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FOREWORD

Since the Intergovernmental Oceanographic Commission and the World
Meteorological Organization adopted the IGOSS General Plan and Implementation
Programme for Phase I in 1969, the routine international exchange of oceancgraphic
data within the framework of IGOSS has become a reality. The Pilot Project for the
Collection, Exchange and Bvaluation of Bathythermograph Data, which was the initial
operational phase of IGOSS has demonstrated that the provision of oceanographic o
services is feasible and beneficial. It must, however, be pointed out that not all ;:ﬂ
the concepts outlined in the General Plan have proven successful and that some
operational deficiencies still exist. Nevertheless, the success of the Pilot Project
has led to the conclusion that IGOUSS be designated operational while, of couree, =
further programme developments to strengthen and expand the system are being nndortahnny(_
This recommendation was approved by the I0C Executive Council and the WMO Executive ’7.;
Committee in 1975 at their fifth and twentiy-eeventh sessions, respectively. o

Reoognizing that developments in oceanographic services have ncctnuitat&& T
some changes in the scope of IGOSS, the Pourth Joint Session of the Working Commiftes
for 10088 and the Exescutive Committee Panal. of Bxperte on Motepralogicsl Aspests i
Ocean Affairs recommended preparation of this nev General Plan snd Inplmtation
Programsie. ' This plan dees not suggest major revisions in the scope or objectives of e
IG0SS but ie intended as ® guide for further development and ab At umuion of the o
manner in which partioipating nations wish IGOSE to develop. ¥he need for a segond.
General Plan incorporating new techniques and results of experience gained during Phese.I
was foreseen and called for in the General Plan and Impiementation Prograsme for Phase Ls:

During ite next phase, IGOSS will be improved and expanded byt +the . .
incorporation of oceanographic data gathered via satellites and buoys; the automation -
of shipboard observing techniquesj; the implementation of a synoptic analysis gnd. .
prediction system and the monitoring of marine pollutants. Yet a very basic problem,
the lack of an adequate bathythermograph data base, still faces IGOSS participants.

Lastly, it is important to re-emphasize the principle contained in the
General Plan and Implementation Programme for Phase I that "the ocean and -the
atmosphere should be observed and studied together because they continucusly affeot
each other in a number of important ways." This principle has been reinforced while
IGOSS has been developing and it is correct to expect IGOSS to contribute ligniricnntlr
to the solution of important problems being studied jointly by meteorologiste and
oceanographers, The Firat GARP Global Experiment and GARP sub-programmes require
oceanographic inputs and have identified IGOSS as a supporting programme. ‘Ocsanographic
experiments being oonducted under the auspices of the Long-Term and Expanded Programme
"of Oceanic Exploration and Research require meteorological data and servioes in e .
similar mgnner through the World Weather Watch and the Marine neteorologiiil Services
System of WMO. The concept that the Meteorological Services Bystem and IGOSS are
complementary and should thus be davsloped and operated together remaine a central
.theme of IGOSS. . :



The Integrated CGlcbal Ocean Station System (1GOSS)

Plan and Implementation Programme 1 -1982
INTRODUCTION
General
1. The Integrated Global Ocean Station System (IGOSS) is a joint I0C/WMO

operational service programme for the provision of information on the state of the
oceans., Through IGOSS, states are provided the means by which they may cooperate
multi-laterally in pursult of their efforts to improve oceanographie services to
various marine detivities and to support the scientific study of the oceans and the
atmosphere. When IGOSS is fully operational, participating states throughout the
world will be able to obtain: additional oceanographic data; synoptie and near-
real-time oceanographic analyses and predictions;  datae summaries; selected services
designed for special, perhaps limited area, applications; and technical support in
the operations of oceanographic service programmes. It . is understood that for
technical and perhaps financial reasons, full implementation of this plan might not
be achieved in some parts of the world during the period 1977-1982.

Purpose

2. " The need for oceanographic services and scientific study stems from mankinds'
continuously growing need for more food from the occeans and land alike and other
resources that may be .in or be under the sea, for improved maritime iransport, and
for better protection against hazards of the ocean and atmosphere. The availability
of food and water, basic essentials of life for man, is controlled to a large degree
by the natural and man-induced characteristice of the oceans. Long-term anomalies. in
the thermal structure nay induce climate changes that have adverse effects on—crope,
even to the extent of cau51ng droughts, GCurrents may maander, ﬂaking vital fish

out of the reach of man's fleets and relied upon upwellings and the associated good
harvests may not appear. Growing marine pollution affects richness and quality of
living resources and may alter exchanges of energy an& atter between the ocean and
atmosphere and, hence, the stability of the climats.’ Bnergy, apother essential need
of modern man in short supply, must be Sonserved and new sources discovered or
developed. The oceans are highwsys on which goods must be transported safely and
over the most economical route: least fuel consuring in this case. Ocean ocurrent
and wave observations and forecasts are nﬂeded for this purpose. ' Improved data from
ocean areas Would contribute to the devalﬁpﬁent of forecasting techniques concerning
tropical storms. In addition, more information soncerning near-surface ocoean
conditions is necessary to allow improved weather forecasting models to be developad.‘
The IGOSS programme should be éxpanded appropriately by nations to meet tho data and -
product services required to satisfy these and other needs.

3. _ Some of the needs for operational mohitoring and prediction services, the
brimary role of IGOSS, were cited briefly in %ﬁe previous paragraph A comment on
the potential of nations to provide oceanograpﬁic gervices is’ necessary at the outsget
of this plan as, in some respects, capabilities are limited. A full understanding of
the physical processes involved and the development of models to describe and predict
the oceanographic and atmospheric environment have not yet been’ achieved. It is



8till not clear what avenues must be followed to correct this situation but several
scientific activities to which IGOSS may contribute and benefit from should be
undertaken. IGOSS, through its observation programme can contribute surface and
sub-surface data, particularly from bathythermographs, at fixed locations and along
standard tracks as part of the-global.monitoring programme. Further, processed:

.data and’g1§bal and specialized analyses could be provided through the IGOSS Data
Processing and Services System (IDPSS). o

Principles
4. The principles for the development of IGOSS stipuiated in the General

Plan and Implementétion Programme for Phase I are as relevant for the period
1977-1982 as they were for Phase 1. They, along with additional principles, are as

follows:

i. IGOSS should be a global oceanic system and consist of national
facilities and services provided largely by the participating
Member States themselves with co-ordination and support from
I0C and WMO and other international and regional organizations.

ii. IGOSS, to be effective, should be a co-ordinated system responsive
to the operational and research requirements agreed upon among the
participating nations and should utilize the most modern
observing, communication and processing technology available.

iii. IGOSS should be a dynamic system, flexible enough to be adapted
to scientific and technical advances.

iv. IGOSS should be planned and operated closely with the World
Weather Watch (WWW), and Marine Meteorological Services System (MMSS)
of WMO. ‘ : :

v. IGOSS should be capable of providing support to co-operative
investigations and scientific experiments through the provision o6f
data and prod@th'derived from these data.

vi, All types of IGOSS observations, their accuracy, frequency, technical
characteristics, means of telecommunication, reporting codes, and
methods of data exchange and storage should be standardized and
uniform. ’ e

vii. IGOSS should be used only for peaceful purposes, due account being
taken of the national sovereignty and security of States, in
accordance with the provisions of the Charter of the United Nations.

Expected Benefits

5. The need for information about the ocean environment goes beyond the
oceanographic community., Scientific and industrial institutions, as well as
government, public, and private interests concerned with maritime policy and
economic development need information to achieve practical goals. The following
1ist indicates areas of interest which could benefit from information made available
through IGOSS programmes which provide data and/or analyses and forecasts of



surface,
currents,
anomalies.

ii.

iii.

iv.

vi.

vii.

viii.

izx.

Elements of

sub-surface and bottom water temperature,
tides and tidal streams,

salinity, surface and sub-surface

storm surges, tsunamis and other water level

Fisheries including mariculture - for improved efficiency,
exploitation and management.

Shipping, safety of navigation, routeing and cargo care.
Ocean and offshore engineering - improved efficiency, design,
planning and management, exploitation of mineral resources,

protection and safety.

Meteorological Services - improved short-and 1ong—term weather
forecasts.

Sea ice and iceberg prediction services - formation and breakup,
movement and decay.

Pollution abatement and control - protection of living resources
and man, effluent and waste disposal, distribution and transport
of pollutants.

Recreation - planning, navigation, safety and protection.

Search and rescue operations.

Harbour control - scheduling, management and design, protection
and safety.

Support of oceanographic and meteorological research, undertaken in
national and international programmes.

IGOSS -

6. The basic elements of IGOSS are:

(1)

(ii)

(1;1)

The IGOSS Observing System QIOS! consists af various facilities

for obtaining oceanographic and marine meteorological observations
at sea from ships, buoys, satellites and other platforms with the
support of the Global Observing System of the World Weather Watch.

The IGOSS Data Processing and Services System QIDPSS! consists of

national, specialized and world oceanographic centres for the processing
of the required observational data and preparation of required

products (oceanographic analyses and forecasts) and provision of services
to various marine user groups.

The IGOSS Telecommunication Arrangements - the use of the WWW Global
Telecommunication System, satellite relay or interrogation links or
other newly developed facilities and techniques for collection and
distribution of the required observational data from oceanie
observational platforms as well as for exchange and distribution of
processed information.
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(iv) The IGOSS Data Archiving and Exchange éxstem - The use of existing
mechanisms and channels for international oceanographic data

exchange, consisting of *World Data Centres (Oceanography) (WDC),
Regional Oceanographic Data Centres (RODCs), National Oceanographic
Data Centres (NODCs), Designated National Agencies (DNA), and IGOSS
Responsible National Oceanographic Data Centres (IRNODCs) in order

to ensure preservation of observational data and _IGOSS' products

and their provision to users on national and international levels.
Development of archiving and exchange procedures for oceanographic data
including IGOSS data are the responsibility of IOC Working Committee
for International Oceanographic Data Exchange.

7. In addition to the basic elements mentioned above, IGOSS has embarked
on the following programmes:

(i) The IGOSS Marine Pollution Monitoring Programme - Established as
a function of IGOSS and to be co-ordinated with IOC WC for GIPME.
It is to comprise regular observations of selected pollutants as
well as relevant oceanographic and meteorological parameters. The
development should be carried out through progressive integration
of national and regional pollution monitoring programmes and by
launching pilot studies and projects dealing with monitoring of
selected pollutants in certain oceanic areas.

(4i) IGOSS Education and Training Programme - To enable developing
countries to participate actively in IGOSS, considerable attention
of relevant IOC and WMO bodies, in particular the IOC WC on TEMA
and WMO EC Panel on Education and Training should be directed to
the subject of education and training for IGOSS purposes. The
fields of synoptic oceanography, marine pollution monitoring,
oceanographic observations, data processing and archiving and
application of products and services should be emphasized. 1In
‘addition, studies are in hand with a view to developing an ocean
current programme.

8. As well ag the programme elements listed above, research is needed in

order to ensure a sound scientific basis for the development of IGOSS. Studies are
needed in areas such as: modelling of the general circulation of the ocean; studies
of the ocean variability; and air/sea interaction. These studies should be conducted
by scientists and research laboratories of the participating countries and within the
framework of intemational scientific programmes when appropriate. Support for research
may be provided through IGOSS in the form of data and products. :

Review of the Programme Developments (1969-1975)

9. The initial operational programme of IGOSS, the Pilot Project for the
Collection and Exchange of Bathythermograph Data (BATHY Pilot Project) has been
carried out successfully since January 1972. A4n average of 1,550 reports were
exchanged via the GTS monthly during 1973 with 1,250 per month in 1974. BEvaluations

¥ PFor definitions of functions refer to IOC Manuals and Guides No.l -
Manual on IGOSS Data Archiving and Exchange.



of the BATHY ' 'Pilot Project were made in 1973 and 1974. In 1975 the I0OC Executive
Council and WMO Executive Committee approved the conversion. of the Pilot Project
into an operational programme. The following deficiencies were identified during
the Pilot Project that must be overcome during the next phase of IGOSS:

(1) relatively few Member States participated;
(2) +the amount of data made available by participants was limited; and,

(3) a considerable amount of data were lost at various stages of data
relay and transmission.

10. Operational instructions required for participation in IGOSS are contained
in the following Manuals and Guides:

- Manual on IGOSS Data Archiving and Exchange (IOC Manuals and
Guides No.l)

~ Guide to Operational Procedures for Collection and Exchange
of Oceanographic Data (BATHY and TESAC) (IOC Manuals and
Guides No.3)

- Guide to Oceanographic and Marine Meteorological Instruments
and Observing Practices (IOC Manuals and Guides No.4)

11. A second operational programme, the Pilot Project on Marine Pollution
Monitoring was launched in 1975. This initial IGOSS marine pollution project is an
internationally co-ordinated programme for monitoring petroleum-derived oils. An
operational plan, containing a description of procedures for sample collection,
preservation and analyses was prepared. This plan was accepted as a basis for the
development of the Joint IOC/WMO/UNEP Pilot Project on Baseline Studies and Monitoring
of 0il and petroleum hydrocarbons in the Mediterranean, which is considered as a
substantial input to the IGOSS Pilot Project on Marine Pollution Monitoring. Upon
the initiative of UNEP, a study of the feasibility of a programme for monitoring
background levels of selected pollutants in open ocean waters was undertaken by
consultants appointed by UNEP, WMO and IOC. This study showed that such a programme
can be initiated in 1976, as a pilot phase in the Atlantic Ocean.

12, A plan for the IDP3S has been developed the purpose of which is to make
available to specialized and national oceanographic centres basic processed
observational data and analyses and forecasts for real-time and near-real-time
applications. Studies have been made on the design and development of the IGOSS
Observing System. As a result of these studies a proposal was made for the
"establishment of an IGOSS Basic Observational Network (IBON). The IDPSS and IBON
concepts are incorporated in this general plan and implementation programme for
1977-1982., Other studies and reviews have been undertaken on the development of new
ocean data acquisition systems, user applications of oceanographic products and
services, an ocean current observation programme, telecommunication aspects of IGOSS
and the provision of support for GARP experiments.

Recent Developments

13. The success of satellites to provide seé surface obsgervations as well as
their potential for communicating data from platforms at sea to processing centres
must be considered as an important development. BEven though the use of satellites



has not been incorporated in IGOSS as yet, expert groups have studied their use in
conjunction with the development of automated data acquisition and transmission
devices and the development of environmental analysis and predictioh routines.

14. Planning bodies are now considering the role IGOSS may play in helping to
solve the critical world problems concerning foocd and energy. One role will be to
contribute to the global monitoring systems for specifying the present climate for
introduction into realistic models used to compute the future climate and to verify
the predictions made in the recent past. Current observations in certain significant
areas and predictions are needed for search and rescue operations, navigation and ship
routeing. The IGOSS ocean current monitoring project which may be initiated on a
pilot basis in the 1977-82 period stems from the growing need for operational ocean
current information.

15. The Global Atmospheric Research Programme has already contributed to a
clearer understanding of the need for coupled air/ocean models and related monitoring.
Continued co-operation between IGOSS and GARP will be mutually beneficial.

16. A significant event affecting IGOSS development was the United Nations
Conference on the Human Environment held in Stockholm in June 1972, The action plan
drawn up in Stockholm and approved by the UN in Resolution 90, called upon the

"I0OC, Jointly with WMO and, as appropriate, in co-operation with other interested
intergovernmental bodies, (to) promote the monitoring of marine pollution, preferably
within the framework of IGOSS." The IGOSS Marine Pollution Monitoring Pilot Project
is the first operational response of the IOC and WMO to this resolution.

Need for Further Systems Development

17. An efficient global oceanographic service programme encompassing observational,
telecommunications, data processing, product formulation and dissemination and data
storage and retrieval elements is a vast undertaking that could only be considered if
multi-national interest exists. The usefulness of an oceanographic service will be

only realized when: adequate amounts of data become available; the ocean and

air/ocean dynamics are better understood; the system is able to overcome techmnological
restraints in response to user needs and, in addition, adequate resources are made
available by participating nations. The state of IGOSS development relative to the
optimum service is such that:

(i) Data collection for synoptic purposes has only reached the
10-20 per cent level of foreseen requirements. For this
resson, ships must be used to a far greater extent to
measure surface and sub-surface variables and development
must be accelerated on data acquisition devices such as
buoys, satellites and radars. Sensing and transmitting
oceanic parameters from these should be through automatic
means whenever possible.,

(ii) A general shortcoming exists in most oceanographic prediction
techniques in that a basic understanding of the physical
processes. involved is usually lacking. Studies and experiments
must be directed at the understanding of oceanic mechanisms
and their interaction through a range of time and space scales
before oceanic prediction is attempted:

(iii) Many of the innovations that will lead to a sophisticated service
system have been identified. Further study and development will
be required to take advantage of modern technology and techniques.



(iv) The long-term trend in the levels of pollutants in the world's

: oceans can be assessed only by measurements carried out over a
period of many years of sites that are not directly influenced
by inputs from the mainland or by ocean dumping activities. At
present, information about the nature of open ocean water pollution
is limited. Furthermore, because of different analytical methods
that have been applied so far without thorough intercalibration,
it is difficult to compare all the published data.

RELATION OF IGOSS TO OTHER INTERNATIONAL PROGRAMMES AND ORGANIZATIONS

World Weather Watch

18. The IGOSS will continue to use extemsively facilities of the World Weather
Watch and should therefore be developed in close relation with the implementation of
the World Weather Watch. The essential elemerits of the World Weather Watch are:

i. The observation networks and other observational facilities,
called the Global Observing System (GOS),

ii. The meteorological centres and the arrangements for the
processing of the observational data for the storage and
retrieval of data, called the Global Data-Processing
System (GDPS), and .

iii. The telecommunication facilities and arrangements necessary -
T for the rapid exchange of the observations and of the '
processed data, called the Global Telecommunication System (cTs).

19. GOS con51sts of the surface-based sub-system and space-based sub-system..“

The surface-based sub-system includes such platforms as fixed sea stations, mobile -

ship stations and automatic marine stations, Fixed sea stations (stationary ship
"stations and fixed and anchored platforms) provide essential and detailed
meteorological and oceanographic data from critical locations in ocean areas, where
- more economical means are not available. Mobile shlp stations, known commonly as

WMO voluntary observing ships, have been uged for taking ‘bathythermograph

observations for IGOSS. Progress has been made in the development and deployment of ,
_ buoys which take and transmit marine meteorological and some océanographic observations.
Mobile and fixed observation platforms méntioned above constitute part of the six WMO
regional basic synoptic networks which:in their aggregate form the global basic
network. -Meteorological satellites under the space-based sub-system of GOS are

divided into two groups, those in near-polar orbits and those in geostatlonary

orbits. They prov1de observations of, amongst other things, temperatures of the

sea, snow and ice cover. One of the. 1mportant features of. méteorological

satellites is their capability to eollect and’ relay environmental ‘data sensed by

a variety of ocean platforms both: stationary and non—stationary.

20 . ' GTS prmndes “the: telecommunlcatlons f3011it1es and arrangements for the
rapid and reliable collectlon, exchange dmd -distribution of observational data and
‘processed information. IGOSS will depend on GTS for the international exchange of
oceanographic data and processed information. Where the processing of data



exchanged under IGOSS is closely linked with the proeesslng of data exchanged under
WWW, international co-ordination is needed between the data processing component of
IGOSsS (i e. IDPSS) and the corresponding component of WWW (1 e. GDPS)

Marine Meteorological‘Services sttem-

21. The Marine Meteorologlcal Services System (MMSS) prov1des, to the extent
possible, marine meteorological and other related geophysical information for all
shipping routes, fishing areds and areas of other marine activities. Activities
undertaken under the MMSS are closely linked with the oceanographic analysis and
prédiction services developed under IGOSS, namely the IDPSS. The further
development of the IDPSS should be undertaken in close co-ordination with the MMSS to
ensure the rational use of resources available and to avoid duplication of efforts.

Long-term and Expanded Programme of Oceanic Exploration and Research International -

Decade Ocean Exploration 19 LEPOR/TIDOE

22. The purpose of LEPOR/IDOE is “to increase knowledge of the ocean, its
contents and the contents of its subsoil and its interfaces with the land, the
atmosphere and the ocean floor and to improve understanding of processes operating in
or affecting the marine environment, with the goal of enhanced utilizations of the
ocean and its resources for the benefit of mankind". The results of some of the
research programmes under the auspices of LEPOR/IDOE will have immediate use within
IGOSS and other oceanographic service programmes. As understanding of the ocean is
advanced, so can monitoring and prediction systems be advanced: important scales
and processes can be monitored and accounted for in prediction models, It is the
responsibility of those developing services, including IG0SS, to identify for the
LEPOR/IDOE participants the research that is required to improve that service.

23. The data obtained during LEPOR/IDOE experiments, if relayed to IGOSS
oceanographic centres in real-time, may be used in generating products already on-
line. Data and products can be provided through IGOSS to researchers as well as o
supplement their data collection Programmes.

Global Atmospheric Research Programme

24. GARP is a joint WMO/ICSU (International Council of Scientific Unions)
programme for studying those physical processes of the atmosphere that are essentlal
for an understanding of the large-~scale fluctuations which control changes of weather,
and a better understanding of the physical basis of climate. In order to develop

the necessary understanding, certain programmes and sub-programmes, essentially
international in character, and of a theoretical and experimental nature, have been
formulated. They deal with specific physical and dynamical processes, either of a
global or regional character. Within the several sub-programmes experiments have
been designed to determine the behaviour of the whole atmosphere or some part of it,
relevant to the particular sub-programme.

25. Synoptic oceanographic data and analyses are required for determining boundary
conditions for operational medium-range weather prediction models aud in research as
one of the factors in assessing the feasibility of longer-range weather and climate
predictions. Scientific experiments dealing with ocean-atmosphere interaction require
data on sea surface and sub-surface temperature, water density and where possible,
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ocean currents. The scale in which these data are required is determined by the
experiment and arrangements, therefore, include the establishment of a suitable
network of observations in the area of the experiment. Members should endeavour to
arrange for such a permanent and global network of sea surface and sub-surface
temperatures, water density and ocean current observations by 1978, when major
scientific experiments under GARP will be conducted.

26. The First GARP Global Experiment (FGGE) is the main observational part of
the GARP Global Sub-programme and is concerned with the large-scale dynamics of the
atmosphere, the central theme of GARP. It is an effort to provide a world-wide
test of how well existing models of the earth's atmosphere can simulate the present
climate. The Observational Phase of FGGE consists of a Build-up Year from September
1977 to August 1978 and an Operational Year from September 1978 to August 1979,
including two Special Observing Periods of intensive data collection, each of two
months duration. The data management plan for the FPirst GARP Global Experiment
(FGGE) includes BATHY and TESAC as special observing systems. IGOSS

participants have been called upon to increase their observation frequency during
FGGE and to support specific GARP sub-programmes such as MONEX.

The Global Environmental Monitoring System (GEMS!

27. Several programmes and studies on marine pollution monitoring undertaken
within the framework of IG0OSS have been recognized by UNEP as an essential
contribution to GEMS and are being developed in co-ordination and with the

support of UNEP. This includes: Pilot Project on Marine Pollution (petroleum)
Monitoring, Joint IOC/WMO/UNEP Co-ordinated Pilot Project on Baseline Studies and
Monitoring of 0il and Petroleum Hydrocarbons in the Mediterranean and the preparation
of the programme for monitoring background levels of selected pollutants in open
ocean waters.

28. GEMS is a major step in the evolution of Earthwatch - a major functional task
of the United Nations Environment Programme (UNEP). The goals to be aghieved through
the functioning of GEMS include, inter alia: . :

(1) An assessment of global atmospheric pollution and its impact
on climate;

(ii) An gesessment of the extent and distribution of contaminants
in biological systems, particularly food chains;

(iii) An assessment of the state of ocean pollution and its impact
.on marine ecosystems;

(iv) An improved international system allowing the monitoring of
1the factors.necessary for the understanding and forecaating
of disasters and the implementation of efficient warning
. Byatems. , : .

29. The Governing Council of UNEthas &ecided to:

(a) Include ocean baseline stations, analogous- to the atmospheric
baseline stations, which could take the formn of island stations,
data buoys or ships of opportunity;

(b) Asgist in the expansion of the Integrated Global Ocean Station
System to ‘include other pollutants in addition to petroleum
hydrocarbons;
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(¢) ~ Support education and training efforts that should enhance
the participation of developing nations and thus improve
the overall effectiveness of the ocean programme.

Food and Agriculture Organization of the United Nations

"30. Bvents in the upper zone of the ocean in any area of the world may have

some influence on living resources in that area. In this sense, any information

that can be collected under IG0SS as to the physical, chemical and biological
characteristics of the upper zone may have some relevance to research on marine living
resources. But oceanographic factors affecting the abundance and distribution of
living resources are different from area to area, from situation to situation and

from resource to resource. TFor example, temperature is one of the factors determining
the distribution of fish; a sharp temperature boundary often constitutes a barrier

to fish distribution and movement. Similarly, the extent and intensity of coastal
upwelling appear very important, although it is not known exactly how this affects the
abundance of fish. Surface currents often affect the distribution and survival of eggs
and larvae. The survival rate in the early stages of development of fish is, to a
greater or lesser extent, determined by the availability of the right kind of food at
the right time,

31. FAO will attempt to identify the fishery requirements for IGOSS products
based on which, and within the IGOSS programme, a "pilot project"™ will be developed
for a specific region and fishery. The experience gained during the pilot project

. phase will contribute to our understanding of the ways in which environmental factors
may affect fisheries' operations. Based on the results, IGOSS services can then be
developed progressively to meet the requirements of fisheries on a regional and global
hasis.

Scientific Committee on Oceanic Research

32, The Scientific Committee on Oceanic Research (SCOR) of the International .
Council of Scientific Unions (ICSU) co-ordinates research and conducts studies which
are directly related to IGOSS. For example, SCOR working groups have been formed to
work on: Internal Dynamics of the Ocean; Oceanographic programmes during FGGE;

the influence of the ocean on climate (with IAPSO); mathematical modelling of oceanic
processes (with IAPSO); and coastal upwelling processes. As needs arise within

IGOSS for oceanographic studies, SCOR should be called upon to assist in IGOSS
development. .

International Council for the Exploration of the Sea

33, The International Council for the Exploration of the Sea (ICES) is both a
supporting and user organization of IG0SS., Members of ICES have provided data and
participated in a pilot project for thermal structure analysis (OVERFLOW 73) for the
north-east Atlantic. The Service Hydrographique of ICES is a permanent Regional
Oceanographic Data Centre co-operating in the IGOSS Data Archival and Exchange
Programme. The research projects conducted under the auspices of ICES have similar
relationships to IGOSS as that of the LEPOR/IDOE programme.
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. OBSERVING SYSTEM

Purpose and Principles

34, The purpose of the IG03S observing system is to provide partiocipating
nations with marine environmental data required for operational and research purposes,
Ite facilities may be umed in support of othsr IDC/WMO or international programmes,
providing that such utilisation would not be aotrinontul to aohioving thﬂ primary
.purpose of -the IGOSS observing syatem. . -

35, L The 1G0S3 obaltving systen eln bo sonuid-rod sl an ingortant qontribution
to the United Nations Global Environmental Monitoring System (cEMB), as 1% will provide
information on a regular basis for assesssent of the state of the oncean and ite effect
on weathcr and climntﬁ, an well as for intcrrzetttiou of pollntinn,naniturinc dsta.,~”

bsgrv;tiong;’natg negg;;enents

36. Ae for Phase I of IG0SsS, the prinszy data raquirementn will be for ocean
thermal structure and salinity data. During 1973, approximstely 17.000 BT reports
were exchanged within the framework of the I00SS BATHY pilot project, while during
the same period,in addition,the World Dats Centre A (Oceanography) received 56.083
observations from oeeanographic stations (temperature and salinity). This indicates
great potential for increasing the amount of ocean temperature data to, be exchanged
on a synoptic basis,

37. While the BATHY pilot project demonstrated that the IGOSS observing system
ip a viable one, it also revealed that meaningful oceanographic analyses and
predictions could not be prepared unless the present level of the availability of
ocean temperature data 1s significantly up-graded. Estimates of the BATHY data which
would enable nations to produce meaningful sub-surface analyses have been made and are
given in the table on page 12.

38. One of the main uses of IGOSS data will be as input to ocean/atmosphere
numerical models. For this purpose, the thermal etructure in the upper 500 m will

— be required. Real-time surface current information is also of great importance and
a significant improvement in sea surface current observations should be made.

Network Design and Observational Sirategies

39. Observational strategy in IGOSS aims to employ the most suitable techniques
and ensure that the frequency of sampling (time and space) is optimum, taking
cognizance of the way in which the observations are to be used. Information needed
to formulate 'an observational strategy for a particular parameter is as follows:

(1) A knowledge of the variability (time and space) of the
Parameter;

(ii) Present, and likely future methods of measurements of the
Parameter;
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ESTIMATED BATHY REQUIREMENTS FOR PREPARATION

OF MEANINGFUL SUBSURFACE ANALYSES

Approximate Approximate Daily Minimum Monthly
No. of No. of Observing Observations Observations Required

AREA Water Masses Points Required - (Best Distribution)
" North Atlantic 14 56 112 3,360

Ocean

South Atlantic 10 . 30 60 1,800

Ocean

Mediterranean 2 8 16 480

Sea

North Pacific 18 70 140 4,200

Ocean

South Pacific 12 36 72 2,160

Ocean ’
" North Indian 7 21 42 1,260

Ocean

South Indian -8 ' 24 48 1,440

Ocean

TOTAL 7 215 490 14,700
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(iii) The uses or purposes of the observations;

(iv) 1Instrumental accuracies.

At present there is not sufficient information available under any of the above
headings. The most important lack is under item (1). In addition, it is emphasized
that the relative costs of different methode of measurement will become an important
‘factor in observational strategy as the IGOSS system develops in scope and complexity.
Overall efficiency and economy will become of increaaing importance as total cost
increases. ‘ \

40. . ‘Network design can be considered as part of the overall problem of ' ‘
formulating an observational strategy. Network deaign can be interpreted broadly as
determining ‘the real density of observing stations and the frequency of observations
at each station that are in some sense adequate:. Stations need not be geographically
fixed. A question may arise as to whether drifting buoys or moored buoys will be more
effective for measuring the temperature structure of the upper ocean, If a statistioal:
model for the temperature structure of the mixed layer can be formulated for different:
regione from available data, a network design approach providee a method for
determining the optimum choice.

41.. The problem. of network design has been approached in : number of different
ways. An approach developed mainly by meteorologisis starts from the statistics of
the parameter and seeks to estimate the accuracy with which the value of that parameter
can be interpolated at a fixed grid point in relation to (i) accuracy of observation
and (ii) spacing of observations. This approach has been used in the Planning of the
Mid-Ocean Dynamics Experiment (POLYMODE) and the North Pacific Experiment (NORPAX). A4
knowledge of time and space scales, as given for example by the appropriate correlation
funetions or structure functions, is essential in the application of this approach to
network analysis.

42, A second and more direct approach 1s to divide the region of interest into
sub-regions, based on accumulated knowledge of the water masses in the area. At

least three sampling stations should then be located in each sub-region. Samples from
these stations, if their positions are not co~linear, allow some estimate of zonal

and meridional gradients in each area. With this approach, the guestion of how

often samples should be taken must be answered separately, usually on the basis of
experience or feamibility.

43, The primary source of vertical thermal structure-data during the
implementation period 1977-1982 will be from BT's or XBT's ueed aboard research
vessels and voluntary observing ships. To improve the synoptic BT and XBT data
coverage, it will he necemsary to develop instrument packages that digitize the data .
and transmit them automatically by satellite.

4. . The present methods for determining sea surface currents from ships' set

rely on the comparison of observed position fixes with deduced positions made by
integration of ‘the ship's motion through the water from a single component log. This»
method has ‘severe limitations and further efforts are required to develop auitable
refined techniques for the measurement of surface currents, ,

45, The‘priorities for the next phase of work on observational strﬁtégy in
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IGOSS are:s

(1) the determination of statistical parameters for the more

o important properties of the ocean for many different areas,
for example, structure functions or the closely related
spectra for SST and heat content of the upper layers from
existing data as well as from planned research projects;

(i1) the design of sutomatic data gathering packages capable of
transmitting data via satellite and their installation on
shipe. The most important data to be gathered and transmitted
in this way relates to the structure in the upper 500 m.

Parametére 1o be Obéerved

46. (a) The parameters to be observed in the IGOSS observing system with
priority for implementation during the period 1977-1982 are listed belows

(i) Primary parameters: surface and sub-surface sea temperature
surface and sub-surface salinity
wind waves and swell
surface and sub-surface currents
water level anomalies

(ii) Necessary wind epeed and direction
complementary atmospheric pressure
parameters: air temperature

dew point

ice cover and icebergs
solar radiation (if instrumented)

(b) For special projects, such as those relating to chemicals, pollutants,
nutrients and the primary productivity cycle, the parameters to be measured will be
determined as part of the programme.

IG0SS Basiec Observational Network

Purpose_and Concept

47 The IGOSS Basic Observational Network (IBON) is established within the
framework of the IGOSS Observing System and is intended to act as the major component
of this system during the implementation period 1977-1982. It should be considered
to be the minimum useful network in terms of the density and accuracy of observations
(see paragraph 53).

48. IBON will provide surface and sub-surface data for analysis and prediction

of ocean conditions on a world-wide basis. It will also satisfy some of the WMO/WWW
requirement for sea-surface observations as specified in the WWW Plan and Implementation
Programme 1976-1979, and will provide oceanographic data required by GARP to
continuously update information concerning sea surface temperature and sea ice.

49. The immediate objective is to obtain a minimum set of surface and sub-surface
temperature data to the upper 500 m of the ocean on a regular basis with time and
space scales necessary to define the major features of the world oceans and to

support synoptic meteorology. Special attention will be given to providing support
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to FGGE. IBON will later be expanded to include the measurement .of other parameters
as measuring techniques, instruments and resources become available.

getwork of Stations

50. The chart on page 16 shews the required minimum distribution and density of
observations believed to be necessary to define the major characteristics of the
world's oceans. Approximate boundaries of the major water masses and the number of
sampling points within each area are shown in figures as well, The positione of the
sampling stations need not be geographically fixed, but ahould be distributed
throughout each area and should not be co-linear. A recommended distribution is
shown by the dots on the chart. A minimum coverage ‘would be obtained by meklng one
sounding per day at each station. "

bl. © It is recognized that in thelight of later data 'analysis, such an initial -
coverage may prove to be inadequate for some tasks. The statistical analysis of data
will reveal the importance of megoscale features and the design of the observing
system may be modified accordingly. As a means of obtaining data on scales smaller
than those indicated in the chart on page 16 and in order to provide spatial
statistics on these smaller scales, it is recommended that wherever possible the
basic system should be supplemented by more closely spaced observations. Some areas
may already be identified as meriting additional emphasis. These are:

(i) where linkage mechanisms w1th the atmosphere have been

shown to be 1mportant- :

(ii) Hansen's 1nf1uence pointe; *
(iii) where present obeervational deneity ie low;

4iv) in regions of etrong currénts and strong horizontal thermal : .
; gradients. _ » . . S :@

52s A target rate of progress of 1mplementation of the neoeesnry*coveragannf '
ie shown in the table belows :

e % of desired coverage .-} % ot deeired coverage
Time . attained overall .1 ° attalned in“various
- k\ocemn areas

e

‘Present ‘ 10 7 ) » 3_2_&5
| Before FGGE .1 200 & | T 6-50- .
" - u A TR {ii}fl{-.,.,,;t" e x ‘ . Y o

. &
»

* 'Reference: HANSEN, W. Uber den Entwurf OZeanographlscher Stationssysteme.
' Mittwil. Inst Meereekunde, Unlv. Hamburg, No. 13, 1970.'
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53. It is essential that ‘the measurements should be made with sufficient
accuracy to make them operationally useful but with due account for the increased
cost needed to attain high accuracy. An indication of the useful degrees of
accuracy of three essential parameters is given below. Values indicated are
representative on a scale of about 50 km.

Desirable for Optimum Accufacy
Marginally Water Mass Needed to
i Useful Analysis Implement IBON
Sea Surface - 3% - 0.5% | - 0.25%
Temperature ' .
Mixed Layer 20 m or 10% - 10m ; 5m
“Depth ‘ whichever is ' i
’ larger
. Temperature 2°¢/100. m or 1°c/100.m or : 5%
Gradient below | 20% whichever 20% whichever
Mixed Layer is larger is larger
QEészzetier_@l_E}aifezee
54. The following ocean data acqui31tion platforms aro con51dered as easentiai

during the period 1977-1982:3 .
(a) oceanographic and meteorological research ships;
%1 - (b)v’ocean weather ships- o
‘if(c) WMQ voluntary observ1ng ships and ships Qf opportunity, §
(d) ‘OGean data buoys, ‘ Y

iy - et . . . . ot o

(e} coastal and island stations' S R Cen

(£) satellites and aircraft. "

55. Oceanographie and meteorological researchvships are the most reliable data
source for ocean parameters required in the IGOSS observing systems. It is of
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particular importance that during the implementation perlod 1977-1982 partleipating
nations endeavour to have. as many as possible sea temperature and salinity observations
taken aboard their ships and transmitted on. a real-time basis. Reports from résearch
ships participating in scientific experiments and special oceanographic investigation
will greatly contribute to the improvement of .the data coverage of the IGOSS observxng

system, . - D T2

Qgean Weather Ships

56. Oceanographic observations are carried out aboard most of the presently-
operated ocean weather ships. WMO Members concerned are encouraged to

continue these observatidna and arrange for sea temperature and salinity observatlons
to be transmitted 6n a real-time basis..

WMO Voluntary Obgerving Ships .and Shipe of: OBBortunltx

57 " WMO voluntary observing shlps and ships of opportunity will remain a -
primary source of sea temperature data throughout the implementation period 1977 1982.
Therefore it is important that Member States meke every effort to increase the number
of observing ships carrying out sea tenperature observations. 1In recruiting such
ships, acocount should be taken of the areas or routes on which the ships are normally
.Plying in relation to the proposed IBON reference network of stations.

Qgeaﬁ Data Buoys

58. The use of moored and free drifting buoys as synoptic oceanographic data
acquisition platforms is certainly feasible and will soon offer the potential to
expand the data base of the IGOSS obeerving system. Buoys have been undergoing tests
- for years in several countries. Moored buoys may provide useful data and they can be
Placed in remote areas, outaside of shipping lanes where it is not practical to divert
-merchant ships and for which data are needed for analysis and prediction purposes.
Bfforts should be cantinued %o develop . and deploy operational ocean data buoys.

59. Drifting buoys, while not capable of accommodatlng the full range of
observations that can be obtained from moored buoys, may, for the near future (5 to

10 years), become a useful form of buoy system to deploy. PFirstly, they are relatively
cheap to purchase. Secondly, they are expendable, thereby not requiring maintenance
visits. Thirdly, their sensing packages are uncomplicated, within the state of the
art. Fourthly, they can be launched with limited training-and facilities. Drifting
buoys have, however, more complex communication problems because buoy locations

must also be calculated. Drifting buoys are being considered for use in FGGE as one

of the special observing syetems, particularly for southern circumpolar waters where
clouds persist and surface conditions cannot be often sensed by satellite, . The -
resultes of the FGGE will provide an indication on the usefulness and feasibility of
drifting buoys for operational use in IGOSS.
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Coastal and Island Stations

60. Participating nations should be encouraged to select ccastal and islend
stations and equip them so that they can obtain observations useful for IGOSS purposes.
In particular, measurements should be made of gea levels, waves, ice, water temperature
and the complementary meteorological obeervations. 8uch statione will be important
observing stations for pollution monitoring as well. Incorporation of the coastal and
island data should be considered when required for IDPSS product formulation.

Satellites

61. Monitoring of the ocean from space is now foreseen as one of the advancements

in operational data acquisition that will make additional data available for IGOSS

use on a routine basis by 19680. Satellites have yet to play a majJor role in

monitoring and assessing oceanic conditions. However, as sensors and instruments have been
developed, it has become apparent that much important and useful data on the ocean can

be gathered from space platforms. Under relatively cloud-free conditions, sea surface
temperature can be derived from infra-red measurements from satellites and some

tracking of major ocean currents can be accomplished. Experimental satellite products
such as hemispheric sea surface temperature analyses and current and water mass

depiction charts have undergone tests and are proving to be useful additional components: o
services which already make use of surface, sub-surface and airborne observational
elements. The advance made towards incorporating satellite observational techniques

in operational service programmes is one technological development that should have

a great impact on IGOSS. Member States developing and operating satellite systems

are encouraged to make processed data available to others participating in IGOSS.’

62. The requirements of the IBON for the data and information which can be
obtained from exiesting and planned satellite systems are as follows:

(a) sea surface temperature

(b) surface thermal detail (fronts)

(¢) surface wind field

(d) surface wave statistics

(e) currents

(f) wupwellings

(g) open ocean tides

(h) storm surge

(i) icebergs and ice cover

(3) ocean colour

(k) floating pollutants

i e et S 1 S D S W A o G S S S o A S S S S S D T T P Y S T — -

63; A consequence of the mixed nature of the IBON observing system (satellite,
aircraft, buoy, ship) is that a particular variable may be measured by several very
different techniques. It is important that these data should be comparable without
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complex-processing. A particular example is the measurement of sea surface temperature
by various systems at the surface and by satellites which themselves employ different
methods from one another. Difficulties arise in the assimilation of these various
data which reduce the usefulness of the data set 1n practical applicationa. Problems
are also caused by the lack of compatibility between different satellite communication
syetems and 1t is important that there should be agreement on common standards in
order thet surface data collection platforme can work through a variety of satellites
without duplication of transmitting equipment.

64, Costs can be reduced by eareful choice of the variables measured and by
‘restricting the accuracy and resolution demanded to that strictly required. Careful
ssrutiny of the uese made of the various data in deriving service products will
probsbly lpad to the eliminaticn of some data now reported.

65. There ia the urgent need’ for intro&ucing semi or fully automatic data
aoquisition systems. The desirable attributes of such systems are that. they should:

(a) be compact, to minimize interconnections;
(b) have an automatic communication system;

(¢) have long '"mean time between failures" to eliminate the
necesslity of servicing at sea;

(d) have stability of calibration to obviate adjustment at sea.

Great emphasis is placed on the need to minimize servicing, adjustment and calibration.
In most cases the cost of g data acquisition syatem totalled over its lifetime is
dominated by the maintenance element.
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TELECOMMUNICATION ARRANGEMENTS

Purpose and Principles

66. The purpose of the IG0SS telecommunication arrangements is to ensure the
rapid and reliable collection, exchange and distribution of ocean data originating
from the IGOSS observing system, and of processed information available from the
IGOSS Data Processing and Services System, and is operated in accordance with the
following principles:

(a) IGOSS observational data and processed information are exchénged
over the Global Telecommunication System of the World Weather
Watcht

(i) +the National Meteorological Service responsible for the
operation of a telecommunication centre on the GTS be it a
World Meteorological Centre (WMC) or a Regional
Telecommunication Hub (RTH) or a National Meteorological
Centre (NMC) is also responsible for both the transmission
to and reception from the GTS of IGOSS observational data
and processed information;

(ii) the WMO standard telecommunication procedures specified
in the Manual on the GTS should be applied for the handling
of IGOSS observational data and processed information;

(iii) where non-GTS cirecuits are used procedures applicable to
these circuits should be followed.

(b) Methode and capabilities to be used for the transmission of ocean
data from ODAS to the shore should include those offered by the
following:

(i) International Maritime Mobile Service;

(ii) Radio communication using HF bands allocated by the ITU
World Administration Radio Conference;

(iii) Geostationary meteorological satellites through their
International Data Collection System;

(iv) Polar orbitting satellites;

(v) Communication satellites, such as International Maritime
Satellite System (INMARSAT).

Collection and Exchange of BATHY arid TESAC Reports

67. " The collection and exchange of BATHY and TESAC reports involves the
following four stages:

(a)- Ship to coastal radio station or earth station;
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(b) Coastal radio station or earth station to National Meteorological
Centre (NMC) or an Oceanographic Data Processing and Service.
Centre (0OPC

(¢) 'WMC or OPC to an appropriate GTS centre for data insertion in
tho G?S; .

(d) Over the 678, from a GPS centre to national ooeanosraphic or
'notenrolnsical centres. : _

‘Relsvant detailed prondma are specified in the Guide to omrational Procedures
for the Colloetion and Exohangt of Gnianosraphie Data (BATHY nnﬁ EBSAC) (IBC ﬂinﬂals
a.ml ﬂuiaos l!o 3) :

68, colleotion of marine anﬂrum-ntal data from- virinus ocean baaed platforms

. vwill be ocarried out by the follawing -four methedss
(a) v ;, 3 . This Service is

N ne :um ° mine mteo:rologioal rgporte
from WND: vnluntary observing ships and similarly of BATHY
and ‘TBSAG reports for IB0SS. ..  Theas reports are .
defined by the ITU Radio Regulations as "meteorological
radiotelegrama" and should bear a specified service instruction
and paid service indicator. WMO publishes a list of coastal
radio stations designated by its Member States for the
reception of ship reports, including BATHY and TESAC reports,
free of charge. Watch-keeping hourse aboard single operator
shipe and the increasing traffic in the Maritime Mobile
Service, especially in HF communications, have been two main
areas of difficulty affecting the timely and efficient
collection of ship reports. To overcome these difficulties,
introduection of nevw technology, such as the direct printing
system with selective calling devices and satellite data
collection syatem, Bhould receive urgent attention.

(b) Communicetion us gix HF bands allocated by the World
Administrative Rg%ig Conference: The ITU World Administrative
Radio Conference (WARC 1967) allocated six HF bands each 3.5 KHz
in width in the 4, 6, 8, 12, 16 and 22 KHz ranges for the
transmission of ocean data. In response to a WARC decision and
in order to assure the rational utlization of the allocated bands,
procedures have been established whereby the IOC and WMO
Secretariat jointly act as a co-ordinating body for their use.
Frequencies reserved and/or allocated to various countries are
recorded in the Agreed Interim Frequency Utilization Plan which
is kept updatedand circulated to all WMO and IOC Member States.
The WARC-1974 decided that the present allocation of the six
HF bands should be maintained without change until the next
Administrative Conference in 1979. Therefore, the existing
arrangements for the utilization of the frequencies should
continue to apply at least until then.
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(¢c) Satellite Data Collection System:

(i) Data collection from buoys, ships and remotely located
platforms will be possible via geostationary and polar
orbitting meteorological satellites during the present
implementation period (1977—1982). The geostationary
meteorological satellites to be launched by the European
Space Agency (ESA), Japan, the USSR and the USA in support
of the First GARP Global Experiment (FGGE) and expected to
continue in support of the World Weather Watch will have an
International Data Collection System. This system should
also be used for the collection of IGOSS observational data.
A similar system will also be available on polar orbitting
meteorological satellites.

(ii) The International Maritime Consultative Organization (1MCO)
is undertaking a project for establishing an International
Maritime Satellite System (INMARSAT) which is intended for
providing, amongst others, an effective service for the
collection and distribution of navigational, meteorological,
hydrographic and oceanographic information, including
transmission by direct printing and/or faceimile.

(d) Very High Frequency Transmission: Very high frequency transmissions
(VHF) make it possible to set up short-distance links (within sight);
they are being used for the collection of data from moored buoys
situated close to coastlines.

Dissemination of Products to Users

69. Dissemination of products to users is to be arranged on a national basis
using, the national meteorological telecommunication network of the GTS and/or other
appropriate telecommunication circuits.

IGOSS DATA PROéESSING AND SERVICES SYSTEM (IDPSS)

Purpose and Principle

70. IGOSS has stimulated observation of the ocean environment and the regular
collection and exchange of these data in real- tlme. The IDPSS provides the basis ‘
for an international data processing and serv1ces system for the provision of ]
.oceanographic analy51s and prediction products. The purpose of the IDPSS is to make
available to users the bBasic processed observational data and analyses needed for
real-time and near real-time applications. This system is intended to provide a
common' basis for the operatlons of the various oceanographic centres which have been
establlshed to meet the partlcular user requirements of ‘an area. The functions of
the various centres will not affect the status of any international commitment of
countries to give support to shlpplng and alr/sea rescue nor to determlne the manner
in which members execute these responsibilities.
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T1. Products produced by the IDPSS will be useful in the following
(not listed in priority order):

(i) shipping operations;
(ii) engineering operafions at sea:
(iii) fisheries research and operations;
(iv) aqua-culture operations;

(v) evaluating the consequences of man's activities in the sea,
such as o0il spills, atomic power plant location, deep water
port location, waste disposal and other modifications to
existing systems;

(vi) oceanographic research;

(vii) atmospheric prediction models and climate modelling.

Organization of the IDPSS

T2. The IDPSS will be composed of three types of centres. These types, with
their distinguishing characteristics, are:

(i) World Oceanographic Centres (WOC). These centres provide
processing on a global and/or hemispheric, and major ocean
basin scale. They collect and process IGOSS observations
received over the GTS from specialized and national centres.
They offer oceanographic products such as sea surface temperature
and mixed layer analyses to any participating nations interested.

(ii) National Oceanographic Centres (NOC). These centres are organized
to satisfy the requirements of the particular nations' users.
They will receive products from the world centres as needed in
support of their service programmes. They will monitor IGOSS
data collection from sources within their nationg

(iii) Specialized Oceanographic Centres (SOC). SOCs are established when
required by participating nations for data processing and the provision
of preoducts for users in their countries. This type includes
centres which are specialized in the processing of certain ocean
parameters and which serve, through their products the particular
needs within a well-defined ocean area or sea.

A S0C could be a national centre or one established as a joint effort of several
countries and will be included in the system only when a willingness has been
expressed to adhere to IGOSS objectives. These specialized centres will be treated
the same as national centres for IDPSS purposes, with the World Centres taking full
account of their specialized needs for synoptic oceanographic support.

73. The Global Observing System of the World Weather Watch (WWW) and IGOSS will
produce large amounts of marine environmental data. As in meteorology, speed in
processing oceanographic observational data in the form of analyses and prognoses is
essential. To begin with, the ocean thermal and density structures of the upper layers
will be analysed. BEventually, ocean current observations and analyses will be included
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as the IDPSS develops. Considering the scarcity and high cost of observations of
temperature and salinify in the ocean, it is also necessary to have efficient systems
for data storage and retrieval for both real-time and archival uses.

Specified Functions of WOCs for 1977-1982

T4 Real-time processing functions:

WOCs will:

(i) receive observations and pPrepare analyses of sea surface
temperature according to the specifications set out below;

(ii) receive observations and prepare analyses of temperature
‘gt fixed levels for the upper ocean

(iii) prepare edited collections of observations in standard and
special formats for users; and

(iv) execute quality control procedures.
75. Non-real-time processing functions:
WOCs will:

(i) document procedures for quality control and exercise quantity
control procedures;

(ii) provide IGOSS Responsible National Ocean Data Centres (IRNODC's)
with collections of sub-surface data in standard formats;

(i1i) publish descriptive material fully explaininé ﬁethods of analysis;
(iv) prepare product znalyses for routine Bériodic exchange;
(v) provide processed products for research uses;
(vi) provide opportunities for exchange visits.
The forms in which data. are processed for climatological and research purposes shoﬁld

be such that it can be published. Data which are needed for large-~scale investigations
should. be readily available in a convenient format for machlne processing.

SpggifiggtionS'for Initial WOC Products

76. The initial products for exchange will be the sea surface temperature at
pointe of the numerical weather grid in common use at the time of the initial exchange
and the mixed layer depth for the same points. Each of these initial products is now
deseribed in operational terms. :

TTe Additional requirements for oceanographic information on-a regular basis
will include sea surface temperature znd.the temperature structure with depth down
to 500 metres on a grid of one degree latitude dimensions. It is logical to begin
the exchange between the WOCs and the NOCs and S0Cs with. products which are somewhat
less comprehen31ve than those needed for the 1978 1982 time period. Specifications
for these products are as follows:
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surface3temperaturé (ssT)
‘sea suffa@e temperature from‘opén ocean areas (i.e.
100 km from land or ice, and greater than 200 m water
depth);
scalar variable;

range - 5°C to 4000;

teﬁper@ture of the surface sea water layer to 1 metre
depths

-grid point walues are to be ih degrees and tenths;
data points will be at grid spacing commonly used;. .

100 km spacing by 1978, northern hemisphere to start,
later globally; ‘

isoline charts with contours at 4°C with 2°C spacing
optional in flat gradient areas;

po%ar progections for areas at latitudes higher than
20" to 30°. Mercator projections for areas at lower
latitudes and as one which may be used for global coverage;

internally WOCs may produce charts with different
characteristics;

daily analysis;
exchanged once/day;

day-to-day difference fields and indications of diurnal
variations will be maintained as much as possible;

mean charts may be prepared as required (e.g. 5 day,
10 days, 1 month);

(ii) mixed layer depth (MLD)

(a)

(v)

(a)

mixed layer depth - depth of surface layer of homogeneous
temperature;

computer definition - increasing levels of depth from

the surface are considered until a temperature 2°¢ colder
than the surface temperature is reached. Then the last
significant level considered is egtablished as the MLD.
If the entire profile is within 2°C of SST then the MLD
is the depth of the profile's bottom depth;

grid point field - depth will be defined to the nearest
10 metres;

inforﬁation on existence and day-to-day persistence of
transients (i.e. shallow minor thermoclines due to surface
heating) should be maintained when feasible;
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(e) analyses, using WMO Code Form FM 47-V-GRID, should
be exchanged daily over the GTS;

(£f) initially (1977-1978) analysis will be confined
to the northern hemisphere with global analysis
available later (1978-1980).

78. Where possible, analysis of a parameter will be based on corrected data and
will be prepared using computer methods. In producing the analysis, it is desirable
to make broad use of observational data obtained from all available platforms
including ships, aireraft, buoys and satellites. The results of the analyais may be
presented either in graphical form or as a field of data at fixed grid points and as
a list of accepted, rejected and interpolated data. The distribution of the results
of the analysis should be through the international GRID code or graphically.
Forecast of variations of a parameter in time should be made using numerical models
for presentation in digital and/or graphic form.

Development Aims for WOCs

79. The WOCs should endeavour to develop and adapt research models for
operational analyses and interactive predictions of the atmosphere-ocean system for
up to one or two weeks into the future. These models should include predicted ocean
temperature structure as an output, and will have realistic first approximations to
atmosphere-ocean energy exchange mechanisms. Further they should develop and adapt
research models for ocean motion and circulation which will accept water level and
current observations and predict these as long as possible (2-5 days) into the future.

Specifications for NOCs and SOCs
80. To provide a useful contribution to the IDPSS, centres should:

(i) use uniformly accepted formats or codes for input of the
original data;

(ii) make its products available on request to users outside
its area of concern in a form compatible with general
international standards. Besides distribution of its own
products, NOCs are responsible for making available the
products of WOCs to those requiring them. These may be in
the original form or as modified by the NOC;

(1iii) endeavour to provide additional products in its field of
speciality, when requested, on the basis of user requirements
arising through the IDPSS;

(iv) store data in a format compatible with those specified
in the Manual on IGOSS Data Archiving and Exchange;

(v) publish selected data if required;

(vi) co-operate in the training programme conducted within the
framework of IGOSS;

(vii) exercise strict quantity and quality control procedures.
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Quality Control

8l. The basic elements of quality comtrol of BATHY and TESAC data obtained
through the GTS system consist of the detection of errors occurring during the
production and coding of the data, and of errors and distortions which creep into the
text of the bulletins during transmission along the telecommunications channels.

82, The responsibility for primary quality control of transmitted observational
data rests with national centres which eliminate such crude errors as: distortion of
vessel position co-ordinates, incorrect ordering of groups in the report, substitution
of initial figure of the groups and errors caused by the telecommunication line.
Primary control also includes correction of group indiecators in the bulletin and the
number of figures in the group. It is desirable that national services use similar
procedures for control of their observations and make provision to ensure that data
entered into the GTS in the form of bulletins be made error free.

83. Quality control procedures should be an integral part of the operational
programmes but efforts should be made to minimize delay of transmitted data to
processing centres. In order to ensure high quality product outputs, data processing
centres must eliminate errors which were not detected during data control at national
centres and which arose in bulletins through the fault of the telecommunication system.
Reliability control of the parameter under observation (temperature, salinity, waves,
current, etc.) should be carried out at the processing centres by objective analysis
of the distribution range of the parameter concerned.

The Exchange of Processed Data

84. The data received at WOCs via the GTS from national centres is transferred
onto magnetic tape for further processing (analysis/forecast). The collected data
bulletins are combined for each individual ocean region, part of the ocean or
individual basin for further processing and return transmission to national centres.
In addition, the data is entered on the appropriate form for further transmission and
processing in non-real-time at IGOSS Responsible National Oceanographic Data Centres
(IRNODCs) and National Qceanographic Data Centres (NODCs).

85. The NOCs and WOCs on the basis of the data collected, and using objective
analysis and numerical forecasting methods, issue products (analyses/forecasts) in
response to the needs of users and other centres. For the sake of greater operational
effectiveness in receiving the processed products, exchange between centres is done in
international GRID code numerical form. At the request of the centres, the exchange
may be done using combined data forms which have undergone primary processing for
individual regions of the world oceans.

Archiving and Exchange

86. Observational data (BATHY and TESAC) received by NOCs and SOCs should be
transferred by them in non-real-time, in appropriate form for further periodical
processing to IRNODCs. IRNODCs should carry out the procedures for archiving and
exchange of data in accordance with the Manual on IGOSS Data Archiving and Exchange.



- 29 -

DATA ARCHIVING AND EXCHANGE

Purpose

87. From the earliest stages of intergovernmental planning for IGOSS, it was
recognized that most data collected in conjunction with IGOSS would be of permanent
value and that arrangements should be made for their preservation, beyond their
initial operational use. Consequently guidelines for archiving and exchange of data
were developed. These are contained in the Manual on IGOSS Data Archiving and
Exchange. .

88, One basic objective of the system prescribed by the Manual is to establish
complete archives of the IGOSS data in its shipboard encoded form within less than
six months from the time of collection. The primary role of the World Data Centre
System in-the IGOSS scheme is to maintain various indexes to the archived IGOSS data.
Normally however, much of the IGOSS data, which have been shipbgard encoded, will- be
carefully processed in greater detail and with greater accuracy by land-based
activities. This conventional type of data is exchanged through the NODCGs and the
WDC (Oceanography) in accordance with the procedures stipulated in the IOC Manual

on International Oceanographic Data Exchange (IODE).

BATHY and TESAC Data

89. » The Manual is primarily concerned with BATHY and TESAC reports and offers
procedures for their handling and disposition. BATHY and TESAC reportis coded on
shipboard on standard IGOSS BATHY and TESAC logs reach archiving centres via two
separate routes: - ~ :

(a) Logs are mailed to the appropriate National Oceanographic
Data Centre (NODC) or its equivalent. The NODCs process
the data on the logs into a standard archival format for
IGOSS data, the OCEAN SYNDARC Format, and transmit them to
one of the IGOSS Responsible NODCs (IRNODCS). The IRNODCs
are certain NODC's which have assumed the responsibility to
maintain complete archives of IGOSS data for specified regions
of the world's oceans and to provide exchange and other services
to the "secondary" (i.e. non-operational) user community.

(b) The BATHY and TESAC reports, telecommunicated in international -
Code Forms M 63 and 64 and transmitted through the GTS are to
be recorded on suitable technical carriers (e.g. magnetic tape)
by the Oceanographiec Centres and delivered at weekly intervals -
to the nearest IRNODC. The IRNODCs will, subsequently, compile a
comprehensive OCEAN SYNDARC formatted archival file. -

Future Developments

90. In the period 1977 to 1982, it is anticipated that there will be three major
developments within the framework of IGOSS which will require expansion or modification
of the present scheme for IGOSS Data Archiving and Exchange:
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IGOSS Data Archiving and Exchange System

(BATHY and TESAC)

Oceanographic
Ships Centre for dota
| Buoys /\/\/NV/\/\VA\/\JA\ processing and
Aircrafts : product formul-
ations ' USER
Responsible
National Oceano-
graphic Data
Centre
National e
National Oceanographic
Agencies or’ Data Centre
Laboratories

/N\(\v/\/A\/\/\VA\J\JA\/\/\V/Telecommunicoted BATHY and TESAC Reports

---------------------------- Inventories

BATHY and TESAC Logs

Tapes, Cards, etc. (OCEAN SYNDARC)

Tapes of BATHY and TESAC Reports,
S |t summories, analyses products
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(i) New Data - The broadening of programmes, either directly
stemming from IGOSS or utilizing IGOSS for their support,
to include new types of date such as surface currents and
telecommunicated data from platforms other than ships, i.e.
satellites and buoys and data from marine pollution monitoring
. programmes;

(ii) IDPSS - The implementation of the IDPSS and the establishment
of National, Specialized and World Oceanographic Centres and
their operational capabilities will most probably have a
profound effect both on the archiving procedures for BATHY and
TESAC data as well as for other telecommunicated data;

(iii) IGOSS Archival Services - With the growth of the IGOSS archival
data banke, there will be a corresponding growth in the range
of services offered by the IRNODCs, - At the same time there may
well occur an increase in the number of IRNODCs and a realignment
of their areas of responsibility.

Marine Pollution Data

91. Data collected through the Pilot Project on Marine Pollution (Petroleum)
Monitoring are not intended for radio transmission. - The data obtained from observations
using standardized techniques are recorded on standard IGOSS logs and forwarded to
national agencieas by mail. The data are then transmitted to NODCe or their equivalent
and finally to the IRNODC&. The urgency of the data flow to IRNODCs depends on the
type of data, e.d., data on visually observed pollutants may be required to flow
rapidly, whereas data on, say, dissolved hydrocarbons need not be handled so quickly.
Baving regard to the complexity of these collection procedures, close monitoring is
called for and an effective liaison established with IODE.

Marine Pollution Moniteri ilot Project Dat

Archival and Bxcharge System

) Hational
AN Environmental L . i . -
Pollution. - National Ageney \ ¥ational. World Data,
Monitoring Oceanographio Oceanagraphic ’ Centrea - -
Platform Laboratory or Bata Centre {(wvpc)
‘ other natlional — (WoBC) or - :1ﬁf:? A and B
agency designatad (0ceanc-
- ) o national graphy
agency (DHA) /
. a
‘4
e - .. ) 'Besponsible Regrouual |
’ : National N Centre for
Ogeanographio [ Analysis of
Data Centre . Pollutants

Pollution Monitozing Logl and Snnples
Inventories’ - - Lo
Pollution Hoaitoring Lugu - o

Porm and mode a8 agreed batveen
Centres

i

Note: This scheme will further be elaborated  -in co-operation with the
10C Working Committee on International Oceanographic Data Exchange
in the course of development and implementation of the Marine
Pollution Monitoring Pilot Project
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Satellite and Aircraft Data

92. At this stage, information concerning the type of sea surface temperature
data likely ;o be available from direct reading equipment in satellites and aircraft
is incomplete. This data should be held in centres specializing in the archiving of
such data and not included in IGOSS archives. - Inventories of the information held can
be kept at IRNODCS. The procedures for archiving this important data demand further
study and IGOSS must work closely with the IOC Working Group on IODE on this matter.

Other Data

93. The archival procedures for esimple types of data such as surface currents
vhich are recerded similar to temperature and salinity data on standard shipboard Logs
and telecommunicated using standard faternational code forms, would be essentially the

~Bame as forthe BATHY and TESAC reports. - An increase in data recorded and telecommun-
icated automéfically is expected during the next phase of IGOSS. The main sources of

‘such dats will he surfeoce. and sub-surface sensors mounted on buoys and fizxed platform,
but may also include bathythermograph and other data automatically encoded on board
shipe. This data ie highly desirable from an IGOSS archiving point of view. It is
telecommunicsated and subsequently transmitted via the GPS in standard international codes,
transferred from Oceanographic Centrés to IRNODCe on computer-compatible carriers, and
converted into an OCEAN SYNDARC archival format. There being no "Logs", no time-
consuning digitization and related processing would be required.

94. The planned implementation of the IDPSS and its associated NOCs, SO0Cs and
WOCs will result in major benefits to the Ysecondary" users by broadening and
strengthening of the IG0SS'Data Archiving and Exchange acheme. The most notable of
"these benefits is expeoted to be in the area of improved quality of archived data,
-@eneration of archivable data summaries and products, and greater efficiency of the
archive-related proceseing.

95, One of the functions of the WOCs and NOCs is to apply statistical and
analytical quality control to data received ae an integral part of producing synoptic
analyses and predictibn products. It would therefore be highly advantageous for the
-1G0SS Archiving Centres i.e. NODCs and IRNODCe, to receive their telecommuniocated
data from the WOCe andfor NOCa after these have been subjected to quality control
rather than before. Thip arrangement would not preclude efforts at further quality
control of the data by HODCs and IRWODG=. The intercomparison of data from

diverse sources such as ship SSTs and satellite SSTe is an example of an IDPSS
control service,

96, For many secondary user requirements, data summaries magy actually be of
greater interest than the basic data. Decisions on what to archive at IRNODCs in

the way of products will have to be based on a careful review of potential long-term
user requirements and the nature, attributes, and volume of the products as they
evolve within the IDPSS framework. The judicious archiving of data products is one
approach to encompass auxiliary data from multiple sources. For instance, satellite-
sensed SST data are certain to be utilized in digital or image form in order to
enhance eonventional SST analyses, but are poorly suited for archiving within the
context of IG0SS. The archiving of analysis products would, in a sense, preserve the
effect of such high volume or specialized data sets for numerical analyses without the
need to place them into the IGOSS Archiving Scheme.
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Azchival Services

97. The IGOSS Archival Centres, especially the IRNODCs, though not operating in
a "real-time" mode, can provide oceanographic services. The principal functions of
the IGOSS RNODCs are defined 1n the Manual on IGOSS Data Archiving and Exchange.
With the expected growth in the volume of data in their data bases and with improved
geographic coverage of data, the IRNODCs will eventually be in a position to provide
certain additional services on a routine or occasional basis. These will fall into
three broad categories:

i. Data summaries and analyses ecompassing archived data from time

periods of greater duration than those used by the WOCs, S0Cs
and NOCs. Most operational products of the latter will be based

on time periods of days or at most perhaps one to four weeks. The IGOSS
RNODCs archives would furnish the appropriate source for monthly,
seasonal or annual data summaries.

ii. Preparation of special, near-operational, or'delaged mode producte
for specified regions based on the telecommunicated data. The

capabilities of the IRNODCs may be used to augment the services
provided in the context of the IDPSS. For example, in a certain region
there may be an operational need for analyses based on a grid spacing,
time period of averaging, contour interval or depth level, other than
those provided by the IDPSS. .

iii. Services to users of non-telecommunicated data and data documentation.
For types of data such as are being generated by the Pilot Project
on Marine Pollution (Petroleum) Monitoring, the IRNODCs may be the
most suitable IGOSS component to provide data and services to
agencies conducting regional and global assessments and analyses.

MARINE POLLUTION MONITORING PROGRAMME

98. . In response to a recommendation of the UN Conference on the Human
Environment,I0OC and WMO have agreed jointly to undertake design, planning and
development of a marine pollution monitoring programme as a function of IGOSS. Actions
have already been made in this direction and they have received substantial support
from UNEP in view of the close relationshlp of this programme with activities aimed

at establishing a Global Environmental Monitoring System. The Severth World
Meteorological Congress stated that attempts should also be made to meet requests for
monitoring pollutants in addition to oil within the framework of IGOSS. As a first
step in this regard, IGOSS will concentrate on the monitoring of background pollutlon
in the open ocean.

99, The obaectives of the IGOSS marine pollution monitoring programmes are. to
organize, through international co-operation, systematic observations of marine
pollution to obtain information about long-term changes and trends in the levels of
pollutants which can endanger human heglth, have a harmful effect on living organisms
or which influence the exchange of energy and matter between ocean and atmosphere.
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This information should contribute to the formulation of mass balance relations which
can then be used to develop the scientific basis for the periodic assessment of the
state of pollution of the world's oceans and to assist in decisions on the need for
regulatory action to oontrol marine pollution.

100. It is envisaged that the follow1ng pollutants should be monitored: withln
these programmes: :

-

(a) Chlorinated hydrocarbons; N ,
(v) Heavy metals; ' : .
(c) Petroleun:and petroleum products;

(d) Surfdce active substances;

(e) Transuranic elementa.

- 101, The marine pollution nonitoring programmes should be planned and carried out
in oco-ordination with the Global Inwestigation of Pollution in the Marine Environment
"~ (GIPME) and the WMO metwork of regional and baseline stations for monitoring air
pollution at baokground levels and as a part of the Global Environmental Menitoring
System of UNEP. Close’ ‘collaboration is required between relevant IGOSS bodiea, the
I0¢ Working Commitiee for GIPME, GESAHP and the WMO Executive Committee Panel on
Atmospheric Pellution.

102.“ A number of development efforts will be required to achieve a comprehensive
ocean monitoring programme. Particular attention during thie period should be given
tor -

(a) PFurther development of regional marine pollution monitoring
programmes, e.g. in the Mediterranean.

(b) Design and development of a system for monitoring background
levels of selected pollutants in open ocean waters.

(¢) Development of Pilot Projects, similar to the Pilot Project
on Marine Pollution (Petroleum) Monitoring for the monitoring
of pollutants other than oil.

(d) PFurther development of international procedures for the
exchange of marine pollution data partlcularly with the
I0C Working Committee on IODE.

(e) Intercomparison of sampling and sample preservation methods
and of sample analysis methods particularly with the Working
Committee for GIPME and GESAMP.

(f) Provision of assistance to developing countries to enable
them to participate actively in the programme particularly
with the IOC Working Committee on TEMA.
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TRAINING AND EDUCATION PROGRAMME

103. To create a global system, efforts must be made by I0C and WMO to involve as
many countries ‘as possible, Particular attention in this regard should be given to
the training of specialists in the developing countries in the diverse aspects of the
work associated with IGOSS, both on the national and international level. Training
should be provided on oceanographic and marine meteorological observation techniques,
instrument installation and maintenance, data processing, analysis and prediction of
oceanic processes, and user application of products and services. The collection,
preservation and analysis of samples of sea water for the purposes of monitoring of
marine pollution should also be included.

104. These activities should be further developed through the existing mechanisms
in I0C and WMO: the IOC Working Committee on Training, Education and Mutual Assistance
(TEMA), the WMO Executive Committee Panel on Education and Training, the Division of
Marine Science of UNESCO and the WMO Secretariat. The major task of TEMA is to

develop and recommend programmes for training, education and mutual assistance as well
as appropriate mechanisms for the implementation of these programmes.

105. During the period 1977-1980 attention should be given to the identification
of special requirements for training and education for existing IGOSS operational
pregrammes and projects, 1n1t1a11y the BATHY/TESAC operational programme and the

marine pollution monitoring project. The training and education programme may include:
training courses and seminars; shipboard training; participation of specialists from
developing countries in the work of IGOSS Data Processing Services Centres and marine
chemical laboratories; preparation of textbooks, Manuals and Guides on various aspects
of IGOSS Programmes; and participation of specialists in seminars and workshops
related to IGOSS.

106. The use of UNDP, UNEP, VAP and I0C trust funds will be required to plan and
implement the IGOSS training programme,

RESEARCH AND DEVELOPMENT

Scales and Processes

107. It is recognized that an understanding of oceanic mechanisms and their
1nteractlons through a range of time and space scales, even if only emplrlcal, is
necessary before oceanic predlctlons are attempted. Pilot studies, both in terms of
ongoing or finite sc¢entiflc experlments or as limited tests of specific IGOSS
component operations, should always be undertaken. These pilot studies need not
necessarily involve advanced technology but may be based on simple widely available
techniques. The purposes of such studies should Dbe::

(a) to obtain a quantitative basis for ocean data network design;

(b) to improve our knowledge of oceanic mechanisms, their inter-
actions, and their relative dynamic importance;

(c) to develop methods for processing and analyzing the data that
will be collected in IGOSS. The difficulties of large-scale
ocean data handling should not be underestimated.
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108. Studies and experimente directed at defining the structure and behaviour of
thermal anomalies and the development of diurnal and seasonal variations of the
thermocline for an ocean basin are of considerable importance to the development of
IG0SS. Time and space scales of variability are aspects of these studies that will
have a great impact in the design of any form of global monitoring network. Studies
of the onset and variation of upwelling and related predictive models - and also air-
sea  interaction studies aimed at predicting small- scale and large-scale processes,
particularly in the lower atmosphere and upper ocean - are belng conducted. These
experiments are aimed at elucidating fundamental physical processes that will form

the basis of predictive models. Considerable importance is placed on work in physical
oceanography at intermediate scales (days to weeks and tens of kilométres). Experiments
are taking place in an area of weak currents which indicate horizontal scales of the
order of 100 kilometres and typical speeds of the order of 30 cm/sec for the daily-
averaged surface currents. The importance of smaller-scale processes in many problems
is also recognlzed, but not enough is known about them to take them into account
explicitly in the design of a global network.

109. The continuing need for examination of the problem of the development of
network design criteria by scientists competent in statistical sampling is recognized.
The design of a global network of stations, for example, should be subject to a
statistical analysis of scales of variability, keeping in mind the use to which the
data provided by the network is to be put. Studies of time and space scales of
variability must be linked to the variable under consideration.

Techniques and Methodology

- 110. Research priorities in techniques and methodology should be specified in

relation to the desired application, bearing in mind the limitations imposed by the

scales of variability of the relevant parameters in the ocean. Questions on the

siting of baseline stations, key regions, and standard sections should be decided by -

consideration of the processes that they are intended to elucidate, rather than by

technological or logistic considerations. Some improvements in the operations of

JGOSS can be made with reasonable economy, for instance by improvement and standard-

ization of sensors used by ships. More effective use of these and similar observing

platforms depend less on research than on better organization, increased funds and

on some further engineering developments. For example, improved methods could be

" provided for measuring sea-surface temperature; improved logs could be fitted to ships
with high navigational capability so as to allow better estimates of near-surface '

currents; underway profiling devices could be developed to sample plankton, tempera-

ture, salinity, etc.; and the use of expendable bathythermographs could be increased.

111. Models, both mathematical and analogue are being developed in several countries.
These aim at representing marine phenomena an&‘circulation»on various scales. The

most important contribution to these models would be in the development of techniques
and methods for satisfactory incorporation of processes, of which the scales are

smaller than the sampling grid. There will also be a need for monitoring their output,
by direct comparison of observations and predictions for suitably chosen parts of the
model or by checking the simulated integrated effects against observed values.
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Approach

112. The responsibility for the studies and experiments which would lead to the
solution of the problems cited in the previous paragraphs lies with Member States.

They are urged to undertake research programmes to facilitate the development of IGOSS.
In doing so, the international mechanisms already in existence for co-ordinating and

designing research programmes, such as LEPOR, SCOR and GARP, should be used whenever
possible.
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