction

Since the region of New-Guinea is the meeting place of the westward
currents and the zone of formation of the eastWard flows of the equatorial
Pacific, it Has a special importance on the Pacific dynamics and
hydrology. Cruises of the Ryofu-Maru (Masuzawa 1967, 1968, 1970,
Akamatsu and Sawara 1969) have studied it every year since 1967 along
the meridian 137 E and several Russian and Japanese cruises have been
devoted to its description. Nevertheless, the distribution and density of
observations between 140 E and 155 E was inadequate, to permit a good
and detailed understanding of the water masses, of their movements and
of the time variations which can occur due to the well known seasonal

changes in the surface circulation and in the meteorological conditions in

the western equatorial Pacific.

Two cruises of the N.O. CORIOLIS, reséf,arch vassel of the “Centre
ORSTOM de Nouméa NéW—Caledonia, FOC 1 (January-February 1971)

and FOC 2 (June—July 1971) hglve thus been devoted to the study of this
region (Fig. 1). They include four equatorial cross—sections, 180-300

miles spaced, with hydrological observations and current measurements

at étations.distant of 30 miles.

The water masses

Results of observations show that at subsurface, due to the presence

of waters of different origins (Masuzawa, op. cit.) and like what has been
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Figure 2

Figure 3

found at 170°E, further east (Rotschi e al., 1973), the hydrological struc-
ture is fairly complicated. This shows well on the salinity distribution

where the north Pacific intermediate low salinity water and the subtropical

south Pacific high salinity water are easily identified (Fig. 2), north of
2°N, between 200m and 300m and south :of‘ the equator at 200m respec-
tively. But because the oxygen content of the various sources of water

is more contrasted than . their salinity and nutrient salts content, the

hydrological structure is more clearly seen on the oxygen distribution

(F ig. 3) which can be used with success in the analysis of the different

water masses.

Former studies at 170 E (Colin and Rotschi 1970) having shown
that the water circulation below the surface layer, in the equatorial
region,is close to geostrophic, it appears justified to make an isentropic
analysis of the distribution of the most significant hydrol