IOC/INF-833

INTERGOVERNMENTAL OCEANOGRAPHIC WORLD METEOROLOGICAL
COMMISSION (of Unesco) ORGANIZATION

GLOBAL OCEAN OBSERVING SYSTEM

STATUS REPORT ON EXISTING OCEAN ELEMENTS
AND RELATED SYSTEMS

DECEMBER
1990



IOC/INF-833
Paris, 18 December 1990
English only
(with Exccutive Summary translated into
French, Spainish and Russian)



TABLE OF CONTENTS

EXECUTIVE SUMMARY
1. PREFACE
2, PRESENT INSTITUTIONAL STRUCTURES

21
2.2
23
24
2.5

INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION
WORLD METEOROLOGICAL ORGANIZATION
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
INTERNATIONAL STRUCTURES - CO-ORDINATION MECHANISMS
NATIONAL STRUCTURES

REQUIREMENTS FROM EXISTING AND PLANNED
LARGE-SCALE CLIMATE RESEARCH PROGRAMMES

31
3.2
33
34
3.5
3.6
3.7

TROPICAL OCEAN GLOBAL ATMOSPHERE PROGRAMME
WORLD OCEAN CIRCULATION EXPERIMENT

POLAR PROGRAMMES

JOINT GLOBAL OCEAN FLUX STUDY

GLOBAL ENERGY AND WATER CYCLE EXPERIMENT

WORLD CLIMATE DATA PROGRAMME

SUMMARY OF VARIABLES AND PROCESSES TO BE MONITORED

EXISTING AND PLANNED GLOBAL OCEAN OBSERVING
AND DATA MANAGEMENT SYSTEMS

4.1

42

43

44

4.5

4.6

WORLD WEATHER WATCH (WWW)

4.1.1 Description of Functions
4,12 Status of Present Actlvities and Future Plans

INTEGRATED GLOBAL OCEAN SERVICES SYSTEM (IGOSS)

42,1 Description of Functions
4.2.2 Status of Present Activities and Future Plans

GLOBAL SEA LEVEL OBSERVING SYSTEM (GLOSS)

43.1 Descriptlon of Functions
43.2 Status of Present Actlvities and Future Plans

DRIFTING BUOY CO-OPERATION PANEL (DBCP)

44.1 Description of Functions
4.4.2 Status of Present Activities and Future Plans

INTERNATIONAL OCEANOGRAPHIC DATA EXCHANGE (IODE)

4.5.1 Description of Functions
4.5.2 Status of Present Actlvitics and Future Pluns

WMO APPLICATIONS OF METEOROLOGY PROGRAMME

4.6.1 Description
4.6.2 Status of Present Actlvitles and Future Plans

I0C/INF-833
page (i)

page

il

11
11
12
12
13
14
14

14
16

18

18
19

21

21
21

23

23
23

24

24
25

27

27
27



IOC/INF-833
page (ii)

4.1
48
49
410

WMO HYDROLOGY AND WATER RESOURCES PROGRAMME
WORLD CLIMATE PROGRAMME

GLOBAL ATMOSPHERE WATCH

LONG-TERM MONITORING SYSTEM OF COASTAL AND NEAR-SHORE
PHENOMENA RELATED TO GLOBAL CLIMATE CHANGES

5, NEW TECHNOLOGY

5.1
52
53
54
5.5
5.6
57
58

TABLES
FIGURES

ANNEXES

SATELLITES

AUTOMATED SHIPBOARD DATA COLLECTION SYSTEMS
NEXT GENERATION WATER LEVEL MEASUREMENT SYSTEMS
AUTONOMOUS VEHICLES

ACOQUSTIC TOMOGRAPHY

FLOATS

EXPENDABLE CTD'S

PLANKTON MONITORING

L LIST OF ACRONYMS

1. REFERENCES

Il NATIONAL AGENCIES PARTICIPATING IN OCEAN OBSERVING SYSTEMS

3 8B B8E

REELEB8E

w
W



IOC/INF-833
page (iii)

EXECUTIVE SUMMARY

This report documents the status of implementation of intergovernmental systems for monitoring
occan variables, It is a compilation of information, intended as a first step to development of a long-term
global occan observing system, an initiative being undertaken in response to world-wide demands for a better
understanding of occan behavior and its role in the global environment,

In response to the UN General Assembly Resolution on the Protcction of Global Climate for Present
and Future Generations of Mankind and subscquent recommendations made by Working Groups of the
Intergovernmental Panel on Climate Change, the Intergovernmental Qceanographic Commission (IOC) has
initiated development of a comprehensive Global Ocean Observing System (Resolution XV-4 of the I0C
Assembly, July 1989). The World Metcorological Organization (WMO) is co-operating with the IOC on this
initiative. The Twenty-third Session of the IOC Executive Council in 1990 adopted Resolution XXIII-5 calling
for a status report on the immediate requircments for an ocean obscrving system,

The Scientific and Technical Sessions of the Second World Climate Conference in October 1990
identified an urgent nced to create a Global Climate Obscrving System to be built upon the existing World
Weather Watch Global Observing System and the IOC-WMO Integrated Global Ocean Services System,
Opcrational monitoring is a prercquisite for determining the role of the occan in the carth’s climate.
Monitoring is similarly needcd for developing other national and international environmental policies on such
issucs as pollution, commercial fisheries development, coastal zone management, and weather prediction, An
ocean monitoring system should be viewed as a component of a global system for monitoring and predicting
cnvironmental change. .The economic benefits of adequate predictions are estimated to be scveral hundred
billion dollars.

Several expert consultations have been held, with recommendations to be forwarded to the 10C
Committee on Ocecan Processes and Climate and the Sixteenth Scssion of the I0C Assembly in 1991,
Recommendations include preparation and annual update of a status report on existing elements of a global
occan observing system.

A CCCO-JSC Occan Obscrving System Development Panel is charged with formulating the
conceptual design of an operational observing system to monitor physical and other properties that determine
occan circulation and the response of the occan to climate change. It will complete its work in December
1994,

Large-scale climate rescarch programmes including TOGA and WOCE have identified the
observational requirements for achicving their objectives. Although requirements may change in the coming
decades as our knowledge and our need for knowledge increase, we can usc the experience provided by these
research programmes to establish initial parameters, processes, phenomena, and features to be measured over
a long-term. The present urgency for a world ocean observing system will not permit us to wait for further
research before embarking on implementation of a pian for operational monitoring.

This Status Report includes a collation of requirements from existing and planned large-scale
climate research programmes (TOGA, WOCE, JGOFS, GEWEX, WCDP, and polar programmes) and a
description of existing ocean observing and data management systems of IOC and WMO. This Is the first
report of this nature and does not include an analysis of needs, specific strengths and weaknesses, etc, It
is envisioned that in 1991 the sclentific community will e Invited to assist in conducting such analyses and
in developing plans for Implementation. Information contained in this report will be used as a basls,
Systems described here include:
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World Weather Watch (WWW)- the WMO international opcrational programme for
gathering and distributing in real-time metcorological and related environmental data on a
global scale. It manages the Global Telecommunications System (GTS), an increasingly
automated network of point-to-point circuits for collecling and dissecminating data, Its
Global Observing System includes over 7,000 ships recruited by 49 countries who participate
in a Voluntary Obscrving Scheme to provide marine metcorological information (including
SST, waves, ctc).  Although WWW surface coverage is cxtensive, large voids cxist over
ocean areas, especially in the southern hemisphere. Polar-orbiting sateliites arc operated by
4 countrics with plans underway for additional satellite scrics; gecostationary satcllites are
also presently operated by 4 countries,

Integrated Global Qcean Services System (IGOSS)- the 10C-WMO system for the
collection and cxchange of occanographic (surfacc and subsurface temperature, salinity,
currents) data in real-time, operated jointly by the IOC and the WMO, using the GTS.

Approximately 40,000 sub-surface obscrvations and 5,000 salinity observations are
transmitted annually, The IGOSS Ship-of-Opportunity Programme includes over 200 ships
taking obscrvations, many of which carry automated systems for automatically encoding and
transmilting data via satcllite. Substantial national commitments are needed to provide
adequate coverage, particularly in the Indian and Southern QOccans, data-sparsc arcas.

Global Sea Level Observing System (GLOSS)- the IOC programme for the provision of
standardized sca level data (both in ncar real-time and delayed mode) from a global
network of stations. Presently about 200 of the 306 proposed stations are operational, with
the support of 79 countrics. A sclected sct is connected to a global geodetic reference
system. Data is submitted to the Permancent Service for Mean Sca Level, which disscminates
and analyzcs sca level data, as well as to TOGA and WOCE sca level centers. Substantial
cfforts arc nceded to éstablish and maintain stations in the Arctic and Antarclic, as well as
in Africa and on remote islands.

Drifting Buoy Activiiles- managed by the IOC-WMO Drrifting Buoy Co-operation Pancl,
Approximately 600 buoys arc now operated by 11 countrics, with 35%-50% transmitting data
in real-time via the GTS. That proportion is increasing.

International Oceanographic Data Exchange (IODE)- the IOC programme which maintains
procedures and fosters facilities for international exchange of occan data through a network
of national oceanographic data centers, designated national agencies, responsible national
oceanographic data centres, and world centres. A total of 42 countrics now have national
data centres or designated national agencies. The marine data base of the World Data
Centre system contains data from more than 2,250,000 observations from 61 countries,
including oceanographic station data, bathythermograph obscrvations, biological and marine
geological data, and current mecasurements. The IOC has also developed a Marine
Environmental Data and Information Referral System (MEDI), a data source guidc which
describes data scts available at data centers. Aclions are being taken by IOC and WMO,
through IGOSS and IODE, to create a timely and complete global occan data and
information basc to support the World Climate Research Programme and national
program.mes.

World Climate Programme- promotes, under the auspices of WMO, internationally co-
ordinated research and monitoring of climate variations or changes, including a Climate
Change Detection Project initiated in 1989.

The United Nations Environment Programme (UNEP), 10C, and WMO are developing a Master
Plan for long-term monitoring in the coastal zone that will contribute to efforts to assess climate change and
its impacts. Parameters are to include physical, chemical, and biological variables. Data from existing
systems would be used to the maximum extent possible.
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The spectrum of international programmes to be involved in the Globai Ocean Obssrving System
is shown in Figurc 1. In revicwing the extent of present monitoring by existing intergovernmental systems,
substantial gaps can be scen in the essential coverage required. Present contributions of Member States and
national institutions (in the form of occan platforms and data transinitted for international cxchange) permit
implementation of 30 to 50% of the established plans for IGOSS, GLOSS, and drifting buoys. Therc is a
diverse array of operational and rescarch platforms operated by agencies and programmes with different
missions and requircments, leading to the nced for a comprehensive, integrated system, Oceanographic
scnsors for planned satellites are nceded, additional drifting buoys nced to be deployed, the proposed tide
gauge neiwork needs to be completed, and XBT coverage necds to be expanded. Systems are not now in
place to take routine biological or chemical measurements. Data management aiso nceds significant
attention. Standards necd to be established and training provided in processing, presenting, archiving, and
exchanging marine data and data products.

Becausc of the magnitude of the cost involved in operating a world occan obscrving system, planning
must be done carcfully, taking advantage of the broadest range of talent and participation. The system will
require that operational occanographic services be established at the national level and that they work closely
with national meteorological services. By definition, it is an cffort that can only be undcrtaken by
intcrgovernmental means.  As the ocean arm of the United Nations, the I0C is providing the leadership.
Close co-ordination needs to be developed and maintained with the climate and environmental monitoring
aclivities of the WMGO and UNEP. It cannot be overemphasized that a major new commitment will be
nceded from Member States; and that all Member States should be involved for the regional and global
benefit.
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RESUME

1 Le présent rapport fait le point de la mise en place des systdmes intergouvernementaux
de surveillance continue des variables océaniques. I1 représente une synthdse de 1'information
nécessaire, dans un premier temps, pour élaborer un systéme mondial d'observation a long terme
de 1'océan et répondre ainsi & la nécessitd, ressentie partout dans le monde, de mieux
comprendre 1¢ comportement de 1'océan et son rdle dans 1'ervironnement planétaire.

2 Conformément 3 la résolution de 1'Assemblée générale des Nations Unies sur la protec-
tion du climat mondial pour les générations présentes et futures et aux recommandations
ultérieurement formuldes par les groupes de travail du Groupe d'experts intergouvernemental
pour 1'&tude du changement climatique, la Commission océanographique intergouvernementale
(COI) a commencd A constituer un systdme mondial complet d'observation de 1'océan (résolu-
tion XV-4 de 1'Assemblée de 1a COI, juillet 1989). L'Organisation météorologique mondiale
(OMM) collabore & cette initiative avec 1a COI. A sa vingt-troisidme session, en 1990, 1le
Conseil exécutif de la COI a adopté 1a résolution XXIII-S, dans laquelle i1 demande que soit
établi un rapport sur les besoins immédiats concernant le systime d'observation de 1'océan.

3 Les participants aux séances scientifiques et techniques de la deuxidme Conférence
mondiale sur le climat, tenue en octobre 1990, ont jugé urgente l1a création d'un systéme
mondial d'observation du climat & partir de 1'actuel systdme d'observation de la Veille météo-
rologique mondiale et du Systdme mondial intégré de services océaniques COI-OMM. La surveil-
lance opérationnelle est indispensable pour déterminer le rdéle de 1'océan dans le climat de 1la
plandte. Elle constitun également un préalable A la mise au point d'autres politiques écolo-
giques, nationales et internationales sur des questions telles que la pollution, le développe-
ment des péches commerciales, 1a gestion des zones cdtitres et la prévision météorologique.
Tout systime de surveillance continue de 1'océan doit &tre congu comme un &lément d'un systime
mondfal de surveillance et de prévision des modificationss de 1'environnement. On estime A
plusieurs centaines de milliards de dollars les retombées ¢conomiques do bonnes prévisions.

4 Plusieurs consultations d'experts ont eu lieu et leurs recommandations doivent &tre
soumises au Comité de 1a COI sur les processus océaniques et le climat ainsi qu'd 1'Assemblée
de 1a COI A sa seizidme session, en 1991, Ces recommandations comprennent notamment 1'établis-
sement et la mise A jour annuelle d'un rapport sur les &é1éments déjd existants d'un systime
mondial d'observation de 1'océan.

5 Un groupe d'experts CCCO-CSM sur l1a mise en place du systéme d'observation de 1'océan
est chargé de définir la conception théorique d'un systdme d'observation opérationnelle
destiné A suivre en permanence les propriétés physiques et autres qui détemminent la circula-
tion ocdanique et la réaction de 1'océan aux modifications du climat. Ce groupe achdvera ses
travaux en décembre 1994,

6 Les programmes de recherche climatologique 3 granda échelle, notamment TOGA et WOCE,
ont identifié les observations dont ils ont besoin pour atteindre leurs objecti?s. Bien que
celles-ci puissent changer dans les décennies 3 venir, au fur et 3 mesure qu'augmenteront
notre savoir et nos besoins en connaissances, nous pouvons exploiter 1'expérience acquise par
ces programmes de recherche pour déterminer les premiers paramdtres, processus, phénoménes et
caractéristiques 3 mesurer & long terme. I1 ne nous sera pas possible, compte tenu de
1'urgence actuelle de 1a mise en place d'un systdme mondial d'observation de 1'océan,
d'attendre que les recherches ajent progressé pour entreprendre 1'exécution d'un plan de
surveillance opérationnelle.

7 Le présent rapport récapitule les besoins des programmes existants et prévus de
recherche climatologique 3 grande échelle (TOGA, WOCE, JGOFS, GEWEX, PMDC et programmes
polaires) et décrit les systémes actuels d'observation de 1'océan et de gestion des données de
la COI et de 1'0MM. Ce document, qui est le premier de ce type, ne comprend pas une analyse
des besoins, des points forts et des points faibles, etc. Il est envisagé d'inviter, en 1991,
1a communauté scientifique 3 apporter un concours & de telles analyses et A 1'élaboration de
plans de mise en oeuvre. Les informations figurant dans le présent rapport serviront de base A
ce travail. Les systdmes décrits sont les suivants :
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Veille météorologique mondiale (VMM). Progranme opérationnel international mis en
place par 1'OMM pour rassembler et diffuser des données météorologiques et Tes
donndes correspondantes sur 1'environnement en temps réel & 1'échelle mondiale.
La VMM gdre le Systdme mondial des télécommunications (SMT), qui est un réseauv de
plus en plus automatiséd de circuits point & point de collecte et de diffusion de
données. Son systime mondial d'observation comprend plus de 7.000 navires
recrutés par 49 pays, qui participent 3 un programme d'observation volontaire
pour obtenir des informations de météorologia marine (température superficielle
de la mer, vagues, etc.). Bien que 1a couverture géographique de 1a VMM soit trds
large, olle comporte d'importantes lacunes sur les océans, en particulier dans
1'hémisphdre Sud. Des satellites & orbite polaire ont & ce Jjour été mis en
service par quatre pays et de nouvelles séries de satellites sont en projet ; des
satellites gdostationnaires sont actuellement aussi exploités par quatre pays.

Systimo_ mondial intéqré d rvi rniques (SMISO). Systéme COI-OMM de
collecte et d'échange de données océanographiques (tempdrature superficielle et
subsuperficielle, salinité, courants) en temps réel, qui est exploité conjointe-
ment par la COI et 1'OMM ot fait appel au SMT. Ce systdme transmet annuellement
quelque 40,000 observations subsuperficielles et 5.000 observations concernant la
salinité, Le Programme de navires occasionaels du SMISO repose sur plus de
200 navires qui effectuent des observations et dont beaucoup sont équipés d'un
dispositif de codage et de transmission automatiques que des données par
1'intermédiaire de satellites. D'importants efforts sont nécessaires & 1'échelle
nationale pour assurer une couverture suffisante, en particulier dans les océans
Indien et Austral, sur lesquels les données sont rares.

Systéme mondial d'observation du_niveau de 1z mer (GLOSS). Programme mis en place
par la COI pour fournir des données normalisées sur le niveau de 1a mer (A la
folis en temps quasi réel et en différé) 3 partir d'un réseau mondial da stations.
Sur les 306 stations envisagées, environ 200 fonctionnent actuellement, avec le
soutien de 79 pays. Un certain nombre d'entre elles sont reliées & un systéme
mondial de référence géodésique. Des données sont soumises au Service permanent
du niveau moyen des mers, qui diffuse et analyse les données concernant le niveau
des mers, afnsi qu'aux centres spécialisds de TOGA et WOCE. Des efforts substan-
tiels sont nécessaires pour mettre en plaze et maintenir des stations dans
1'Arctique et 1'Antarctique, ainsi qu'en Afrique et dans les iles reculées.

Activités dans le domaine des bouées dérivant¢s. Gérées par le Groupe de coopéra-
tion COI-OMM pour la mise en oeuvre des programmes de boudes dérivantes. Onze
pays ont & ce jour mis en service quelque 600 bouées, dont 35 & 50 % transmettent
des données en temps réel par 1'intermédiaire du SMT. Cette proportion va en
s'accroissant.

Echange international d donné nographiques (IODE). Programme de la C(OI
qui vellle aux procédures et favorise le diveloppement des services d'échange
international de données océanographiques par 1'intermédiaire d'un réseau de
centres nationaux de donndes océanographiquec, d'agences nationales désignées, de
centres nationaux de données océanographiques responsables et de centres
mondiaux. Au total, 42 pays disposent auvjourd'hui de centres nationaux de données
ou d'agences nationales désignées. La base de donndes océanographiques du Centre
mondial de données contient des informations résultant de plus de
2.250.000 observations effectuées par 61 pays, au nombre desquelles des donndes
provenant de stations océanographiques, des observations bathythermographiques,
des données biologiques et de géologie marine ainsi que des mesures de routine.
La COI a é&galement mis en place un Systdme d'accés aux données et informations
sur le milieu marin (MEDI), guide des sources de données qui décrit les séries de
données accessibles dans les différeants centres de données. La COI et 1'OMM
prennent actuellement des dispositions, par 1'intermédiaire du SHISO et de
1'IODE, pour créer une base mondiale de donntes et d'information océanographiques
compléte capable d'alimenter ponctuellement le Programme mondial de recherches
sur le climat et les programmes nationaux.
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(vi) Le Programme c¢climatologique mondial. Encourage, sous les auspices de 1'0MM, 1les
recherches coordonnées & 1'échelle internationale et la surveillance des variz.-
tions et changements climatiques, y compris un projet de détection des change-
ments climatiques, lancé en 1989,

Le Progranme des Nations Unies pour 1'environnement (PNUE), la COI et 1'OMM mettent
actuellement au pofnt un plan directeur pour 1a surveillance A long terme des zones cdtidres,
qui contribuera aux efforts déployés pour déterminer les modifications du climat et leurs
répercussions. Au nombre des paramdtres suivis figureront des variables physiques, chimiques
et biologiques. I1 sera, dans toute la mesure du possible, fait appel aux données provenant
des systdmes existants.

Les divers programmes internationaux appelés a participer au Systime mondial d'observa-
tion de 1'océan apparaissent & la figure 1. Si 1'on examine 1a situation des actuels systémes
intergouvernementaux de surveillance continue, on se rend compte qu'il existe d'importantes
lacunes dans ce qui devrait 8tre 1a couverture de base. Les contributions fournies actuelle-
ment par les Etats membres et les institutions nationales (plates-formes océaniques et données
transmises aux fins de 1'échange international) permettent 1a mise en ocuvre de 30 & 50 % des
plans définfs pour le SMISO, le GLOSS et les boudes dérivantes. I1 existe toute une panoplie
de plates-formes opérationnelles et de recherche exploitéss par des agences et des programmes
dont 1a mission et les besoins diffdrent, d'ol 1a nécessit¢ d'un systime global et {intégré. I
faut disposer de capteurs océanographiques pour les satellites en projet, accroitre le nombre
des boudes dérivantes, achever 1a mise en place du réseau de marégraphes prévu et étendre la
couverture par XBT. Les systdmes nécessaires pour offectuer des mesures biologiques ou
chimiques de routine ne sont pas encore en place. I1 faut également porter une, attention
notable & Ya gestion des données. Enfin, {1 faut définir des normes et assurer une formation
en matidre de traitement, de orésentation, d'archivage et d'échango des données'tdlprodutts
océanographiques.

Etant donné 1'échelle des colts d'exploitation d'un uaondial d'ol‘ltion' de
1'océan, {1 convient de le planifier minutieusement en tirant p 15 os-hibents 2L de
tous les apports possibles. Ce syst2me exigera que des services océanographiques opérationnels
soient mis en place au niveau national et qu'ils travaillent en étroite collaboration avec les
services météorologiques nationaux. I1 s'agit par définition d'une action qui ne saurait &tre
menée qu'en faisant appel & des moyens intergouvernementaux., En sa qualité d'agence océanogra-
phique des Nations Unies, la COI en assure la direction. Une étroite coordination doit
s'instaurer et &tre maintenue avec les activités de surveillance continue du climat et de
1'environnement de 1'OMM et du PNUE. On ne saurait trop souligner que les Etats membres
devront prendre de nouveaux engagements majeurs et qu'ils devront tous profiter des retombées
régionales et mondiales de cette action.
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RESUMEN EJECUTIVO

Este informe da cuenta del estado de aplicacién de los sistemas intergubernamentales de
vigilancia de las variables ocednicas. Es una recopilacidén de informacién concebida como un
primer paso hacia el desarrollo de un sistema de observacién mundial del océano a largo plazo,
infciativa que se estd emprendiendo para atender a la demanda mundial por 1o que hace a un
conocimiento mis cabal del comportamiento del océano y su papel en el ambiente mundial.

En respuesta a 1a resoluctdén de la Asamblea General de las Naciones Unidas sobre la pro-
teccién del clima mundial para las generaciones presentes y futuras de la humanidad y en res-
puesta a subsiguientes recomendaciones formuladas por los Grupos de Trabajo del Grupo Intergu-
bernamental de Expertos para analizar el Cambio Climitico, 1a Comisién Oceanogrifica Intergu-
bernamental (COI) ha comenzado a desarrollar un Sistema Mundial Integrado de Vigilancia de los
Océanos (Resolucidén XV-4 de la 15a. Asamblea de 1a COI, julio de 1989), con la cooperacién de
la Organizacién Meteoroldgica Mundial (OMM). E1 Consejo Ejecutivo de la COI en su 23a. reunidn
aprobé en 1990 la Resolucidn XXIII-5 en que pide 1a preparacidén de un informe sobre los requi-
sitos necosarios para un sistema de observacidén de los ocdanos.

En Yas sesiones clientificas y técnicas de Ya Segunda Conferencia Mundial sobre el Clima de
octubre de 1990 so definié 1a necesidad urgente do crear un sistema mundial de observacién del
clima sobre la base del actual Sistema Mundial de Observacién de la Vigilancia Meteorolégica
Mundial y el Sistema Mundial Integrado de Vigilancia de los Océanos (COI-OMM). La vigilancia
oparacional es requisito indispensable para determinar o1 papel del océano en e} clima de la
Tierra, y es necesaria asimismo para formular en el plano nacional e internacional, otras polf-
ticas ambientales como las relacionadas con la contaminacién, el fomento de las pesquerfas
comorciales, la ordenacidén de las zonas costeras y el prondstico meteoroldgico. Un sistema de
vigilancia del océano se deberfa considerar un componente de un sistema mundial de vigilancia y
previsién del cambio ambiental., Se estima que los beneficios econémicos de previsiones correc-
tas en este dmbito ascienden a varios centenares de miles de millones de délares.

Se 1levaron a cabo varias consultas de expertos, que formularon recomendaciones para remi-
tirlas al Comité de la CO'. sobre Yos Procesos Ocednicus y el Clima y a 1a Asamblea de 1a COI en
su 16a. reunién en 1991. Entre las recomendaciones figuran la preparacién y la actualizacién
anual del informe de situacién sobre los elementos existentes de un sistema mundial de observa-
cién de los océanos.

Se ha encargado a un Panel JSC-CCCO para el Desarrollo del Sistema de Observacién de los
Océanos (00SDP) que disefle un sistema operacional de observacién para vigilar las propiedades
fisicas y de otra fndole que determinan la circulacién ocednica y la reaccién del océano al
cambio c¢limatico. EV Panel concluird su labor en diciembre de 1994.

Los programas de investigacidén climitica a gran escala, antre los cuales figuran TOGA y
WOCE, han determinado las exigencias en materia de observacién que se deben reunir para que
puedan lcgrar sus objativos. Aunque es posible que tales exigencias cambien en las préximas
décadas a medida que aumenten nuestro conocimiento y nuestra necesidad de conocimientos, pode-
mos aprovechar la experiencia obtenida gracias a estos programas de investigacién para ectable-
cer los pardmetros, los procesos, los fenémenos y las caracteristicas iniciales que se han de
ir midiendo a largo plazo. La dactual urgencia de contar con un sistema mundial de observacién
de los océanos no nos permitird esperar que se realicen nuevas investigaciones para iniciar la
ejecucién de un plan de vigilancia operacional.
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7 En este informe de situacién se exponen las exfgencias de Vos programas de investigacidn
climitica de gran escala existentes y previstos (TOGA, WOCE, JGOFS, GEWEX, PMOC y programas
polares) y una descripcién de los sistemas existentes de observacién y gestidn de datos ocedni-
cos de 1a COI y lTa OHM, Se trata del primer informe de esta indole y no incluye un an&lisis de
Tas necesidades, de detemminados puntos fuertes y deficiencias, etc. Se prevé que en 1991 1la
comunidad cientifica sea finvitada a participar en 1a realizacién de dicho andlisis y en la
preparacién de planos de ejecucién, sobre 1a base de l1a informacién contenida en este informe.
Los sistemas que en &1 se resefian son los siguientes:

1)

i)

1i1)

fv)

Vigilancia Meteorolégica Mundial (VMM), programa internacional operactonal de la
OMM para acopiar y distribuir en tiempo real datos meteoroldgicos y los datos
ambientales conexos a escala mundial, Este programa se sirve del Sistema Mundial de
Telecomunicacién (SHT), red cada vexr més automatizada de circuitos de punto a punto
para el acopio y la difusién de datos. E1 Sistema Hundial de Observacidn de 1a VMM
cuenta con mis de 7.000 barcos provenientes do 49 patses que participan en un rnlan
de observacidn voluntaria para aportar informacién moteoroldgica marina (397,
oleaje, etc.). Aunque 1a cobertura de superficie de 1a VHMH os extensa, quedan granc-
des vacfos a través de &reas ocednicas, especialmente sn @) hemisferio sur., Hay
4 pafses que estén explotando satélites de dérbita polar y tienen planes para aifadir
més sories de satélites; otros 4 paises estén actualmente utilizando satélites
geoestacionarios,

Sistema Mundial Integrado de Servicios Ocefnicos (IGOSS), sistema COI-OMM de
acopio e Intercambio de datos oceanogrdficos en tiempo real relativos a la tempera-
tura superficial y subsuperficial, a 1a salinidad y a las corrientes, de cuya ges-
tién conjunta se encargan 1a COI y la OMM utilizando o1 SMT. Anualmente se transmi-
ten 40.000 observaciones subsuperficiales y 5.000 de salinidad aproximadamente. EI
Programa de Buques que Colaboran Ocasionalmente del IGOSS cuenta con més de 200 bar-
cos que efectian observaciones, muchos de ellos equipados con sistemas automatizados
para codificar y transmitir los datos automiticamente por satélite. Es preciso que
los paises se comprometan a prestar apoyo cons.derable a fin de lograr una cobertura
suficiente, sobre todo en los Océanos Indico y Austral, dreas de las que se tienen
escasos datos.

E1 Sistema Mundial de Observacién del Nivel del Mar (GLOSS), Programa de la (Ol
para el suministro de datos normalizados sobre el nivel del mar (en tiempo real y en
tiempo diferido) desde una red mundial de estaciones. Actualmente estdn en funciona-
miento unas 200 de las 306 estaciones propuestas, con el apoyo de 79 paises; un
conjunto seleccionado estd conectado con un sistema mundial de referencia geodésica.
Los datos se remiten al Servicio Permanente del Mivel Medio del Mar, que difunde y
analiza ese tipo de datos, y a los centros del nivel del mar de TOGA y WOCE. Serd
menester hacer esfuerzos considerables para establecer y mantener estaciones en el
Artico y el Antértico, en el Africa y en islas remotas.

Actividades de boyas a la deriva, de cuya gestién se encarga el Panel de Coopera-
cién de Boyas a 1a Deriva COI-OMM. En este momento 11 pafses estdn utilizando unas
600 boyas, de las cuales 35%-50% transmiten datos en tiempo real a través del SMT
(esta proporcién va en aumento).
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v) Intercambio Internacional de Datos e Informacién Oceanogréficos (IODE), programa
de la COI que instaura procedimientos y fomenta servicios para el intercambio inter-
nacional de datos ocednicos mediante una red de centros nacionales de datos oceano-
gréficos, f{nstituciones nacionales designadas, centros nacionales responsables de
datos oceanogrdficos y centros mundiales. En total, 42 pafses tienen actualmente
centros nacionales de datos o instituciones nacionales designadas. La base de datos
marinos del Sistema de Centros Mundiales de Datos contiene datos de més de 2.250.000
observaciones de 61 paises, incluidos catos de estacionas oceanogrificas, observa-
ciones de batitermdgrafos, datos biolégicos y de geologia marina, y de mediciones de
corrientes. La*COI ha establecido, ademés, un Sistema de Datos e Informacidn relati-
vos al Hedio Marino (MEDI), gufa de fuente de datos que indica el contenido de los
conjuntos de datos disponibles en los centros de datos. La COI y 1a OMM estén adop-
tando medidas, por conducto del IGOSS y el IODE, para crear una base mundial de
datos ocefnicos oportuna y completa en apoyo del Programa Mundial de Investigaciones
Clim&ticas y los programas nacionales.

vi) El Programa Mundial sobre el Clima promueve, bajo los auspicios de Ya OMM, 1la
investigacidn y la vigilancia -coordinadas internacionalmente-~ de las variacionas o
los cambios climiticos, fincluido un Proyecto de Deteccién del Cambio Climitico
iniciado en 1989.

E1 Programa de las Naciones Unidas para el iledio Ambiente (PNUMA), Ta COI y la OMM estén
desarrollando un plan rector para la vigilancia a largo plazo de la zona costera, que contri-
buird a los esfuerzos encaminados a evaluar el cambio clim&tico y sus repercusiones. Entre los
parémetros se incluirdn variables fisfcas, quimicas y biolégicas. Se utilizarfan al méximo los
datos de los sistemas existontes.

En la Figura 1 aparecen los diversos programas internacionales que participarén en el
Sistema Mundial do Observacién de los Océanos. Al examinar el alcance do la vigilancia actual
por parte de los sistemas intergubernamentales existentes, se pueden observar lagunas conside-
rables en 1a cobertura indispensable. Las contribuciones actuales de los Estados Miembros y de
Tas 1instituciones nacifonales -en forma de plataformas ocednicas y datos transmitidos para
intercambio finternacional- permiten aplicar entre 30% y 50% de los planes establecidos para
160SS, GLOSS y boyas a la deriva. Dada la gran variedad de plataformas operacionales y de
investigacién cuya gestién corre por cuenta de organismos y programas que tienen diferentes
misiones y nzcesidades, es preciso establecer un sistema integrado que 1o abarque todo. Se
necesitan rensores oceanogréficos para los satélites previstos, hay que fondear mis boyas a la
deriva, completar l1a red propuesta de maredgrafos y expandir la cobertura de comprensién XBT.
En este momento no hay sistemas instalados que permitan efectuar mediciones bioldéaicas o quimi-
cas de rutina. También la gestidn de los datos exige especial atencién. Es menester fijar
nommas e impartir formacién en tratamiento, presentacién, archivo e intercambio de datos mari-
nos y productos de los datos.

Dada 1a magnitud del gasto que supone el funcionamiento de un sistema mundial de ebserva-
cién de los océanos, la planificacién ha de realizarse con sumo cuidado, aprovechando al médximo
Ta competencia y la participacién. Para ese sistema hard falta crear serviclos oceanogréficos
operacionales en el plano nacional, y que dichos servicios trabajen en estrecho contacto con
los servicios meteorolégicos nacionales. Por definicién, uvs un esfuerzo que sélo se puede
emprender con medios intergubernamentales. La Comisidn, en su calidad de drgano competente en
asuntos ocednicos dentro del sistema de las Naciones Unidas, estd ejerciendo el liderazgo,
teniendo prasenta el imperativo de desarrollar y mantener una estrecha coordinacién con las
actividades de vigilancia del clima y del medio ambiente de "a OMM y el PNUMA. Nunca se insis-
tird bastante en Ya necesidad de que los Estados Miembros renveven y refuercen su compromiso, y
participen todos ellos en beneficio regional y mundial.
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KPATKOE W3JIOXEHUE

B nacrosmeM noKnane COAGPXHTCA AOKYMEeHTanbHas HMHOpMALHUA O
Xone pasBHTHS MEXNPABHTENIbCTBEHHLIX CHCTEM MOHHTOPHHI'A lNepeMeHHbIX
napaMeTpos okeaHa. OH nmpencTaBlisseT CO60H MOMNBOPKY CBedeHHA B KayecT-
Be nepBoro mwara B pgene co3paHHA AONIOCPOUHOH rino6albHOM CHCTEeMbl Ha-
6nioaeHus 3a OKeaHOM, Kak MHHUHATHBE, MNPeANpPHHMMAEMOH C lelbl yaoB-
JleTBOPeHHst omymaeMblX BO BCeM MHpe norTpebHocTeil B AyuymeM NOHUMAHHUH
XH3HH OKeaHa H ero poJiIH B I'NO6aJibHON OKpyxawmeid cpene.

B coorBeTCcTBUH C pe3onwuHeR 'eHepalbHONH Accam6nen OOH 06
"Oxpane MHPOBOr'O KJiHMaTa IJisl HBHEWHero u 6yAYMHX MNOKOJIeHHi# uejyloBe-
yectBa" W nocnenywmMMy peKOMEHAAUHAMH, NpelNIOXeHHHIMH Pab6ouuMu rpyn-
naMH MexnpaBHTeNbCTBCHHOM I'PYINb 3KCHNEPTOB 0 HxMEHEHUW KiHMaTa,
MexnpaBuTenbcTBeHHas oKeaHorpaduueckas kKoMHccus (MOK) npucrTynuna x
CO3NaHHKW Bceob6beMnwmen 'nob6anbHOM cHcTeMbl HAGNWAEHHUSI 3a OKeaHOM
(Pesonwunsa XV-4 Accambneu MOK, wuwonb 1989 r.). BcemMHpHas MeTeopojo-
rpueckas opranuzanusa (BMO) corpyanuuaer ¢ MOK B ocymecTBJIeHUWH 3TOM
HHHLHATHBE. [ABaauatTh TpeTbss ceccus HcnonuurenbHoro coseta MOK B
1990 r. npunsana pesonwuuw XXIII-5, NpH3LIBaAKLYHW MNOACOTOBHThH NOKNan
O TpeloBaHHAX, NpPenbsBIsEMbIX X CHCTEeMe HaGJIoNeHUsI 3a OKeaHoM B
KpaTKOCpPOUYHOM MJaHe.

B xXopme Hay4yHO-TeXHHMUECKHX CeCCHA BTOpOH BCEMHPHOH KiHMaTH-
YeCKOH KOHbepeHHUHH, cocTosBUelicss B OoKTAG6pe 1990 r., 6wna BhisIBNEHA
HacyMHAass MOTPE6HOCTb B CO3JaHMH I'No6anbHOW CHCTEMbl HaGJIIOAEHHS 3a
KnIHMMaTOM Ha OCHOBe cyuecTByWlledH I'nmo6ajnbHOfl cCHCTeMb Hab6hnwaeHus Bcece-
MHPHOR cany%6bl noronsl ¥ O6beOHHEHHON I'Jlo6anbHON CHCTEMbH OKeaHHUECKHX
cnyx6 MOK/BMO. OnepaTHBHbIY MOHMUTOPUHI SIBASETCA NPEANOCHUIKOR nns
onpeneyieHHUss poJIM OKeaHa B OTHOWEHHH knuMaTa 3eMiIH. MOHMTOPHHI' TakKe
Heo6XoaHM ANA paspa6OTKH APYIHX ACMEeKTOB HAallHOHAJNbHON ¥ MexpgyHapon-—
HOM TMNOJIMTHKH B OTHOWNEHHM OKpyXawmeH cpensl, TakHX, KaK 3arpssHeHHe
cpenbl, pa3’BHTHE KOMMEpPUECKOI'O pbi6OJIOBCTBA, OCBOEHHE MNPUBPEeXHOH 3O0HbI
W NporHosHpoBaHHe mnoronsl. CHcrTeMa MOHHMTOPHHI'A OKeaHa HoJiXHa pac-
CMaTpHBaTbCsl B KaveCTBE KOMIOHEHTA r'ino6albHOA CHCTEeMbl MOHMTOpPHHrAa
H NPOrHO3HPOBAHHWA H3MEHEHHs OKpyXawmen cpenbl, JDKOHOMHUYeCKAsa MNOJb3a
afeKBATHBIX TMPOIHO30B HCUHCIIAGTCSA B HECKOJBKO COTEH MUJIHAPAOB
nonnapos.

CocToANOCh HECKOJIbKO KOHCYNbTaUWA DKCNEepTOB, peKOMeHOaluHu
KOTOPpPHIX mpeaycMmarpuBaeTcs npencTaBUTbh KomuTery MOK nmo OKeaHHUECKHM
npoueccaM M KnuMaTy H mectTHapuatTon ceccuu Accambned MOK B 1991 r,
PekoMeHAaUHH BKJIKNUYAKT MOLATOTOBKY M e€XerofHOe O6HOBJIeHHe HnokKjaga o
NMOJIOKEHHH Aen B OTHOUWEHHH HMEWMHXCS KOMIIOHEHTOB I'JIO6aNIbHOH CHCTEMb!
HaGNMOOeHHA 3a COKeaHOM.

I'pynne no pas3BUTHI CHCTEMbl HaGJoOneHUss 3a oKeaHoM KKHO~OHK
NOpy4YeHO pa3pa6oTaTh KOHUENTYAaJIbHLA NpOeKT OrnepaTHBHON CHCTEMb!
HaGNWOOeHUsT ANl MOHHTOPHHra QPH3HUECKHX U HHBX napaMeTpoB, KOTOpbie
onpenenswnT UHPKYNALHI OKeaHa H ero peakuMl Ha H3MeHeHHe KiIHMMaTa.
OHa sapepunT CcBOW pa6oTy B pnexkabpe 1994 r.

B paMKax KpYMHOMACHTaGHBIX NMporpaMM H3yuYeHHs KIMMaTa, BKIKYas
TOCA 1 BOCE, 6binu onpeneneHbl MOTPEGHOCTH B HABNIWOCHHAX INSA ROCTHXe-
HHA HUX uenefi. XOTsA B NpenCTOAMHE NECATHNETHS NOTPEeGHOCTH MOPYT H3-—
MEHATbCA MO0 MEpe pacmHpeHuss HallWX 3HAHHR HIKH HANHX MOTpebHOCTeH
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B 3HAHHAX, Mbl MOXEM MCIONb30BaTh MNPHOBGPETEeHHbIl C MOMOmbKH 3THX HC-
cllenopaTelIbCKUX MPOTrpaMM OMBT AN yCTaHOBJIEHHS nepBoHauvaybHBIX napa-
METpOB, INPOLECCOB, ABJIEHUN H XAPAKTEPHCTHK, lOAJEeXalHX H3MEPEeHHI B
IIONrOCPOUHOIl MepcrnekTHBe. HbuHemHAA ocTpas NMOTPEeBHOCTb BO BCEMHPHOH
cHcTeMe HafJlofeHHss 3a OKeaHOM He TNO3BOJNMT HAM AOXHAATHLCA pes3ylbTa-
TOB JajibHEeANHX HCCIIeNOBAHUR ANS Mepexojla K OCymecTBJIeHHW njaHa one-
PAaTHBHOIO MOHHTOPHHIA.

B naHHOM nokKnane o NMONOXEeHHH nen conepxarcst o6obueHHble cBe-—
OSHHA O TMOTPEOGHOCTAX B pPaMKax CYMECTBYWHHX HIM nnaHWpyeMbliX KpYMHO-
MacmTabHbX nporpaMM uaydyenusa xnumara (TOCA, BOCE, NxI'0®C, T'EBEKC,
BIKO ¥ noasipHble nporpamMmMbl) , a Takxe ONHCAHHE CYNEeCTBYWIHX CHCTEM
MOK u BMO no Ha6awIeHHW 3a OKeaHOM W ynpaBJicHHI0 RaHHLIMU, OH aABjs~-
eTCsl NepBbiM NIOKJNAJAOM TAaKOro pola H He COAEpPXHT analnnsa norpeéHocre#t,

KOHKPETHBIX CHJIbHBIX H cJlabbiX CTOPOH H T.N. llpenycMaTpHBaeTCcs, UTO
B 1991 r. nayuyHoMy coob6llecTBY 6VyileT NpenlloXeHO yvyacTBOBATL B MNpoO-
BEACHHU TaKOrO aHaJlii3a M B pa3paboTKe MIAaHOB JUis _AanbHERAmWEro ocy-
mecTBiEHHs. Conepxawasics B HacTosinleM JloKjage HHopMauusas éyner
HCMNONL30BaThCsl B KauyeCcTBEe OCHOBH. 34eCchb OINHUCHBAKTCA caenywmue
CHCTEMbI:

(i) BcemunHaa cnyx6a noronsl (BCI) - MexnynaponHasa ornepa-
THBHaA nporpamMma BMO no céopy M pacnpocTpaHeHHI MeTe-=
OpOJIOPHUYECKHX H CMexXHbIX HAaHHBIX [0 OKpyxawmle# cpene B
peanbnoM MacumtTabe BpeMeHH Ha rjo6albHoM ypoBHe. llon
ee srupof penctrsyeT ['notanbHasi cHCTEeMa TENEKOMMYHH-
kauuu (I'CT), npencrapnsinmasa coboft Bce 6oliee aBTOMa-
TH3IUPYEMYI0 ceThb NnoclenoBaTelibHbIX JHHHA CBsISH And
céopa M pacripocTpaHeHHa AaHHMX. Ee I'no6anbHaa cHcTeMma
Ha6nonennst sxnouaer 7 000 kopab6lned, NpenoCTaBNEHHHIX
49 crpaHaMu, KOTopble yuyacTBywT B CHCTeMe HOGPOBOIJo-
HOr'O HAGBNIOOCHHUA B LelssxXx obecnevdeHHss MOPCKOH MeTeopo-
noruueckoi uudopManuy (BKnwuas TIM, BOJHB K T.M.).
Xorsa BCIl npoBOAHT oGWHpHble HaO6NWOeHHsT 3a NMOBEPXHOCTLHIO,
CYmecCTBYWT 3HauUuTeJibHble Mpo6enb B pas3nHuYHBIX paHoHaX
OKeaHa, OCOBEHHO B HXHOM MONymapHH. YeTspe CTpPAaHb
HCMONb3YWT CNYTHHKH HA MNOJIAPHBEIX OPOHTAX H HMeWwlCs
nnaHel B OTHOMEHHH ROMONHUTEJNbHBIX CepPHH CIYTHHKOB; B
HacTosAmee BpeMsi YeTbhlpe CTpaHbl Takxe HMeWT reocTrauHo-
HapHble CIMYTHHKH.

(ii) OévpenuHenHas rjo6ajibHAL CHCTeMa OKEaHHUECKHX CIYyX6
(orcoc) - cuctema MOK-BMO nnsa c6opa H o6MeHa OKeaHO-
rpapHuecKHMU nAaHHbIMKU (TeMmrnepaTypa H COJIEHOCTh Ha
NMOBEPXHOCTH BOABl H B MOAMOBEPXHOCTHOM Clioe, a TaKxe
OaHHble O TeuyeHUsX) B pealibHOM Macmrabe BpeMeHH, KOTO-
pas ynpaBnsierca coBMecTHo MOK # BMO ¢ ucrnonb3oBaHueM
I'CT. ExXerogHo nepenawTcs pes3ynbTaTh NPHOGJTH3UTENbHO
40 000 nonnoBEepPXHOCTHLIX Ha6nwpeHuit ¥ 5 000 nsMepeHu#
coneHocTH. [lporpaMMa HOGPOBOJIbHBIX cynoB OI'COC oxBa-
ThiBaeT 6onlee 200 npoponsmHUx Ha6GlWwAeHHe CYNOB, MHOrHe
H3 KOTOPHIX CHa6XeHbl KOMNbHTEPHBMH CHCTeMaMH NJisi aBTO-
MaTHYECKOI'O KOOMPOBAHMS H NepenauyH HaHHBX depes CnyrT-
HHK. Dnsa o6ecneudyeHHUA Hangnexamero oxsara pafOHOB, IO
KOTOpPhIM HMEWTCs1 CKYyNHble naHHele, ocobeHHo B HHAHACKOM
OKeaHe M HXHbX OKeaHax, Tpe6yeTcss 3HauUHTeNnbHOe comer-
cTBHEe pa3NHUHBX CTpaH.
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(iii)

(iv)

(v)

(vi)

'mo6anpHas cHCTeMa HaGJWASHUA 3a ypoBHeM Mopsa (IVJIOCC)-
llporpamma MOK rno o6ecnedeHH CTAHAAPTH3OBAHHBIX HAHHBIX
06 ypomHe Mopsa (Kak B peanbHOM MacmuTabe BpeMeHH, Tak
H B pexuMe 3alepXKH), nosyuvaeMblx OT rnobanbHOM ceTH
cTaHllHii. B HacToamee BpeMsa MpPH noanepxke 79 cTpaH
nencreyeT oxono 200 us npeanoxenHnmx 306 cranuun., Or-
llenbHass rpynna craiuufi coenHHeHa c rjodanbHON reone-
3HYeCKON crnpaBouHON cHcTeMol,., llaHHble NepenawTcs B
[locTOAHHYIO CnyX0y cpeaHero ypoBHS MOpfi, KoTopas pac-
NPOCTpAaHAET W AHANH3HpPYET nanHsle o6 ypoBHE MOpsi, a
TaKxXe B LEHTPH 1o ypoBHIO MopA TO'A uy BOCE. Tpeb6ywTcs
3HAUHTEJIbHbIE YCHIHA 1Nsl CO3HaHUsd H obecneueHHss paboThl
CTaHUHA B apKTHUECKOM M aHTapKTHUECKOM paHoHax, a
TakXe B AdpHKe H Ha OTHAJNIEHHBIX OCTpOBax.

Meponpusarusa c apeid¢ywmuMH 6YsSIMH - OCYMECTBJSWNTCS

Ipynnoft coTpynHHuecTBa no nperdyomuM 6ysam MOK/BMO.

B nHacTosamee BpeMa 1l crpaH ob6ecneudBawT paboTy npH-
MepHo 600 6yeB, npHueM 35-50% paHHBIX nepenawTCs C HHX
B peanbHOM Macurate BpeMeHH uvepe3 I'CT., IT1oT nokasa-
Teslb BO3pacTaer.

MexnyHaponueii o6MeH OKeaHorpaduueCcKHMH HaHHbIMH

(Mool) - nporpaMma MOK, koTopas o6ecneudBaeT npoueny-
pbl M cos3paeT YCHOBHA AN MeXAyHaponHoro otMeHa OKea-
Horpa¢HUeCKHMH NAaHHBIMKH Uepe3 ceThb HAUHOHAJBbHBIX LEeHT-
pOB oOKeaHorpad¢HUeCKHX HAHHBIX, BbIAEJIEHHbIX HALHOHANbL-—
HbIX yUupexmeHuit, OTBETCTBEHHbHX HaUHOHAJNbHLIX LEHTPOB
oKeavorpadHUeCKHX HaHHBIX W MHPOBHIX LUEHTPOB. B uenom

B Hacrosamee BpeMs 42 cTpaHb pacnonaralnT HallKOHalb-
HEIMH UEeHTPAaMH HaHHBIX HJIH BbIAEJIEHHLIMH HalHOHAaNbHbLIMHK
yupexneHHAMH. Ba3bl OaHHLIX O MOPCKOHR cpelle CHCTEMb
MHPOBLIX LEHTPOB HNaHHBIX copepXaT AaHHbe, MNOJIYUYeHHbe

B pesynbTaTtTe 6onee uem 2 250 000 na6nionenust B 61 crpa-
He, BKAwuYasy naHHele OKeaHoOrpadHueCKHX cTaHuui, 6aTH-
TepMorpaduyecKkue HaONWAEHHSI, OHOJOCHUECKHEe H MOPCKHE
reoflIOrrHYEeCKHS NRaHHble, a TakKkXe H3MepeHHA TeudyeHHR., MOK
paspagorana Takxe CrpaBOUHYW CHCTEMY [0 HCTOUHHKAaM
HOaHHbBIX H HHOOpMauuH O MOpckoil cpepne {MEIOHW), npemncras-
NAKMy0 CO60H PYKOBOACTBO MO HCTOUYHHKAM NOaHHBIX, B KO-
TOPOM OINHCHIBAKTCSI HAGO0pPH AAHHBIX, HMewmHecss B LUeHTpax
nadHex. MOK H BMO nposopsit Meponpusitua udepes OI'COC u
MOOL c uenbi cospgaHMs rnobanbHoi 6asb akKTyanbHbIX H
MONHBIX HNaHHBIX W HHbOpMAUHHM O6 OKeaHe B MOANEDKKY
BceMHpHO# nporpaMMbl UCclefOBaHHA KJiKMaTa M HAUHOHANb-
HBIX lporpamMm,

BceMHpHasi KnuMaTudyeckasl rporpamMMa - copgencTByeT rion

sruaod BMO npoBefieHHKH KOOPOUHHMPYEMBIX Ha MexnyHapon—

HOM YpPOBHe HCCJIeJOBAHHH M MOHHUTOPHHIr'a KOjeb6aHHA HIH

H3MeHeHHH KnuMarTa, BKiawuvasa [poeKT onpepeneHust KauMma-
THUECKHX HM3MeHeHH#, HauaTwii B 1989 r.
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llporpamMMa Opranvsanun O6benuHenHslx Haluuit no oxkpyxakmen cpe-
ne (IOHEN), MOK u BMO paspa6aTsiBawT OCHOBHOM MMNaH HONCOCPOUHOI'O MOHH-—
TOPHHI'a B MNPHOGPEXHON 30HEe, KOTOpLIH 6yneT conefcTBOBATb MEPONPHSITHAM
MO OlleHKe KNIHMaTHUYEeCKHX H3MEeHeHHH H KX oclenctTBHH, B KauecTee na-
paMeTpoB npenycMaTpHBAWNTCA PH3HUECKHE, XUMHUECKHEe K O6HoJlorHueckue
nepeMMeHHole. B MakcHManbHO BO3MOXHOR cTeneHM 6ynyT HCNoab3o0BaThCH
HaHHbBle, nonydvyaeMble OT CYHECTBYWUHX CHCTeM,

KoMnnekc MexayHaponuex rnporpaMm, rnomiexailix BKIWYEHHI B
Fno6anbHyw cHcTeMy Ha6NWAEHHST 3a OKeaHOM, MNpencTaBsieH Ha cxeMme 1.
Ilpy paccMOTpPEHHH MaclTa6oB HbHENHEro MOHUTOPHHIA, OCYMECTBNSAEMOro
HMEKWDNHMHCA MexXNnpaBHTEJIbCTBEHHHIMH CHCTEMaMH, MOXHO yBHAOeTh cymecT-
BeHHble NnMpob6ensl B BecbMa BaXHbBIX TpebyeMhx oxsaTa cédepax. HoiHemHue
BKJlanbl TOCYNAPCTB-WICHOB M HalMOHANBHHIX yupexneHudt (B BUOEe OKeaHH-
HYeCKHX mnnaTdopM H HaHHLIX, NepepaBaeMblXx IJist MexnyHapomHoro o6MeHa),
nosponAT ocymecTsnsaTbh oT 30 no 50% ycTaHoBJeHHbX nnaHoB aAns OI'COC,
IOCC u npefidyrmux 6yen. HMeeTcss MHOKECTBO Pa3JIHUHBLIX ONEPATHBHBIX H
HcenenoBaTeNbCKHX nuaTdopM, HCNONb3YEMBIX YUpPeXOeHHsIMH H NnporpaMmMaMu
C pasJIHUHBIMH 3anavyaMd ¥ Tpeb6OBaHUMAMH, UTC OOYCNOBAUBAET MNOTPEGHOCTH
BceoGbeMnwmen, KOMIJIEKCHOR cucTembl, HeobBxonuMel oKeaHorpaduuyeckue
NaTUHKH I HNJaHUpYyeMblXx CNYTHHKOBLIX onepaunf; Tpe6éyercss ycTaHOBKa
OOIIOJIHHTENIbHO apeddywuux 6yeB; HYXHO 3aBepliuTh cCO3NaHHe npenyioKeH-
HOM ceTH Mapeorpa¢oB M clenyer pacuwpurb Macurabs oxspata OBT. B
HacTosllee BpeMsi CcO3HaHel CHCTeMbl AN NPOBEeNEHHUA TeKyuHx 6GHonoruyec-
KHX MK XHMHUYETKHX H3MepeHHH. 3HauuTellbHOe BHUMaHHe clenyeT ynensaThb
TaKXKe ynpasJjieHHI0 NaHHbMH. Heo6xXoaHMO YCTAaHOBHTb HOPMATHBHL H ob6ecne-
YHTb IOArI'OTCBKY KAanpoB B O6JlaCTH pas3pabOTKH, NpedCTaBJIEHHA, apXuBa-
UHK H Oo6MeHa HNaHHBIMH O MOPCKOA cpefe W NPOAYKTAaMH OAaHHBIX.

BBHAY Or'pPOMHBIX pacxonoB, CBA3AHHBX ¢ (YHKUHOHHpPOBAHHEM Bce-
MUPHOR cHCTEeMb! HabllloaeHUss 3a OoKeaHOM, IIJIAaHHPOBaHHe MONXHO NPOBO-
AUTbCA BeCbMa OCMOTPHTENbHO C HCMNONb3OBAHHEM WHpovafmero yuacTHS
fonbmoro Kpyra TaJJaHTJIUBHIX nwaen. OAna 3To# CHCTeMbl NMoTpeodbyeTCs
co3laHHe Ha HalUHOHAJNIBHOM YPOBHE OMNepaTHBHLIX OKeaHoOrpadHUeCKHX CRYyX6
K obecnevyeHye TOro, 4YTOG6H OHHM TEeCHO B3aUMoOOeNCTBOBAJKM C HAUHOHAJb-
HbIMH METeOopOoJIOrHUeCKHMH cnyxéaMu. C yueTOM caMOr'o XapaKrepa 3TOH
nesiTeNnbHOCTH OHA MOXeT O6LITh npoBelieHa JNHMb C HCMOJNb3O0OBAaHHEM Mexnpa-
BUTENbCTBEHHbIX CpedcTB. fBNAsACb OKeaHorpaduueckuMm opraHoM OpraHusa-
UMy O6benvHeHHbx Hauuit, MOK obecrieunBaeT pPYKOBOACTBO B 3TOH O6JNacCTH.
Heo6xoauMO pas3BHBaATb H NMOANEPXHBATHL TECHYK KOOPAHHALHK C MeponpHa-
THusaMH BMO u IOHEI B o67acTH MOHHTOPHHIrA KJHMaTa ¥ OKpyXawme# cpensi.
HeBO3MOXHO MepeoUeHHUTbh HEO6XOAHMOCTb TOr'O, UYTO6H rocymnapcrBa-uiieHbl
BHOCHJIH HOBBIH KPYNHBHIA BKJad H 4YTOO6b BCe rocynapcTBa-4dJieHbl NMPHHHMANH
y4yacTHe B 3TOH HeATEeNbHOCTH B PerHOHAaNbHBX W rnobajibHBIX MHTEpecax.
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The Intergovernmental Qceanographic Commission (IOC) at the Fifteenth Session of its Assembly
(July 1989) dccided to initiate the planning of a global integrated ocean observing system in co-opcration with
the World Metcorolugical Organization (WMO) and other appropriatc UN organizations as part of a global
system for monitoring and predicting environmental change. The WMO has supported this initiative in
connection with requircments for global climate studics and assessments, The IOC Exccutive Council in
March 1990 adopted a further resolution emphasizing the urgency of such an initiative and requested a status
report on the immediate requircments for an occan obscrving system as well as a plan to meet these
requircments and an analysis of the problems foresecn in the implementation of a long-term systematic ocean
observing system, The following report is a first step in responding to this request. It is a collation of
requircments from existing and planned large-scale climate rescarch programmes and a description of I0C
and WMO-sponsored occan observing and data management systems. A thorough evaluation nceds to be
done of 1) the cxtent to which existing needs are being met, ii) an identification of steps to take to overcome
present weaknesses, and iii) priority actions to be taken toward establishing a comprchensive system. It is
expected that such work will be done in 1991,

The Intergovernmental Pancl on Climate Change has recognized the nced for systematic ongoing
obscrvations of the global occan and has reccommended the development and implementation of multi-
national systems to dctect and monitor occan and coastal zonc changes and cnvironmental and sociocconomic
impacts of thosec changes, The Scientific/Tcchnical Scssions of the Sccond World Climate Conference
concluded that there is an urgent need to create a Global Climate Observing System built upon the World
Weather Watch Global Observing System and the IOC-WMO Integrated Global Ocean Scrvices System., Both
spacc-based and surface-based components arc needed.

Two papers have been prepared, onc by Prof, R.W, Stewart and the other by Dr. D, James Baker,
on the role of the occan in climate change. Both ecmphasize the nced for development of long-term
systematic obscrvations of the global occan, Professor Stewart 1990 concludes that;

"The ocean plays a key, but frequently understated, role in determining the earth’s climate. Indeed any
possibility of predicting the evolution of climate beyond a few weeks demands that ocean behaviour also
be taken into account. There is great promise that it may become possible to describe and predict many
aspects of upper ocean behaviour with enough accuracy to improve long range weather and fisheries
Jorecasts usefully. This promise can only be realized if appropriate data are collected regularly and
disseminated promptly.

With respect to sensitivity to, and contribution to, long term climate change: there is every reason to
believe that the ocean is now changing, in response to climate changes over the last few hundred years
(tie Little Ice Age). It can be expected to change further as anthropogenic influences Lecome
increasingly marked. The effect of the ocean on the atmosphere could be either to moderate or to
intensify these changes. It will certainly modify them."

In order to develop the global ocean observing system, the IOC established in 1989 the ad hoc Group
of Experts on an Occan Observing System to work in close collaboration with the CCCO-JSC Occan
Observing System Development Panel.  This group mct in September 1990 and made the following
reccommendations which will be submitted to the Fourth Session of the IOC Committee on Oczan Processes
and Climate and the Sixteenth Scssion of the IOC Assembly, both in March 1991,

(i) IOC should propose that an intergovernmental “protocol® (a formal international
agreement) be attached to the Framework Convention on Climate Change to be signed in
1992. This protocol would foster the participation of governments in an occan observing
system,

(ii) A document should be completed to describe the benefits and rationale of a global ocean
observing system as well as elements and general approaches and be provided to I0C and
WMO subsidiary bodies for comment

(iii)  Animplementation plan should be developed in 1991 to support the proposed protocol and
presented to the 1992 UN Conference
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(iv) Initial emphasis should be on strengthening national contributions to present activitics (c.g.,
1GOSS, GLOSS, DBCP, IODE, WWW), accelerating deployment of components of existing
systems with a phased intcgration of ncw technology, satellite and in situ,

) IGOSS and IODE should consider establishing a Global Current Meter Pilot Project to
cmphasize the importance and uses of real-time current data

(vi) An Interagency Co-ordinating Group should be established to facilitate co-ordination of the
occan observing system among relevant groups

(vii) A "status report® should be preparcd on occan observing systems and updated annually,

Effective implementation and maintenance of such a system will demand substantial opcrational
resources from governments beyond those presently committed.  Additionally, better co-ordination among
international organizations and existing international programmes will be nceded in order to avoid duplication
of cffort and to most efficicntly utilize resources.

Several expert consultations have led to the conclusion that initially such a system should concentrate
on thosc variables that arc required to monitor and predict climate change, recognizing that the importance
of predicting change is equally valuable for predicting natural or anthropogenic change. The global occan
obscrving system is conceplually a component of a global carth information system with the immediate
linkage through coupled ocean-atmosphere obscrvation systems and models. Estimated benefits of adcquate
environmental predictions total hundreds of billions of dollars,

Under the joint sponsorship of the UNEP, 10C, and WMO, a draft proposal has been prepared for
long-term monitoring of coastal and ncar-shore phenomena. This system will complement the Global Occan
Obscrving System. It will insure that measurement frequency, spatial resolution, and parameter selection will
be adequate in the arca most likely to be affccted first by anthropogenic influences. It will also complete the
suitc of obscrvations nceessary for global numerical models. The proposal will be considered at a meeting
of experts to be organized jointly by UNEP, I0C, and WMO in December 1990. The 10C Exccutive Council
in March 1990 noted that the plan for a global coasta! zonc observing system should be developed in close
harmony with the global occan obscrving system,

The 10C and WMO Sccretariats acknowledge the contributions made to this report by scnior
scicnlists, including those involved in major large-scale research programmes, particularly TOGA and WOCE,
and by Jol.n W, Sherman, NOAA, who provided cxtensive information on intcrnational satellite plans.

2, PRESENT INSTITUTIONAL STRUCTURES
2.1 INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION

The Intergovernmental Oceanographic Commission (I0C) is a functionally autonomous body within
the United Nations Educational, Scientific and Cultural Organization (Unesco). The purpose of the
Commission is to promote marine scientific investigations and related occan services, with the view to
lcarning more about the nature and resources of the occans through the concerted action of its members.
At present 116 countries arc members of the Commission. These Member States are not necessarily the
Member States of Unesco, since membership of the Commission is open to any Member State of any of the
organizations of the United Nations system.

'The I0C collaborates closely with other iniernational organizations that are interested in aspects of
the oceans and their resources including related devclopment and management aspects. In accordance with
its Statutes, the Commission "shall give due attention to supporting the objectives of the international
organizations with which it collaborates. On the other hand, the Commission may request thesc organizations
to take its requirements into account in planning and executing their own programmes”.

The Commission has been recognized as a joint specialized mechanism of the United Nations system
in the fields of marine science and ocean services. The Commission has been also recognized by the United
Nations Convention on the Law of the Sca as “the competent international organization” for marine scientific
rescarch.
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FAO, WMO, IMO, the UN itsclf and Unesco formalized special responsibilitics of the Commission
through the adoption in 1969 of the agreement on the Inter-Scerctariat Committee on Scientific Programmes
Relating to Qccanography (ICSPRO). Through the ICSPRO Agreement, these organizations took "a step
forward in broadening the basc of the 10C so that the Commission can fuifill its function as an cffcctive joint
specialized mechanism®, Agreements between the IOC and UN Organizations and other co-operating bodics
include:

- Aidc-Memoire on Joint Action by UNESCO and FAQ in the Ficld of Marine Science and
Fishcrics (1968).

- Memorandum of Understanding between the International Atomic Encrgy Agency and the
10C on Marine Environmental Protcction (1982).

- Mecmorandum of Understanding between the I0OC and the International Council for the
Exploration of the Sca (1983).

- Mecmorandum of Understanding between the International Hydrographic Organization and
the 10C (1984).

- Mecmorandum of Understanding between the 10C and the Comision Permancnte del
Pacifico Sur (1984),

- Mcmorandum of Understanding between the International Commission for the Scicntific
Exploration of the Mcditerrancan Sca and the 10C (1984).

- Mecmorandum of Understanding between I0OC and the Scicntific Committee on Oceanic
Rescarch (of ICSU)(1984).

- Principles Governing Co-operation belween Unesco and the International Council of
Scientific Unions (ICSU) on the Development of the Occanographic Componcnt of the
World Climatc Rescarch Programme through the I0C and SCOR (1984).

- Memorandum of Understanding on Co-operation between the United Nations Environment
Programme and the 10C (1987).

Advisory Bodics to the Commission:

- Advisory Commiltcc on Marinc Resources Research (ACMRR)
- Engincering Commiltce on Oceanic Resources (ECOR)
- Scientific Committee on Qceanic Rescarch (SCOR)

Major programmes and working bodics of the I0C arc diagrammed in Figure 2. Co-operation of
10C with other intcrnational organizations on specific programmes and activitics is depicted in Table 1.

In regard to its activities in the ficld of occan obscrvations and data exchange, a function of the
Commission is to "promote, plan and co-ordinate obscrving and monitoring systems on the properties and
quality of the marine environment, as well as the preparation and dissemination of processed oceanographic
data and informetion, and asscssment studies”. Since its establishment in 1960, JOC has been dealing with
the planning and development of elements of a future ocean observing system in co-operation with WMO
and development of an international system for exchange of oceanographic data and information. At present
I0C co-ordinates either alone or jointly with WMO, the following major ocean observing and data
management systems:

0] The Joint IOC-WMO Integrated Global Ocean Services System (IGOSS), a world-wide,
opcrational service system providing physical occanographic data and information for various
marine users (since 1975). (Described further in Scction 4.2)

(i) - The IOC Global Sea Level Observing System (GLOSS) for collection and dissemination of
sea-level data from the international network of GLOSS stations (since 1985). (Described
further in Seclion 4.3)



IOC/INF-833
page 4

(iii)  The Joint WMO-IOC Drifting Buoy programme aimed at promoting the world-wide usc of
drifting buoys for collection and dissemination of marinc mectcorological and some
occanographic obscrvations as a part of global ocean obscrving system (since 1985).
(Described further in Section 4.4)

iv) The Internationat Oceanographic Data Exchange (IODE) which compriscs an international
network of occanographic data centers, international proccdures and forms for data
collection and exchange and provision data/information services to participating countries.
(Described further in Section 4.5).

All occan obscrving and data management systems arc based on the principle of voluntary
participation of Mecmber States in recognition of mutual benefit in such co-operation. Each includes
internationally-accepted procedures for data acquisition and transmission for international exchange, Each
programme also includes data collection in international centers for the processing, analysis and preparation
of data products, to be made available to participating countrics. To support its occan scrvices programmes,
the 10C organizes specific training, cducation, and mutual assistance in the marine sciences and services to
cnable developing countries to participate actively in those programmes and to get maximum scientific and
practical benefit from those programmes.

22 WORLD METEOROLOGICAL ORGANIZATION (WMO)

The WMO is a specialized agency of the United Nations whose basic mission is to facilitate world-
wide co-operation in the establishment of nctworks of stations for taking mctcorological observations as well
as hydrological and other geophysical observations related to meteorology, and to promote the establishment
and maintenance of appropriatc centers and systems. It was cstablished in 1951, superseding a non-
governmental International Mctcorological Organization. The WMO includes 160 Members. Six regional
associations co-ordinate implementation of activities at the regional level,

Rcgional Association 1 - Africa

Regional Association 11 - Asia

Regional Association 11 - South America

Regional Association 1V - North and Central Amcrica
Regional Association V - South-West Pacific
Regional Association VI - Europe

The basic programme of the WMO is the World Weather Watch, initiated in 1961, it is cited as a
unique achievement in international co-opcralion, an integrated global system compesed of nationai (acilitics
and services owned and operated by individual countrics for the collection, analysis, and distribution of
weather and other environmental information.

Eight technical commissions, composcd of cxperts designated uy Mcmbers, address global
implementation aspects and further development of WMO uctivities in specific technical arcas. These include
a Commission for Marinc Metcorology, a Commission for "limatology, and a Commission for Basic Systems
(CBS). The CBS is responsible for establishing and refining codes and formats to permit the rapid and
elficicnt cxchange of large amouiits of data. The WMO organization structure is depicted in Figure 3.

Activitics al the national level are co-ordinated through National Metcorological and Hydrological
Services, which are opcrated by all WMO Members. These organizations provide basic scrvices of
observations, data collection and dissemination; data processing and preparation of forecasts, warnings, and
climatological advisories; and disscmination of forccasts and specialized information to a wide varicty of users.

At the Forty-first Session of the WMO Exccutive Council in June 1989, a resolution (Res, 11) was
passed calling for the development and implementation of a global operational ocean observing system to be
undertaken jointly with [OC. A timetable was requested as well as a list of actions to be undertaken within
available budgctary resources.

Relevant activities of the WMO are described in Section 4.
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23 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

The Intergovernmental Pancl on Climate Change (IPCC) was formed by the United Nations
Environment Programme and the WMO in 1988 to provide a basis for the development of a realistic and
cffective international strategy for addressing climate change. Reports of the three IPCC Working Groups
have been completed; independent conclusions of cach group call for an ocean monitoring programme in
order to narrow the uncertaintics, address the impacts, and respond to them. In the June 1990 report catled
"Scicntific Asscssment of Climate Change" prepared by Working Group 1, the Introduction describes the role
of the occan;

"The oceans play a cential role in shaping the climate through 3 distinct mechanisms. Firstly, they
absorb carbon dioxide and exchange it with the atrmosphere. Secondly, they exchange heat, water vapour,
and momentum with the atmosphere. Wind stress at the sea surface drives the large-scale ocean
circulation.  Water vapour, evaporated from the ocean surface, is transported by the atmospheric
circulation and provides latent heat energy to the atmosphere. The ocean circulations in their tum
redistribute heal, fresh water and dissolved chemicals around the globe. Thirdly, they sequester heal,
absorbed at the surface, in the deepest regions for periods of a thousand years or more through vertical
circulation and convective mixing.

Therefore, any study of the climate and how it might change must include a detailed description of
processes in the ocean together with the coupling between the ocean and the aimosphere.”

This same report states that :

"systematic ongoing observations of the global ocean are needed"......... "A comprehensive ocean and ice
observing system requires:

a) satellite observations of the ocean surface temperature, wind and topography, sea-ice concentration
and cllorophyll content (ocean colour), and of the topography of the Antarctic and Greenland ice
sheets, by an intemational array of space platfonns in suitable orbits around the earth;

b) an intemational operational upper-ocean monitoring programme, to determine the time and space
dependent distribution of heat and fresh water in upper ocean layers, seasonal variations and long-term
trends; and

c) an intemational programme of systematic sea-level and deep-ocean measurements, at suilable time
and space intervals, to determine the state of the ocean circulation, ocean volume, and transpon of
heat."

Rcecommendations by Working Group 2 to address potential impacts on the ocean and coastal zone
include:

"Development and implementation of multinational systems to detect and monitor expected
environmental and socioeconomic impacts of ocean and coastal zone changes”

In addressing measures to adapt to global climate change, Working Group 3, the Response Strategics
Working Group, lists options which :

"would be most effective if undertaken in the short tenn, not because there is an impending catastrophe,
but because there are opportunities to avoid adverse impacts by acting now - opportunities which may
not be as effective if the process is delayed. These options include:

Development and implementation of a global ocean observing network, for example through the efforts
of the IOC, WMO, and UNEP (o establish a co-ordinated intemational ocean observing network that
will allow for accurate assessment and continuous monitoring of changes in the world’s oceans and
coastal areas, particularly sea level and coastal erosion.”

24 CO-ORDINATION AMONG INTERNATIONAL STRUCTURES

Figure 3 diagrams the structure of the cognizant international organizations and working bodies
involved in ocean observing system development and co-ordination. In addition to the 2 predominant
intergovernmental organizations described above, the International Council of Scientific Unions, a non-
governmental organization, in 1986 launched the International Geosphere-Biosphere Frogramme (IGBP), a
study of the links between the biological, chemical, and physical processes in the whole Earth system and the
interactions between the different parts of it. The IGBP provides a framework for a wide range of
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interdisciplinary programmes. It is developed in close co-operation with other intcrnational scientific
programmes, some of which arc core projects and are described below,- e.g., JGOFS and GEWEX. Also,
the United Nations Environment Programme (UNEP) sponsors the Global Environmental Monitoring Sysicm
(GEMS) to promotc the co-ordination and collection of cnvironmental data and INFOTERRA, the
International Environmental Information System, a mechanism for nations to gain access to cnvironmental
information. IOC and WMO have increased their level of co-ordination with UNEP in vicw of the number
of common intcrests and goals.

2.5 NATIONAL STRUCTURES

All Members of the WMO, as noted above, have a national governmental organization responsible
for meteorological services. It is important to note that very few countries have a single comparable structure
for occanic services. A total of 41 countries have, however, designated a National Occanographic Data
Center.

Each Member State of IOC designates national agencies or institutions to participate in the activitics
of IOC. Member States of 10C also designate an action address for correspondence on all matters related
to the activities of IOC. In addition, for cach programme, as a rule, Member States designate a national co-
ordinator or contact point (c.g., a national co-ordinator for IGOSS, GLOSS, IODE). Marine activitics cover
a wide spectrum of scientific and practical interests, Relevant agencies and institutions are hydrographic
scrvices, metcorological or hydrometcorological services, fisherics agencics, national science and technology
agencics, national academics of sciences, and universitics. Some Mcmber States have established national
occanographic committces or commissions for internal co-ordination of 10C activitics.

3 REQUIREMENTS FROM EXISTING AND PLANNED LARGE-SCALE CLIMATE RESEARCH
PROGRAMMES

Recognizing that international research programmes are not established for the purpose of defining
long-term observational requirements, the knowledge and experience gaincd should nevertheless be tapped
for such an endcavor. In January 1990, the IOC Sccretariat asked senior representatives of various
international rescarch programmes to provide insight into the identified requirements for long-term systematic
ocean obscrvations, An extract of these responses follows:

31 TROPICAL OCEAN-GLOBAL ATMOSPHERE (TOGA)
The objectives of the TOGA Programme arc;

@ to gain a description of the tropical occans and the global atmosphere as a time dependent
system, in order to.determine the extent to which this system is predictable on time scales
of months to ycars, and to understand the mechanisms and processes underlying its
predictability;

(ii) to study the feasibility of modelling the coupled occan-atmosphere system for the purpose
of predicting its variations on time scales of months to years; and

(iii)  to provide the scientific background for designing an observing and data transmission system
for operational prediction if this capability is demonstrated by couplcd ocean-atmosphere
models.

Through an intensive international effort, to a large degree, the first TOGA objective has beea
achieved during the first 5 years of TOGA, 1985-1989. Significant progress has also been made toward
achieving the second objective. However, the following issues must be addressed before the third objective
can be realized:

o Particular problems exist in the warm pool regions (i.c., SST is greater than 28°C) of the tropical
oceans.
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o In the warm pool estimates of the heat balance at the surface leave an unexplained heat flux of 60-80
watts per square meter, cnough to warm the upper ocean by about 2 degrees C per month. Thus,
there is great difficulty in understanding the heat budget of the warm pool,

I\ Occan models generally overestimate the temperature of the warm pool by about 3 degrees C,
probably resulting from a considerable sensitivity to air-sea heat fluxcs.

0 Atmospheric models have been shown to be extremely sensilive to even very small sca surface
tcmperature variations where the SST is warm,

The TOGA Scicntific Steering Group (SSG) has defined 2 groups of data requirements; atmospheric
data and occanic data. The latter group contains those rcquirements neceded to determine the circulation and
heat storage of the tropical oceans and to characterize their response to atmospheric forcing. Horizontal and
vertical scales, time resolution, and measurcment accuracy for global data scts have been defined as shown
in Table 3.

Rclevant "atmospheric parameters® arc:

Atmospheric Surface Pressure

Surface stations and data from the Voluntary Obscrving Ship (VOS) programme can help achieve
the requirement of 1,200 km resolution. However, additional surface pressure observations from
automalic stations or drifting buoys are required in the extra-tropical latitudes of the Southern
Hemisphere to adequately resclve the evolution of the 30-60 day mode and the Southern Oscillation.

Globa! Sea Surface Temperature

Thirty day averages of SST over 5 degrees latitude/longitude squares are required over the global
occans with a 0.5 K accuracy. Determination of global SST depends heavily on the measurements
of satellite-based infrared and microwave sensors. However, measurements from drifting buoys and
ships are also rcquired for validation of satellite retrievals.

Tropical Sea Surface Temperature

Since prediction of SST is a central objective of TOGA, there is need for better resolution and
accuracy of SST measurements in the tropical ocean basins. Satellite retrievals from this area suffer
considerable contamination from the presence of clouds, tropospheric moisture content and
stratospheric acrosols. Therefore, additional jn sifu obscrvations from drifting buoys, moored buoys,
and VOS are critical for meeting the requirements for adequate monitoring of tropical SST
variations. Fifteen-day averages over 2 degrees latitude x 2 degree longitude areas with 0.3 K
accuracy are required.

Surface Wind Over the Tropical Ocean

Tropical surface wind stress is one of the most important variables to be determined for TOGA.
Data from anemometers on moored buoys will be of crucial importance in supplementing data from
WWW surface stations and VOS. The required accuracy is .01 Pa for mcan monthly values averaged
over 2 degrees latitude by 10 degrees longitude areas. Expressed in terms of wind speed, the
corresponding accuracy is 0.5 m/sec.

Net Radiation at the Surface

The net radiative input to the upper ocean layer is a very significant component of the overall heat
balancc of this layer and ultimately controls the prediction of the SST. TOGA data requirements
are expressed in terms of mean values of the incoming short-wave radiation flux only, The required
accuracy is 10 watts/m?2 for moathly averages in each 2 degree latitude by 2 degree longitude box
in the tropical zone, The WCRP Surface Radiation Budget Project, beginning in 1990, will attempt
to compute this quantity from available data on a global scale. Eventually it is hoped that long-wave
radiation flux will be obtained to similar accuracy.

Surface Humldity
The required accuracy for water vapour mixing ratios near the surface is 0.5 x 10-3 for mean monthly
values averaged over 2 degrees latitude x 10 degrees longitude areas.
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Surface Alr Temperature
The required accuracy for monthly averaged surface air temperature measurements over 2 degrees
latitude by 10 degrees longilude arcas is 0.5 K.

Oceanic parameters arc:

Troplcal Sea Level

A basin-wide network of tide gauge stations is required in cach tropical ocean to resolve oscillations
in sca level. The required accuracy is 2 cm for one- day averages. In addition, the advent of satellite
altimetry has made it possible to map basin-wide sca level anomalics with an accuracy of a few
centimcters for time scales of 10 days or longer.

Troplcal Ocean Sub-Surface Temperature

Knowledge of the occan sub-surface thermal structure is necessary to assess the transport of heat,
for calculation of geostrophic currents, and to monitor space-time evolution of various large-scale
occan features, The minimum required horizontal resolution is 1.5 degrees latitude by 5 degrees
longitude at seven levels between 0 and 500 meters cxcept in the western parts of the basins where
750 meters depth data is required. On a monthly time scale, the required accuracy is 6.25 K. In the
equatorial wave guide higher temporal resolution is required.

Troplcal Ocean Salinity

Direct measurcments of salinity arc required to resolve ncar-cquatorial, rapid time scale, changes
in salinity associated with phcnomcena such as westerly wind bursts, and to monitor broader, deeper,
and presumably slower salinity changes outside the equatorial region, Surface salinity should be
measurcd wherever possible along VOS lines. In addition, subsurface salinity should be sampled
along selected VOS lincs and along regularly repeated hydrographic scctions. Near-cquatorial
moorings should be cquippcd with temperature and salinity sensors to capture higher frequency
variations. Rigorous studics have not yct been carried out to determine the optimal time and space
resolution for sampling. The accuracy rcquircment for monthly averaged surface salinity over 2
degrees latitude by 10 degrees longitude areas is 0.03 parts per thousand.

Tropical Ocean Surface Circulation

The most sensitive product for verification of the modcl simulations of tropical ocean dynamics will
be the measured velocity ficld of the upper occan layer. The tropical ocean surface circulation
rcquirement for monthly averages over 2 degrees latitude by 10 degrees longitude is 0.1 m/scc.

Sub-Surface Equatorial Currents

For the purpose of understanding equatorial ocean dynamics in response to atmospheric forcing over
the region, time scries of direct measurements of velocity profiles are considered essential along the
equator at 40 dcgrecs longitude spacing. The accuracy requirement is 0.1 m/scc at the time the
currents are being measured. At least 5 levels of information above 250 m per mooring are
desirable.

The observing systems for the paramelers described above are listed in Table 4. The TOGA ocean
monitoring programme rests heavily on the 3 ocean basin XBT network. Despite the success of the system,
there continues to be a shortfall of probes deploycd per year. The TOGA Implementation Plan calls for
30,000 probes to be dropped per year. In 1990 it appears that only 17,000 will be available, a shortfall of
13,000 probes. The SSG has determined that in some regions, specifically where mean precipitation exceeds
evaporation, XCTD’s rather than XBT’s will have to be deployed in order to definc the subsurface salinity
structure. An urgent priorily is to increase national commitments to supply and deploy XBT and XCTD
probes. The TOGA Ad Hoc Panel of Experts has also expressed concern that at least 40% of the XBT
observations made in the tropical oceans are not rcported in near real-time and arc thus lost to the
operational occan models.

Plans are to extend ‘he existing array of Atlas thermistor moorings along the equator in the Pacific
to the so-called TAO II ("the Thermal Array in the Ocean II) configuration. Additionally, the SSG has
suggested that a five-uiouring current array become part of the TOGA monitoring effort in the westcrn
Pacific. At the same time a large number of Lagrangian drifting buoys are being deployed annually in the
Pacific. 'The annual requirement of drifting buoys is 230. Only 150 are now being deployed.
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Although considcrable progress has been made in setting up the TOGA sca level network, there is
a shortfall of about 20% over the 3 tropical oceans. The statistics for each of the occans are:

Planned Existing
Pacific 95 88
Indian 60 40
Atlantic 40 29
TOTAL 195 157

In order to provide surface data in the data-sparse southern oceans for the calibration of satellite
data, a large number of surface drifting buoys arc deployed each year. Commitments now exist for 50 of the
100 buoys nceded annually.

In conjunction with the study nccded of the warm pool regions of the tropical oceans, the sccond half
of the TOGA Programme will include a Coupled Occan-Atmosphere Response Experiment (COARE). An
Intensive Obscrvation Phasc (I0P) will be held in the western Pacific from November 1992 through February
1993, For a ycar prior to and following the IOP, the rcgular networks will be enhanced, an oceanographic
nctwork will be cstablished, and radiation monitoring cquipment will be installed. An initial assessment of
the resources required for COARE arce shown in Table 5.

In order to emphasize the sccond and third scicntific objectives of TOGA, prediction of intcrannual
variability will be a major focus during the sccond half of the TOGA period. Given the large number of
scientific and technical tasks remaining, the SSG has recommendcd that these tasks can best be approached
by forming a climate modclling center or centers.  Such a center, or centers, would require the same
resources and capabilitics as the European Center for Mcdium-Range Weather Forcecasting. Beyond their
developmental role, such centers would provide guidance for developing a global ocean observing system.

TOGA data management requircments are to: (i) provide sufficient quality control flags such that
rescarch uscrs can appraise the utifity of individual observations or derived quantities, (ii) provide data within
a lime frame appropriate to the data and the uscs to be made of them, (iii) provide data, data products, as
well as their quality control flags and documentation, in readily accessible formats to interested scientists and
organizations in all countrics, (iv) prescrve backup data scts in such a way that dcrivea quantities can be re-
computed in casc of a change in algorithms or parameters, (v) sct standards for products to be derived from
data sets in close collaboration with data managers and scicntific uscys, (vi) maintain enough flexibility in the
data management system to account for evolving scientific priorities while assuring a consistent data set for
the duration of the programme, and (vii) collect relevant historical and current TOGA-related data from
participating countrics. TOGA data centers are listed in Scction 4.5.

32 WORLD OCEAN CIRCULATION EXPERIMENT (WOCE)

The goals of WOCE are (i) to develop models uscful for predicting climate change and to collect
the data nccessary to test them, and (ii) to determine the representativeness of the specific WOCE data scts
for the long-term behaviour of the ocean, and to find mcthods for determining long-term changes in the
occan circulation. The WOCE Implementation Plan contains details of the experimental clements of WOCE,
data management, the modelling programme, and tables of resource needs. The major observational
components of thc WOCE Ficld Programme are:

(i) Full depth, hydrographic/tracer survey, the WOCE Hydrography Programme (WHP),
covering the entirc ocean once,

(i) Repeat hydrography, to at least 1,500 meters, to provide temporal information,
(iii)  Global deep float relcases employing a mixture of pop-up and acoustically-tracked floats,

(iv) Satellite altimetry calibrated with a sparse global sca-level nctwork,
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) Moored arrays and special float relcases to map transcquatorial exchange and western and
castern boundary currents, deep boundary currents and exchanges between basins, and the
vertical structure of the cddy field,

(vi) Enhancement of surface metcorological measurements to validate satellite-derived wind and
sea surfacc temperature measurements,

(vii) A surface layer programmc using surface velocity drifters, standard hydrographic
measurements, XBTs, CTDs, moored and drifting temperature and temperaturc/salinity
chains,

(viii)  Eddy-resolving XBT/XCTD scctions to determinc the variation of the strength of the major
oceanic gyres on scasonal and interannual time scales.

The major WOCE resource requirements arc shown in Table 6. WOCE XBT depth requircments
are 1,000 meters along western boundarics and in high latitude. « nd 750 mcters clsewhere. In the Atlantic
22 XBT lines are requircd (monthly, 2 XBTs per day), in the Ind. .n Ocean 17 lines, and in the Pacific 13
high density lines (seasonal, 12 XBTs per day) as well as the lower density sampling undertaken by TOGA,
described in Section 3.1 above. WOCE sea level sites are discussed in Section 4.3.2 and are depicted in
Table 20.

WOCE needs to estimate the scasonal evolution of heat and salt content of the upper ocean in order
to test and validate ocean models. There is scrious concern that the air-sca flux estimates will contain large
uncertainties due (o problems with both the initial data and the parameterization. Storage of heat and salt
will provide a first order estimate of the overall consistency of those estimates. Salinity measurements are
nceded in the upper 1000 meters of the water column. Much better coverage and data exchange is needed
than presently exists. Because there is no method for obtaining salinity profiles from ships of opportunity,
these data must be obtained using conventional CTD instrumentation from research or other mission-oricnted
vessels. In regions such as the North Atlantic and Pacific Oceans, CTD profiles are now taken by fisheries,
military, and other organizations, but are not being exchanged, or are being exchanged very slowly
internationally and are being collected in a manner (or with instrumentation and techniques) that provides
inadequate precision and accuracy. In mid to high latitudes salinity is a dominant component of the seasonal
and interannual variation in the upper and intermediate layers, but an understanding cannot be obtained
without a far better distribution of temperature and salinity profiles in the upper 1,000 meters of the water
column.

WOCE will measure the transport of a number of the major currents using mooring arrays, tide
gauges, and electric cables. In addition, satellite altimeter data are presently providing unique information
concerning the variability of such currents over a much larger range of space and time scales. The main
satellite sensors contributing to WOCE are shown in Table 7. Most of the mooring arrays have, as onc of
their scientific goals, the design of techniques or arrays that can carry out long-term monitoring of the current
with much reduced resources. In a few cases, such as in the Florida Straits, one can now estimate the
transport from the cable very incxpensively.

WOCE stresses the importance of data management for the creation and assembly of data scts, the
preparation of catalogues, and the dissemination of data sets to uscrs. Data Assembly Centres have been
established for drifting buoy data, upper occan thcrmal data, and sea level data. Additionally, a Data
Information Unit provides referral services for locating WOCE data sets. The locations of WOCE Centres
are listed in Section 4.5,

33 POLAR PROGRAMMES
The IAPSO Commission on Sea Ice has indicated the need for :

(i) Ardtic buoy measurements such as now taken by the U.S. Office of Naval Research using
drifting, ice-mounted, satellite-tracked data buoys

(i1) Beaufort and northern Greenland scas, using moored, upward-looking sonar (not now
measured)
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(i)  Icc cover and distribution from SSM/I, planned by NASA

(iv) Icc motion, being discussed by NASA

) Antarctic- undefined.

The German Alfred-Wegener Institute for Polar and Marine Research has identified the need for:

() Horizontal grid of about 100 km and with a sampling interval of 5-10 days and atmospheric
quantitics on a similar grid but on a daily interval

(ii) Sca icc - extent, concentration, thickness, velocity, surface albedo, surface net radiation

(iii)  Atmosphere - Surface wind stress, surface air pressure, near surface air temperature, near
surface air moisture

(iv) Qcean - Mixed layer currents, temperature, salinity and depth and changes of the first three
quantitics across the pycnoline.

Gencrally speaking, a continuous satellite observation programme forms the backbone of a long-term
sea ice and ocean surface monitoring scheme. Additionally, considerable international cfforts are nceded to
support satisfactory long-term surfacc buoy and subsurface upward-looking sonar programmes in Arctic and
Antarctic waters.

The most valuable information on sca ice extent and its time variations is obtained from satellite
passive microwave radiometers (since 1972). Less certain, but still useful, arc ice concentration cstimations
from the same data source, Past attempts to determine the age of ice floes and their thickness with the aid
of any remote sensing device are unsatisfactory. The World Climate Research Programme is making an
effort to implement ice thickness monitoring programmes using moored upward-looking sonars in key
positions in both polar regions. Logistics support is nceded to deploy and maintain this equipment. An
Antarctic drifling buoy programme, similar to the Azclic buoy programme maintaincd by the U.S,, needs to
be established. Surface stations are needed to provide full coverage of atmospheric surface data (air pressure,
air temperature, and possibly wind velocity), sea surface and/or ice surface temperatures, mixed layer depth,
ice thickness, and snow depth. Ice motion is obtained from the time sequence of the buoy positions, Buoys
of this kind have been deployed recently in the Antarctic with good success.

34 JOINT GLOBAL OCEAN FLUX STUDY (JGOFS)

The goal of the Joint Global Ocean Flux Study (JGOFS) is to "determine and understand on a global
scale the processes controlling the time varying fluxes of carbon and associated biogenic elements in the
occan, and (o evaluate the related exchanges with the atmosphere, sca floor, and contincntal boundaries®,
JGOFS requires a network of time series stations at which regular measurements of kcy propertics and
processes are made at bi-weekly or monthly intervals, or continuously if automated sensors are available.
For logistical reasons, most stations must be near islands or coastal nations with well-equipped laboratorics.
Stations are needed in tropical oligotrophic waters, higher latitude regions, coastal, upwelling, and boundary
current regions. Once established, these sites will provide the means to describe the time-varying behavior
of the physical, ccological, and biogeochemical system in each area. They will also provide material for
calibrating and validating biogeochemical models. Measurements to be taken at long time series stations have
not been defined, but sediment traps arc considered-necessary.

35 GLOBAL ENERGY AND WATER CYCLE EXPERIMENT (GEVWEX)
The objectives of the GEWEX Programme are:

(i) to determine the hydrological cycle and energy fluxes by means of globél measurements of
observable atmospheric and surface properties;

(ii) to model the gloval hydrological cycle and its impacts on the atmosphere and ocean;
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(iii) to develop the ability to predict the variations of global and regional hydrological processes
and water resources, and their response to cnvironmental change; and

(iv) to foster the development of observing techniques and data management and assimilation
systems, suitable for operational applications to long-range weather forccasts, hydrology, and
climate predictions,

The GEWEX Programme has requirements for monitoring the heat and salinily content of the upper
occan on a global scale, with temporal and spatial resolution consistent with the needs to derive surface fluxes
of heat and water vapor, changes in storage and upper ocean transports, as critical components of the global
heat and water cycles. Deficiencies in present obscrving systems are cited as:

) hcat content in the Southern Occans and parts of the Northern Hemisphere occan
(i) salinity throughout the global occan.

Actions requested include:

) surface salinity measurements by Voluntary Obscrving Ships

(ii) further development and deployment of XBT's with the addition of expendable temperature-
conductivity probes

(iii) development of suitable salinity sensors for unattended operation on buoys of other
automatic vehicles.

Also cited as long-term nceds are more drifting buoys with thermistor chains and salinity sensors in
data sparse regions and insirument development for the salinity sensors,

36 WORLD CLIMATE DATA PROGRAMME

The goal of the World Climu.te Data Programme (WCDP), onc of four components of the World
Climate Programme described further in Scction 4.8, is to insure timely access to reliable data which are
exchangeable in an acceptable format to support climate applications, impact studics, and rescarch, The
WCDP has cstablished the following requirements for the construction of global baseline data sets:

() Standard synoptic and climatological observations including sca surface temperature and
subsurface measurements at a density of ten reporling stations per 250 squarce kilometers

(ii) Sca surface temperature grid point data sct, data blended to half degree lat-long grid
(i)  Upper air observations taken at standard times from as many sites as practical

World Climate Programme data are derived from the World Weather Watch synoptic network
(described in Section 4.1), with additional quality control standards applied prior to usc of the data basc.
Following the Second World Climate Conference in November 1990, this activity was re-named the World
Climate System Moniloring Programme.

3.7 SUMMARY OF VARIABLES AND PROCESSES TO BE MONITORED

In 1990, a review was made of parameters, processes, features, and phenomena that need to be
included in a comprehensive ocean observing system to meet climate-related needs. Initial conclusions are
that it will be helpful to be able to describe the state of all the general circulation gyres, especially their major
currents and the state of the upper layer (mixed laycr and thermoclines and haloclines). More precisely, we
need to know the heat and salt content of the upper ocean, and the horizontal advection of heat and salt.
We need to know the air-sea transfers of momentum, heat, and moisture. It will be essential to determine
air-sea transfers of particles and gases. And it may be important to monitor the hecat and salt fluxes from the
sea floor.,



IOC/INF-833
page 13

Similarly, we nced to know the major river discharges, both their volume and property (c.g.,
scdiments, nutricnts, and pollutants) fluxes. For some purposcs, we would like to resolve all of the major
occanic fronts and cddies. For others, we would like to know the intensity and quality of all the major
upwelling centers and regions. Undoubtedly, we nced to track the position of the polar ice edge and probably
keep track of the polar ice thickness,

For the purpose of documenting climate variability and climate change, it will be essential to detect
changes in watcr mass properties and the rates of water mass formation. In addition to knowing the state of
major circulation gyres and currents, intergyre and interbasin exchanges, and changes thercin, may be of
interest. Such signals need to be detected against a background of scasonal and intcrannual variability, which,
of course, nced documentation.

Emphasis is nccded on the means to monitor the formation of subsurfacc water masses-- their
locations, rates, and conscquent transfers to the interior of the occan of gascs, particles, heat, and salt. Hence,
a focused research question concerns the degree to which satellite and acoustic remote sensing systems, when
applicd to data-assimilative models, can accurately estimate such water mass formation, and the kirds and
numbers of dircet obscrvations that are needed to achieve acceptable accuracies for a defined purposc.

An inescapable topic is that of space-time resolution and the attendant tradeoffs. Because the scales
of variability vary geographically for dynamical reasons, it may be possible to design a ‘smart’ (oplimal)
strategy. For example, though the upper occan, cquatorial ocean, and coastal ocean are very responsive to
synoptic scale atmgspheric forcing, and, thus, nced to be sampled relatively rapidly in space and time, the
same is not generally true for the bulk of the ocean interior.

'The choice of domain is closcly related to the resolution topic. One extreme is to undertake: the
entire global domain and resolve it only coarsely with available resources, and then to refine the resolution
as the demand grows, as resources increase, or new technologics are acquired. The other extreme is to choose
a domain small enough to adecquately resolve the encrgetic and relevant scales, and to expand the doraain
as more resources or new technologics become available. The first strategy has the advantage of providing
a global product immediately though it may not be of much use. The sccond strategy has the advantage of
procceding correctly, and presumably uscfully, at lcast somewhere.

Clearly, a priority suite of variables, which will become comprehensive as the system expands, must
be identificd. For the first step, listed below are the highest priority items:

Surface:
PHYSICS BIOLOGY. CHEMISTRY
air temperature pigment concentration  dissolved oxygen
atmospheric pressure  plankton concentration marine acrosols
currents pCQO,

precipitation/cvaporation

relative humidity

salinity

sea level/dynamic
topography

tides

water tecmperature

waves

winds
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A somewhat different suite of variables needs to be determined for the Interlor of the ocean:

PHYSICS BIOLOGY CHEMISTRY.
absolute pressure phytoplankton biomass CO,
currents primary productivity  dissolved
salinity sccondary productivity oxygen
vertical velocity zooplankton biomass  nutricnts
pollutants

radionuclides
trace clements

Table 8 shows the paramcters now being observed and cxchanged internationally within existing
occan obscrving and data management systems as well as large-scale international rescarch programmes.

4, EXISTING AND PLANNED GLOBAL OCEAN OBSERVING AND DATA MANAGEMENT
SYSTEMS

4.1 WORLD WEATHER WATCH (WWW)
411  Description of Functions

The WMO World Weather Watch is a co-ordinated world-wide system whose primary purpose is
to make available, within the agreed system, metcorological and other environmental information required
for both applications and rescarch. It is the only intcrnational operational programme cstablished to gather
and distribute in rcal-time meteorological and related cnvironmental data on a global scale. The WWW
incorporates frequent and regular obscrvation of a wide range of metcorological and related geophysical
clements from thousands of locations on land, sca, and air as well as outer space; the rapid collection and
cxchange of the obscrvational data; the preparation of information in a varicty of forms describing the current
and forccast conditions; and the dissemination of this information.

The objectives of the WWW are:

i To implement and operate by Members a world-wide integrated system for the collection,
pl pe y ! g Sy
processing, and rapid exchange of metcorological and rclated environmental data, analyses,
and forecasts.

(i) To make available, both in rcal-time and non-real-time, as appropriate, obscrvational data,
analyses, forecasts and other products to meet the needs of all Members, of other WMO
Programmes and of relevant programmes of other international organizations;

(i)  To arrange for the introduction of standard methods and technology which will enable
Members to make the best use of the WWW System and ensure an adequate level of
services.

Core elements of the WWW are:

The Global Observing System consisting of facilitics and arrangements for making observations at
stations on land and at sea, and from aircraft, meteorclogical satellites and other platforms, The surface-
based sub-system is composed of regional basic synoptic networks, other observational networks of stations
on land and at sea, aircraft meteorological observations, climatological stations, agricultural meteorological
stations, and special stations. A network of Voluntary Observing Ships (VOS) also participate. The space-
based (satellite) sub-system is composed of the near-polar-orbiting and geostationary meteorological satellites.
At piesent, there are some 9,500 stations on land, 7,000 ships, 220 fixed and drifting buoys, 600 radar stations,
3,000 aircraft, and a system of at least 4 orbiting and 5 geostationary satellites, all of which generate daily
approximately 8 million characters of alpha-numeric data.

The Global Data Processing System consisting of World, Regional/Specialized and National
Meteorological Centres to provide processed data, analyses, and forecast products;
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The Global Telecommunications System (GTS), as shown in Figure 4, is composed of an increasingly
automated network of telecommunication facilities for the rapid, reliable collection and distribution of
observational data and preocessed information. This integrated system of point-to-point circuits, meteorological
telccommunication cenlses, and data distribution systems is organized on a 3-level basis:

The Main Tclecommunication Nelwork which links together the World Metcorological Centres
(located in Mclbourne, Moscow, and Washington) and the Regional Telecommunication Hubs (located in
Algicrs, Beijing, Bracknell, Brasilia, Buenos Aires, Cairo, Dakar, Jeddah, Nairobi, New Delhi, Offenbach,
Paris, Prague, Sofia, and Tokyo).

The Regional Metcorological Telccommunication Networks which consist of an integra‘ted system
of links interconnecting national, regional, and global centres

The National Metcorological Telecommunications Networks which enable the national metcorological
services to collect obscrvational data and to reccive and distribute processed products on a national level

The capacity of the Main Telccommunication Network of the GTS, while not unlimited, is sufficient
to mecet all expzcted requirements for the global exchange of conventional occanographic data during the next
decade.

WWW support functions consist of:

(i) WWW Data Management to co-ordinate, manage, and monitor the flow of data and
products within the WWW system in accordance with international standards to assure their
quality and timely delivery to mcet Members® individual needs and those of other WMO
programmes;

(i) WWW System Support Activity to provide guidance, scicntific and technical information,
and training to those involved in the planning, development, and operation of WWW
components; and to initiate, co-ordinate, and evaluate various WWW co-operative activities
and support actions,

Three other components of the WWW are the Instruments and Methods of Observation Programme
which aims to improve the accuracy of the data and the standardization of metcorological instruments and
techniques, and to incorporate new technological developments; the Tropical Cyclone Programme; and WMO
Satellite Activities. The long-term objectives of the Satellite Activities are to: i) insure co-ordination and
continuily of the operational meteorological satellite programmes, and ii) strengthen Members’ capabilitics
to receive and cffectively use satellite data and products. The Executive Council Panel of Experts on Satellitcs
is the focus for overall co-ordination of satellite matters, formulating policy, providing guidance useful for
interaction with other United Nations and international organizations, and determining requirements,
mecthods, and systems for satellite data.

412  Status of Present Actlvities and Future Plans

Table 9 identifics the data that are nceded to obtain optimum results from numerical weather
prediction techniques by the late 1990s. Table 10 lists the basic set of global observational data required to
be met by the Global Observing Systcm (GOS) by the late 1990s. Both are contained in the WMO Third
Long-Term Plan. The GOS, although extensive, contains large voids in the surface-based system over ocean
arcas, polar, and desert regions.

Surface-based - Table 11 lists, by country, the number of ships that participated in the Voluntary
Obscrving Ship Scheme in 1983. Figures 5 and 6 depict a typical one month coverage by Voluntary Observing
Ships which collect and transmit at standard synoptic hours reports containing observations of some or all
of the following parameters: surface barometric pressure, surface wind, surface air temperature, dewpoint,
cloud amount and height, weather, SST, sca state, sca ice, and icing. Through conventional HF radio
communications, 327 coastal stations accept ships’ weather reports without charge to ships. Four
INMARSAT Coast Earth Stations covering the Atlantic Ocean region, 2 covering the Indian Ocean region,
and 4 others covering the Pacific Ocean region accept weather reports from ships equipped with Ship Earth
Stations without charge to ships. About 20% of participating ships have such equipment. As a result of the
implementation of the Global Maritime Distress and Safety System, virtually all ocean-going ships will be
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cquipped with INMARSAT communications cquipment by the end of this decade. The number of Voluntary
Obscrving Ships has been decrcasing at the rate of about 2-4% per year due to the decrease in the number
of transoccanic ships. WMO officials belicve that it is not possible to increase the number of participating
ships for this rcason. Between 3,000 and 4,000 ships' weather reports arc reccived daily at major WWW
tclccommunications and data processing centres. Ships have been recruited by 49 WMO members and are
managed nationally through networks of Port Mctcorological Officers.

The operational drifting buoy programme comprises over 200 active buoys transmitting about 2,000
reports via the GTS in a 24-hour period. The location of buoys and the transmission of data via satellite arc
carricd out through the ARGOS system, a co-operative undertakiug between CNES (France), NOAA (USA),
and NASA (USA). The usc of local user terminals, such as those established in Australia, Canada, Denmark,
France, Norway, and Saudi Arabia, has enhanced the uscfulness of the Argos System for operational
metecorological purposcs. These activities are described in more detail below under Scction 4.4.

Automatic marine stations, on moored buoys or fixed platforms, are being used to an incrcasing
extent to obtain metcorological, occanographic, and other environmental data. Many countrics are operating,
testing, or planning automatic or semi-automatic observing or recording stations on buoys, marine platforms,
light vesscls, oil and gas platforms, mobile drilling rigs, mobile ships, ctc. It is cstimated that about 80
moored buoys, mostly around North America, and 60 fixed platforms, mostly around Europe, now scrve as
automatic weather stations.

Two Occan Weather Ships arc presently operational as occan stations: onc operated by the UK,
normally at 59 dcgrees north, 20 degrees west, and one operated by Norway at 66 degrees north, 02 degrees
cast, They make and transmit a full suite of surface and upper air metcorological obscrvations, as well as
surface and sub-surface oceanographic data. The long-term future of these platforms is uncertain.

Satellite-based - Satellite obscrvations, which began just over 30 ycars ago, have a special imporlance
over the occans. Currently polar orbiting satellites arc operated by France, India, Japan, the USA, and the
USSR. Geoslationary satellitcs are operated at diffe-ent locations over the Equator: by the European
Satellite Consortium (EUMETSAT/ESA)- 0 degrees East, India- 74 degrees East, Japan- 140 degrees East,
and the USA- 75 degrees West and 135 degrees West. Each of these satellites carries a varicty of scnsors
allowing derivation of sea surface temperature, atmospheric pressure, and cloud temperature. In addition
to transmitting imaging data in the visible and infra-red bands, these provide a substantial capacity for data
rclay of surface obscrvations.

Twenly polar-orbiting satellites or satellite scrics with the capability to support marine metcorology
and physical occanography are planned for launch during the decade of the 1990s. They will have more than
40 scnsors, Table 12 summarizes the array of remole sensing systems that arc to be introduced or cxpanded
during the next decade. Tables 13 through 15 provide an more specific listing of satellite measurements from
operational, planned/proposed, and EOS satcllites. Bricf descriptions of several national and regional
satellite initiatives are given below.

ADEOS - In 1995 Japan expects to launch the Advanced Earth Obscrving System (ADEOS) which
will include an ocean color and temperature scanncr, an advanced visible and ncar-infrared radiometer, and
a scaltcrometer. This initiative has been preceded by the MOS-1 activities, described below.

Cosmos-1500 Serles - The USSR Cosmos scrics, also designated as the OKEAN serices, began in
1983 and carried a side-looking radar system and a visible imaging system, The OKEAN scries began in 1988
and includes a side-looking radar, a scannine =i rowave radiometer, a nadir-viewing microwave spectrometer,
and optical-mechanical searncis. A specific feature of the OKEAN serics is the possibility of dircct data
reception by use:; naving simplificd hardware and software for data processing.

ERS Serles - The European Space Agency (ESA) will fly 2 Earth Remote Scnsing Satcllites (ERS)
that provide a 3-day rcpeat cycle for 3 instrumenis: an active microwave instrument that acts as a
scatterometer, a synthetic aperture radar, and a wave spectrometer; an along-track scanning radiometer and
microwave sounder that provides sea surface temperature; and a radar altimeter, The first satellite, ERS-1,
is to be launched in April or May 1991. Plans for ERS-2 include measurement of some ocean color in
addition to sea surface temperature. All data and products will be archived by ESA at 4 processing and
archiving facilities: in the UK, France, Italy, and Germany.
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FY-1b - The first Chincse State Metcoro'ogical Administration satellitc Feng-Yuen-1 (meaning wind-
cioud) was launched in 1988 but was a victim of carly failure. Feng Yuen 1-b was launched as the sccond
satellite in this serics in Scptember 1990,

Geodetic Satellite Follow-on - The first Geosat was launched in 1985 by the U.S. Navy and operated
for ncarly 5 ycars. A single allimcter compriscd the payload of this satellite which demonstrated the
operational use of satcllite altimetry to measure sca surface topography, occan currents and eddics, icc cdge
detection, surface wind speed, and significant wave height. The follow-on system to Geosat is designated as
the Geodetic Satellite Follow-On and will include a Geosat-class allimeter, One is to be launched in 1994 and
onc in 1997,

JERS-1 - The National $pace Development Agency and the Ministry of International Trade and
Industry of Japan will launch in id-1992 the first Japan Earth Resources Satellite (JERS-1) consisting of
a synthetic aperture radar and a visible and near-infrared radiometer/shortwave infrarcd radiometer.

Landsat Serles - The Landsat Series is operated by the Earth Obscrvations Satellite Company in the
U.S. under the auspices of NOAA. Landsat-4 and Landsat-5 are presently operational, with Landsat-6
planncd for launch in latc 1991. Applications for estuarics and wetlands have been demonstrated by these
high spatial resolution systems. The principle scnsors on Landsat-4 and -5 are the multispectral scanner and
the thematic mapper.

Meteor Serles - The USSR State Committee for Hydrometcorology began operation of the polar-
orbiting satellite system, Metcor-2, in 1975. To date, 18 satellites of this type have been launched. The
systemn comprises 2-3 satcllitcs continuously operating in a ncar-polar orbit with an on-board instrument
package of 3 television-type visible and infrarcd scanners, an 8-channel scanning radiomelter, and a device for
mcasuring radiation flux densitics in the ncar-carth space. Objectives arc to obtain metcorological
obscrvations, measurc-sca surface temperatures and sca ice, and assess the condition of vegetation.

MOS Serles - The first Japancse Marinc Obscrvation Satellitc (MOS-1) was launched in 1987 in a
sun-synchronous orbit with a 17-day repeat. The 3 sensors arc a multispectral clectronic sclf-scanning
radiomelcr, a visible and thermal infiared radiometer, and a microwave scanning radiometer. The objective
of the programme is to obscrve the state of the sea surface and the atmosphere,

NOAA Serles - The U.S. National Occanic and Atmospheric Administration (NOAA) has opcrated
polar-orbiting, carth cbservation satcllites for approximately 30 ycars. These systeins have provided free
access to rcal-time data collected through automatic picturc transmission systems or the advanced high
resolution picture transmission.  Presently NOAA-10 and NOAA-11 are operating, with continuing
improvements expected through the 1990s. NOAA-12 will be launched in 1991, This serics carrics as second
generation advanced very high resolation radiometer, a second generation high resolution infrared sounder,
a stratospheric sounding unit, a microwave sounding unit, a solar barkscatter UV cxperiment, an carth
radiation budget experiment, and a space environment menitor.

NPOP Serles (EOS - A and -B) - NASA has proposcd a lengthy list of candidate instruments, subject
to change, for its Earth Obscrving System (EOS) missions, now scheduled for 1997, These include an
advanced scatteromcter, a mulli-angle imaging spectro-radiometer which will measure tropical ocean
pnytoplankton pigment concentrations, global geophysical information retrieval with a prototype high
resolution microwave spectrometer siounder, and an altimeter to assist in determining the general circulation
of the ocean and its variability by cambining sca level with internal density ficld measurements of the occan
and models of occan circulation. EOS is a series of very large polar platforms and combines both the
obscrvational measurements and the research and interpretation of data. The objective of EOS is to provide
carth observation capability in the atmospheric, occanographic, and land sciences, and in solar terrestrial
research. It is part of the "Mission to Planct Earth” to study the relationships and fecdback mechanisms from
the sun to the center of the earth.
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SeaWIFS - The application of occan color is important to physical oceanography because it
significantly cxtends satcllite obscrvations of occan currents and cddics, transport mechanisms, and water
mass detection.  Although ocean color is typically limited to measurements of matcrial in the upper tens of
meters of the ocean surface, other satellite wavelengths penctrate the occan surface only to tens of
micrometers. Bascd on the expericnce of the Coastal Zone Color Scanncr flown in the 1970s, the wavelength
specifications of the next gencration occan color sensor have been identificd by NASA as ScaWiFS. It is
scheduled for operation in late 1992,

SPOT Series - Developed by France with the participation of Sweden and Belgium, these polar
satcllites provide a ground resolution in the 10-20 m range, with the possibility of stercoscopie viewing and
cxcellent gcometric accuracy. At present SPOT-1 and -2 are operational. SPOT has proven its capabilities
to detect underwater features in ncar-shore arcas. The remainder of the serics, SPOT-3 and -4, are
guarantced until the year 2000 with the same sensor characteristics.

The EC WMO Pancl of Experts on Satellites has developed a consolidated sct of requircments for
all WMO programmocs, taking into account the feasibility of mcasurement by satellite. This listing is a basis
on which satcllitc operators can build systems. The WMO is now cxpanding this listing to include all
cnvironmental satellite needs and a review of the occan satellite data requirements is in progress.

Telecommunlcations - As part of the evolution of the WWW system, in 1990 plans were developed
to improve the distribution of data and products, with the following objectives and plans sct out for the period
of 1992-2001;

() A revicw of global, regional, and national aspects of the GTS structure to meet the needs
for a more cost-cffcctive GTS capable of mecting increased requirements for data exchange

(i) A review of telecommunications procedures and protocols used to lead to a more flexible
and cfficient GTS

(i) A studyto co-ordinate implementation of GTS circuits and centres, including data collection
and disscmination on the national, regional, and global levels

(iv) Further development of GTS arrangements for exchanging environmental and other data
- required for reducing the impact of natural disasters and environmental accidents

v) Support for the Global Atmosphere Watch

(Vi) Development of specific solutions for the organization, implementation, and operation of the
G'TS in data sparse arcas where the GTS is now deficient due to adversc conditions.

42 INTEGRATED GLOBAL OCEAN SERVICES SYSTEM (IGOSS)
42,1 Description of Functions

The Integrated Giobal Ocean Scrvices System (IGOSS) is the operational nctwerk for the global
collection and exchange of occan data, products, and scrvices. IGOSS was established in 1967 jointly by the
I0C and the WMO and consists of national facilitics and scrvices provided by Member States. The purpose
of IGOSS is to make available to Member States data and information required to provide efficient and
effective ocean services for both operational and rescarch applications. 1GOSS promotes, co-ordinates, and
develops the international arrangemcnts necessary for the timely acquisition and cxchange of data, the
provision of services, and the dissemination of products in the form of observations, analyses, and forecasts.
IGOSS data requirements originate from a need to obtain a better understanding of ocean conditions for
marine weather forecasting, fisheries research, commercial fishing, navigation, and pollution control as well
as for climate-related studies. These requirements vary because of the multi-purpose nature of IGOSS.

The structure of IGOSS Is as follows:
The IGOSS Observing System consists of the facilities and arrangements contributed by participating

countries for obtaining standardized occanic observations from research ships, ships-of-opportunity and
voluntary observing ships, tide gauges, ocean weather stations, buoys, fixed platforms, satellites, and aircraft.
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Variables obscrved by the IGOSS Obscrving System are identificd in Table 8. An important component of
this system is the network of ships-of-opportunity, commercial vesscls that take and transmit occanographic
obscrvations, comparable to the WMO Voluntary Obscrving Ship Scheme, described in Section 4.1.2 above.
Although, as noted above, IGOSS includes tide gauge and buoy measurements, these activitics are described
in the following scctions (the Global Sca Level Obscerving System and the Drifting Buoy Co-operation Pancl)
because they arc administered scparately.

The IGOSS Data Processing and Services System consists of the international operational data
processing and scrvices system of National, Specialized, and World Occanographic Centres for the processing
of operational obscrvational data and the provision of products, scrvices and operational data exchange
activitics to various uscr groups. National Occanographic Centres provide quality control, transmit data, and
prepare products in accordance with national prioritics. Specialized Occanographic Centres collect and
process data from the GTS and/or other sources, perform quality control, and prepare specified products.
World Qccanographic Centres reccive data from the GTS, perform quality control, and prepare global
products, The list of IGOSS Specialized and World Occanographic Centres is given in Scction 4.5,

The IGOSS Telecommunications Arrangements consist of the facilitics of the World Weather Watch
Global Telecommunication System (GTS) and other arrangements necessary to rapidly and reliably collect
and distribute data and processed information. The National Mctcorological Service responsible for the
operation of a telccommunication center of the GTS is also responsible for both transmission to and
reception from the GTS of IGOSS observational data and processed information, Section 4.1.2 abzv & contains
a description of the GTS. Mcthods uscd for transmission of data to the shore include the international
Maritime Mobile Service, radio communication using cxclusive HF bands, geostationary and polar-orbiting
environmental satellites, communications satcllites, and Very High Frequency transmissions,

IGOSS is co-ordinated through a Joint IOC/WMO Committee for IGOSS which oversces scveral
subsidiary groups, programmes, and projccts as shown in Figure 7,

42.2  Status of Present Actlvities and Future Plans

The BATHY/TESAC component of IGOSS, launched in 1972, is now the major element of the
IGOSS system. The "BATHY" refers to temperature vs. depth profiles collected using XBT’s or MBT’s; the
"TESAC" (Temperature, Salinity, Conductivity) portion conslitutes mecasurements taken with
Conductivily/Temperature/Depth cquipment. In 1989 a total of 38,615 BATHY messages and 5,444 TESAC
messages were transmitted via the GTS; the daily average was 121 messages. Countrics contributing the
majorily of thesc data were: Australia, Canada, China, France, GDR, FRG, Japan, USSR, UX, and USA.
Table 17 indicates the number of subsurface temperature (BATHY) and salinity (TESAC) mcasurcments
that were exchanged via the GTS for the period of 1984 through 1989. In 1989 the daily average number of
BATHY obscrvations was 106,

The maps given in Figures 9 through 12 depict the location of the BATHY and TESAC data
collected for the month of July 1990, using 2 differcnt map projections, Figures 13 and 14 provide the
numbecr of those observations by Marsden Square. The present IGOSS Plan and Implementation Programme
(1989-1995) cmphasizes that coverage nceds to be increased in the Atlantic, Indian, and Southern Occans
while recognizing that the Pacific Occan is not as denscly sampled as is desirable. As a result of the TOGA
aclivitics, much of the real-time XBT data collccted is concentrated in the tropics. Atlention is being given
to options for sampling in the Southern Occans, possibly by using Antarctic supply vessels or fishing vessels.
As noted below in the discussion of the Drifting Buoy Co-operation Panel, there is some hope that drifting
buoys will soon be able to reliably transmit subsurface data through suspended thermistor chains.

In 1989 approximately 200 ships (both research and merchant) from 23 countries contributed to the
collection of IGOSS data. Many of these ships caried XBT systems which receive, store, and transmit data
accurately and quickly; they can clectronically digitize XBT profiles and encode messages for satellite
transmission. These systems are modular, small in size, and can be easily installed and removed from ships.
In addition, a few ships carricd acoustic Doppler current profilers which dircctly measure the vertical profile
of ocean currents with very high spatial resolution, They can be mounted on the hull of a ship for continuous
measurement along the cruise track and can produce real-time profiles of horizontal velocity (relative to the
ship) continuously in time throughout the upper 250 metets. This results in a "TRACKOB" observation which
includes surface salinity, temperature, current direction, and current speed along the ship’s track as it travels.
Figure 15 depicts the locations of these observations in July 1990. The expanding use of automatic observing
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and data transmission capability has led to an incrcase in the number of obscrving ships because of the
reduced requirements for manual cffort on board the vessels and at coastal stations; data quality also has
improved. Since 1987 however, budget limitations have restricted the expansion of these activitics and in some
cases have caused a reduction in the amount of data over the previous few years, as shown in Table 16, due
to a lack of XBT probes.

Recently standard track lines have been cstablished-- Figurces 16 through 18-- that have also been
adopted by TOGA and WOCE aclivitics. Using these lines as a guide for the required sampling arcas,
Mecmber State commitments are needed for provision of ships, equipment, and XBT probes. The 1GOSS
Plan and Implementation Programme (1989-1995) calls for cquipping 500 ships with automatic data
formalling and reporting systems which will report both subsurface temperaturc and ship drift current
obscrvations via satellite. Other actions identificd include increasing the amount of real-time data from
retricvable profiling CTD systems, expanding drifting buoy nctworks, and cquipping more ships with acoustic
Doppler current profilers.

The lack of salinily measurements transmilted in real-time has caused concern, as noted under the
discussion of WOCE above (Scction 3.2) and has resulted in recommendations for some research vesscls
(c.g., fishcrics) to transwit data collected by these mini, non-expendable CTD devices used in coastal studies
and fisherics investigations, Presently only the USSR and Canada regularly transmit any salinity data,

Within the framework of IGOSS and WWW, 10C and WMO regularly prepare Information Service
Bulletins on Non-Dirifting Occan Data Acquisition Systems. These reports contain information on fixed ocean
data buoys, lighthouses, light vesscls, obscrving towers and platforms, oil rigs, and land-based automatic
stations which have been allocated international occan data buoy identificr numbers, For cach, the
meteorological and occanographic variables measured are given.

Moorcd data buoys arc maintaincd by Australia, Canada, China, France, Ircland, Japan, UK, and
the USA, In 1983 approximately 100 were transmitting data in real-time, mainly via the Argos System. Sca
level and drifting data buoys are discusscd below under GLOSS and DBCP,

A (otal of 18 Mcmber States have designated National Oceanographic Centres as listed in Section
4.5, Specialized Oceanographic Centers have been designated by Argentina, Australia, France, Japan, USSR,
and USA. World Occanographic Centers function in the USSR and USA. Dircct links between the real-time
data cxchange network of IGOSS and the dawa archival system of IODE are made possible through
Responsible National Oceanographic Data Centers for IGOSS operated by Argentina, Canada, Japan, UK,
USSR, and USA.

An incrcasing quantity and varicty of rcal-time or ncar rcal-time products are being prepared, some
under the acgis of TOGA, many for global change studics. To a large extent, these results are an outcome
of increasing collaboration between scientists and operational teams. An cxample of such results is the
Climate Diagnostics Bulletin, produced monthly by the NOAA Climate Analysis Center which presents
products developed using occanic and atmospheric data scts for near real-time analyses. In 1990 French
rescarch organizations began publication of a monthly bulletin called "Bulletin de I'Ocean Atlantique
Tropical” which provides products describing the thermal structure of the upper tropical Atlantic in near real-
time. It is a French contribution to TOGA. Annually IOC and WMO publish a summary listing of all
oceanographic products prepared by national centers. The 1988 listing contained 79 subsurface products, 46
surface products, and 156 surface metcorological products; these are prepared by 50 different Member States.
- Table 18 lists the number of occanographic and meteorological products prepared by cach national centre
in 1988, Product needs, development, standards, and distribution are aspects which will be addressed at an
IGOSS Products Seminar and Workshop to be held in April 1991,

In addition to pilot projects for sca level and subsurface température products, I0C and WMO in
1989 established an IGOSS-IODE Global Temperature-Salinity Pilot Project to demonstrate the IGOSS-
IODE ¢nd-to-end data management capability. This effort, further described in Section 4.5, will increase the
collaboration between IGOSS and IODE activities. Additional priorities for IGOSS include increasing
attention to quality control; a Task Tcam was established in 1989 to review qualily control procedures for
automated systems. Standardization is also important to facilitate the exchange of data. The feasibility of
establishing a similar pilot project for current measurements is being studied.
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In order to more cffectively rcalize the potential of remote sensing capabilities for IGOSS data
collection and product preparation, IGOSS and the WMO Commission on Marine Mectcorology have
cstablished a Joint ad hoc Group of Experts on Satellitc Remote Seusing.  This group is to develop
recommendations to satellite operators with regard to formats and methods for data delivery and to data
centers with regard to processing and application of these data.

Prioritics for tclecommunications improvements include the implementation of a flexible bit-oricnted
code for transmission of data in binary form on the GTS. The widespread use of this Binary Universal Form
for Data Representation (BUFR) will be accomplished in the 1990s and will ¢cnable the GTS to maintain the
capability to handle future requirements for ocecan data exchange.

43 GLOBAL SEA LEVEL OBSERVING SYSTEM (GLOSS)
43.1  Description of Functions

The Global Sea Level Observing System (GLOSS) is an international system, co-ordinated by 10C,
to provide high-quality standardized sea level data from a global network of sca level stations. This network
is to monitor changes in sca level due to global warming and indications of occan circulation patterns and
climate variability as well as to contribute to other international and regional rescarch programmes and
national practical applications. Scventy-nine countrics participate in GLOSS and have designated national
GLOSS contacts. Regional GLOSS Co-ordinators have also been designated by TOC regional bodies. The
10C Group of Experts on GLOSS provides advice to I0C on the implementation of GLOSS.

43.2  Status of Present Activitles and Future Plans

The GLOSS Implementation Plan, prepared in consultation with TOGA and WOCE activitics and
adopted by the IOC Assembly at its Fiftecenth Scssion (1989), provides details regarding the its structure and
implementation. GLOSS includes:

The global network of 300 permanent sea-level statlons, as shown in Figure 19, for obtaining
slandardized sca level obscrvations. This forms the primary framework to which regional and national sea-
level networks can be related. About (wo thirds of the GLOSS stations are operational, Establishment
and/or up-grading of about 100 additional conventional tide-gauges is required to achieve the global coverage.
Particular cfforts are required to install and maintain GLOSS stations in the Arctic Occan and the Southern
Occan. Part of the GLOSS network located in the tropical zone is considered as the TOGA sea-level
network, A sct of 65-70 GLOSS stations constitutes the WOCE array needed for support for satellite
altimetry and for estimate of transport variations through straits. WOCE sea level sites arc identified in
Figure 20,

A manual on sca-level measurement and interpretation was published by IOC in five languages
(English, Russian, Spanish, French, Portuguese) in 1985 in order to unify procedures for sea-level
mcasurcments and analysis and assist thosc member states who wish to install, improve, or reactivate their
sca-level stations. Expert consultations organized by 10C in 1988 and 1990 considered the techniques and
technology for making sca-level measurements in hostile regions, including Arctic and Antarctic regions and
high-encrgy wave environments. Their conclusion is that, with careful site sclection, technology exists and
is affordable to make sea-level measurements in such hostile conditions.

Data collection for international exchange with unificd formats and procedures which may include
ncar-real-time data collection. The flow of sca-level data from the GLOSS network includes the following
major streams (Sce Figure 21):

(i) submission of monthly mcan sea-level values to the Permanent Service for Mean Sea Level
(PSMSL); hourly and monthly mean values should be made available by national authsrities
as required for scientific analysis. Sea level data from 200 GLOSS stations are available at
PSMSL (although for different time periods). The major problems are irregular data supply
and poor worldwide communications.
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(ii)

(iii)

submission of sea-level data on a real or near real-time basis to specialized international sea-
level data analysis centres established within the framework of TOGA and WOCE
programmes, IGOSS Sca Level Programme in the Pacific. A total of 80 stations in the
Pacific submit data in an operational mode to the SOC for the Pacific. Preparations arc
under way to launch the IGOSS Sea Level Pilot Projects for the North and Tropical Atlantic
and to develop a plan for similar projects in the Southern Occans.

final submission of sea-level data from the GLOSS network and specialized sca-level analysis
centres and their archives to the World Data Centres (Occanography).

Data analys!s and product preparation required for scientific and/or practical applications. Scveral
international centres collect and disseminate sea level data and prepare sea level products:

(¥

(i7)

(i)

(iv)

)

The Pcrmancnt Scrvice for Mcan Sca Level (PSMSL), Proudman Oceanographic
Laboratory, Bidston Observatory, cstablished in 1933, is charged with the collection,
dissemination, and analysis of mean sca-level data. The computer data bank holds series
from over 1,000 stations. A catalogue of all data held by PSMSL was published in 1987,

The TOGA Sea Level Centre, cstablished in 1985 at the University of Hawaii, collects sca-
level data in the form of hourly, daily, and monthly sea-level heights, in the TOGA arca
between 30°N and 30° S in the Pe<ific. The data set, updated annually, includes 971 station
years through 1988 from 94 stations.

Two WOCE Sca Level Data Assembly Centres (DACs) arc being cstablished -- at the
Universily of Hawaii (USA) and at the Proudman Occanographic Laboratory, Bidston
(U.K.) -- for global analysis and merging of satellite altimetry data and computing the state
of the world ocean circulation and preparing further derived products.

The Specialized Occanographic Centre (SOC) for the IGOSS Sca Level Programme in the
Pacific, established in 1984 at the University of Hawaii, collects data monthly from 78 Pacific
sca level stations and prepares and disseminates sca-level products which arc valuable for
scientific analysis of climate-related ocean processes. An example of such products is given
as Figure 22.

The Specialized Oceanographic Centre for the IGOSS Sea Level Pilot Project in the North
and Tropical Atlantic, esiablished in 1989 in Canada’s Marine Environmental Data Service,
is now planning the project. When operational the Centre will receive, process and control
the quality of monthly mean data from sca level stations covering the Atlantic Ocean from
65° N to 30° S.

Asslstance and training for establishing and maintaining sea level stations as part of GLOSS and
improving national sea level networks. In order to set up the GLOSS network and ensure permancnt
operation of GLOSS stations, systemalic assistance on a long-term basis should be provided to developing
countries (through I0C TEMA and/or bilateral and multilateral assistance mechanisms) to enable them to
participate actively in GLOSS. Eight countries (USA, UK, China, Portugal, France, Sweden, Germany,
Australia) have already provided such assistance by providing instruments, installing tide gauges, training of
technicians and provision of documents related to GLOSS. More than 30 specialists have been trained at
the annual sea level training courses organized since 1984 by Proudman Oceanographic Laboratory with the
support of IOC. A sca level training course for French-speaking countries was organized by France with the
support of IOC in September 1990.
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A selected set of GLOSS tide gauge bench marks shall be accurately connected to a global geodetic
reference system, i.e., the conventional terrestrial reference frame, establisked by the International Barth
Rotation Service (IERS). The presently employed technology for sea-level measurements is inadequate for
determining long-term trends in absolute sea-level needed to understand long-term climate changes as well
as tectonic movements, The development of new geodetic techniques based on Very Long Baseline
Interferometry, the Global Positioning System and absolute gravity measurements has made it possible to link
a network of tide gauges to a highly accurate global reference system, By distinguishing sea level changes
from land rise or subsidence, this global reference system will ultimately provide the first measure of absolute
as opposed to relative sea level changes. Within the GLOSS Network about 100 absolute sea-level stations
would be required, prefcrably on open coasts which are more representative of open ocean conditions.

Table 18, prepared by PSMSL, summarizes the overall operational status of GLOSS. Stations are
categorized for each "responsible country”, defined as the country that will operate the gauge as given in the
GLOSS Implementation Plan. "Operational” stations are those for which PSMSL has received recent monthly
and annual data, checked the data, and included them in the data bank, Data is available from most GLOSS
stations located in Europe, North Americd, Australia, India, and the Pacific; most GLOSS stations for which
PSMSL is lacking data are located in Africa, South America, Indonesla, Southern Ocean, and Antarclica,
Figure 23 depicts the status of cach station, according to the 4 defined categories.

44 DRIFTING BUQY ACTIVITIES
44.1 Description of Functions

The Drifting Buoy Co-operation Panel (DBCP), established jointly by IOC and WMO, provides a
mechanism for co-operation in all aspects of drifting buoy operations. Its objectives are to: 1) encourage the
optimum use of any drifting buoy deployments being undertaken world-wide and increase the amount of
drifting buoy data available to meet the objeclives of major WMO and 10C programmes, and 2) encourage
and support the cstablishment of action groups in particular programmes or regional applications to effect
the desired co-operation in drifting buoy activities. The DBCP maintains a summary of drifting buoy data
requirements, a catalogue of existing drifting buoy programmes, and a list of focal points for national
contributions; it identifies sources of data not currently reported on the GTS and is implementing a real-time
quality control system.

442 Status of Fresent Activities and Future Plans

There are presently approximately 600 drifting buoys operated by 11 countries (Australia, Canada,
Germany, France, Japan, Netherlands, New Zealand, Norway, South Africa®, UK and the USA). All of these
utilize the Argos communications and data processing system. About 10% have no sensors and are used as
Lagrangian tracers only. Most of the others measure at least air pressure and/or sea surface temperature.
Of those, 35%-50% transmit the data via the GTS: Table 19 shows the total number of drifting buoys per
country and the portion of those buoys reporting on the GTS for the period of February 1990. Figure 24
indicates, by Marsden square, the number of reports received at the Paris Hub during May 1990, Figures
25 through 28 are regional track charts that plot the month’s movement of the reported buoys that passed
position and quality control checks. Since at least two-thirds of the buoys are presently funded by research
programmies, a significant portion of the data are considered confidential by the buoy owners. Within the
context of a proposed global ocean observing system, the question of the origin of funds is critical. Other
obstacles of a technical nature hinder scientists from sending their data via the GTS;- Problems relating to
data processing in the Afgos system are being studied and ‘are expected to be overcome within the next few
years.

Although data quallty continue 0 be uneven, there has been a gradual lmproveme.xt in the quality
of the data transmitted via the GTS this past year. For example, some 84% of reported air pressure data
are now considered acceptable and the mexn of the RMS pressure errors has fallen to almost 2hPa compared
with 3hPa for 1988, -The Argos Data Processing Centre is now designing a new data processmg system which
will: be‘more flexible and tiore effective than the present one,

*The Government of the Republic of South Africa has been suspended by Resolutions 38 (cg-VII) and 2/74/4 (Twentieth Session of
the General Confercnce of Unesco) from exercising its rights and enjoying its privileges as a Member of WMO and Member State
of 10C, respectively.
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A 1988-1989 study conducted indicates that the lifetime of drifting buoys, as measurced by the
lifctimes of their air pressure sensors, was as follows:

Lifclime over 18 months - 2%
Lifetime of 12-18 months - 13%
Lifctime of 6-12 months - 31%
Lifetime of less than 6 months - 33%

The US and France have conducted tests using thermistor chains on drifting buoys. These
expcriments have shown that presently the chain can be maintained for only about 3 months because the
chain attachment becomes brittle. New attachment techniques are being studied which may prove more
resistant,

The Panel has taken an active interest in the development of an atmospheric pressure sensor for
installation on WOCE drifting buoys, large numbers of which will be deployed for its Surface Velocity
Programme. It is hoped that, through the encouragement of the DBCP, a significant number of WOCE
drifters will be upgraded by meteorological agencies to measure atmospheric pressure.

The Responsible National Oceanographic Data Centre (RNODC) for Drifting Buoy Data is located
in Canada. The data is maintained in a data base structure. The number of messages archived per year by
the RNODC is shown in Figure 29. In addition, the French National Occanographic Center operates the
IGOSS Specialized Occanographic Center for Drifting Buoy Data.

In 1990 10C and WMO began publishing quarterly bulletins containing information on buoy
identificrs, location of deployment, latest location, variables mecasured, and data availability.

Institutions or organizations in 10 countries participate in the European Group on Ocean Stations
(EGOS), founded in 1988 as a follow-on to COST-43. The purpose of EGOS is to foster the continuation
of the joint drifting and fixed buoy programmes established by COST-43, ,

45 INTERNATIONAL OCEANOGRAPHIC DATA AND INFORMATION EXCHANGE (IODE)
45.1 Description of Functions

The IODE system was establishcd in 1960 to enhance marine research, exploration, and development
by facilitating the exchange of oceanographic data and information among participating Member States of
1I0C. The 10C provides standard forms for coding and rcporting data, encourages the preparation of data
catalogues, and assists in developing national oceanographic data centres. Within the IOC, guidance on data
and information on the international scale is the responsibility of the IOC Committee on IODE. Procedures,
responsibilities, and facilities for international exchange of oceanographic data under the IODE system are
described in the IOC Manual on internatipnal oceanographic data exchange (currently being updated by the
IODE Committee).

The prediction of climate, the exploitation of the resources of the sea, development of coastal states’
EEZs, the protection of the sea from pollution, all depend on the analysis of very large quantities of accurate
data. Swift access to these data gives politicians, scientists, and engineers the ability to make effective
decisions. If measurements made at great cost are used only once, that is clearly very wasteful; if the data
are stored and used repeatedly, all nations will benefit. The scientific and historical value of such geophysical
data lie in the fact that, once lost, they can never be recovered in detail, since the Earth system is constantly
changing and evolving.

Data and information management is considered an integral part of any international research and
momtormg programme. The economic benefit of obtaining data by exchange rather than by actual collection
is obviously large. With the advance of occanography from a science dealing with local processes to one
which is also studying ocean basins and global processes, researchers depend critically on the availability of
an international data exchange system to provide data and information from all avallable sources. IODE is
such a system

The fundamental principle of the IODE system is that national institutions, international
programmes, and individual scientists contribute data voluntarily to the data centres of the IODE system for
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the benefit of all. Users of the IODE system can then obtain free of charge or at a very low price data, data
products, or data inventory information. Responsibilities of IODE data centers - NODCs, RNODCs, and
WDC(s for Occanography - arc described in IOC Manuals on IODE, Data exchanged internationally are
those collected by national programmes, international co-operative expeditions and programmcs, and other
occanographic programmes of international interest. The IODE network includes the following elements:

National Oceanographic Data Centres (NODCs)/Designated Natlonal Agencies (DNAs). NODCs
provide the contact with the oceanographic programmes in a Member State and from those programmes
compllc the data and make it available for exchange. In addition to the responsibilitics for data collection,
processing, quality control, archiving, and dissemination of data nationally according to national procedures,
the NODCs are charged with the responsibility for conducting international exchange, Some Member States
that have not established a NODC have instead officially assigned the responsibility of international
oceanographic data exchange to some other agency within the Member State. These agencies are referred
to as Designated National Agencies. Morc than 40 countrics have established NODCs or DNAs,

Responsible National Oceanographic Data Centres (RNODCs)., The RNODC scheme was
developed to enable the international exchange system to accommodate the increasing varicty and volume
of data being collected. The RNODC is a national centre responsible for assisting the WDCs, This assistance
may be provided dircctly to the WDCs in support of their mission, directly to other Member States to assist
them with particular requirements for data provision or retrieval, or to an international scientific programme,
Usually a RNODC will provide a combination of these services. Details on the establishment and
accreditation of an RNODC are described in the Guide for Responsible National Qceanographic Data
Centres.

World Data Centres for Oceanography (WDCs). WDCs for Occanography, established within the
ICSU WDC system, are also recognized as part of the IODE system. Co-ordination of I0C and ICSU
activities in this field,is provided through close interaction between the IOC Committee on IODE and the
ICSU WDC Panel. The WDCs for Oceanography receive oceanographic data and inventories from NODCs,
RNODCs, marine science organizations, and individual scientists, freely exchange data, publications, and
inventories between themselves and provide, upon request, copies of data, inventories, and publications to
NODCs/DNAs, to RNODCs, and to international co-operative programmes in exchange, or with a charge
not to exceed the cost of providing the service.

There are a number of co-operating data centres of other international organizations such as Service
Hydrographique of ICES and the Permanent Service for Mean Sca Level as well as centres established to
analyze data from intcrnational scientific programmes such as TOGA, WOCE, JGOFS, and IGBP. A guiding
principle is that all oceanographic data sets generated by global science programmes should be banked with
the WDCs. The list of all national and international oceanographic data centres is shown in Table 20.

452 Status of i’resent Activities and Future Plans

The Committee on IODE has established close working contacts with data management groups of
TOGA, WOCE, JGOFS, IGBP, and relevant data/information management activities of such organizations
as, WMO, ICES, FAO, UM, UNEP, and ICSU. Global ocean science programmes have a strong incentive
to develop their own data management schemes to serve their immediate objectives. Nevertheless, many data
scts are or will be common to many of the programmes. Many problems concerning data handling (e.g.,
formatting, quality control, data tracking) may also be common. There is a need for a central data co-
ordination system in order to ensure proper co-ordination of environmental data flow, collection and
archiving, their easy access to scientists and governments and to avoid duplication of efforts both on national
and international levels. IODE answers such pmblems

For thc purpose of exchange of data betwecn IODE centres and also between these centres and their
users, IODE has developed the GF3 formatting system GF3 s a fully operauonal sophisticated formattmg
system. Magnetic tapes, floppy. dlsks and other carricrs can be used. It is amenable to automatic processing.
It has availabie a povvcrful and growing supporting softwarc system written in the Fortran language. Data
transferred in GF3 are better documented and are more uscful to secondary users. The GF3 formatting
system and its supportive softwarc ‘system, GF3 Proc are described in IOC Manuals and Guides No. 17 "GF3
-A Geperal Formatting System for Geo-Referenced Data". This is a six volume series that describes all
aspects of | GF3.
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As of 1988 the international marine data base system on the level of the WDCs, Oceanography,
contained data for more than 2,250.000 observations. It includes data from more than 960,000 oceanographic
stations, 505,000 bathy-thermographs, 135,000 biological obscrvations and 660,000 current measurements. The
data available cover-more than 17,000 rescarch cruiscs and include data from various international
programmes (IGY, FGGE, WCRP, MONEX, BIOMASS, TOGA, KER, SECTIONS, ctc.) Sixty-one
countrics provided data to WDCs,

WDC-A develops automated catalogue systems which can be utilized to produce a common hard
copy WDC (Oceanography) catalogue existing data holdings of WDCs A, B and D (Oceanography) and to
make catalogues, data bases available on-line,

The activitics of IODE at providing information on the availability of occanographic data, planned
and completed research cruiscs and occanographic data collected on research cruises. A diagram of the
IODE data flow is given in Figure 30, To monitor data availability, special mechanisms have been developed
which include:

() National Oceanographic Programmes (NOP)

NOPs serve the purposc of informing other IOC member states of the intention to conduct
research cruises or research programmes. NOPs submitted by member states to IOC sccretariat are widely
circulated. The NOP announceraent is prepared in a relatively free-form format and includes the following
information about a planned occanographic cruise-ship name, geographical area, date span for the cruise,
name of the programme, operating agency comment. The committee on IODE recognized that the ship
schedule database operated within the CCEANIC on-line information system at the University of Delaware,
USA provides a good basis for a more practical and usable approach to the distribution of NOPs, Actions
are under way to make appropriate arrangements between the IOC and the authorities responsible for
OCEANIC. :

(1Y) Crulse Summary Report (former ROSCOP form)

This is a general purpose form for reporting on measurements and samples collected at sea.
It is used to support a global, first level, inventory of data collected at sea and to provide ready access for
scientists, programme managers and data managers alike to timely information on who has collected what,
when and where. The resulting global summaries of measurements made will be available to scientists and
planners through WDCs and NODCs and to the Programme Offices of international programmes. The
cruise summary report forms are available in the IOC sccretariat in English and Russian and are to be
published in French and Spanish,

The 10C offers service to Member States through the Marine Environmental Data and
Information Refercal System (MEDI). MEDI provides a multi-disciplinary source guide to the availability
and creation of marine environmental data. Participants in the MEDI system prepare simple free text entries
to record information pertinent to the system and send them to IOC. Further information on a MEDI entry
can be received from the IOC Secretariat,

The MEDI system now contains entries from 35 data centres (24 countries and 2 international
organizations) describing 207 data sets, almost all available in machine readable form, In view of the
development of a Directory Interchange Format (DIF) by IGBP, the system has been recently modified to
make it compatible with the DIF. Similar in concept to MEDI is a European Directory of Marine
Environmental Data Sources, being developed by the British Oceanographic Data Centre,

The ‘Global Temperature Salinity Pilot Project (GTSPP) is being initiated by IOC in co-operation
_with WMO in order to promote, improvc, and standardize the temperature and salinity data management
mechanisms which presently exist in both the IGOSS (real-time and near real-time exchange) and IODE
(delayed mode data exchangz) systems. This is to be accomplished through co-operatlve efforts to acquire
as much of the available temperature-salinity data as practical from both real-time and delayed-made data
sources and assess the quality of this data for the user community to assist with climatic and other global
research projects. The project will develop a cominuously up-dated data base to improve the quality of the
global data set and stimulate data flow. Thus far 5 participating countries (USA, USSR, France, Australia
and Canada) are involved in developing the' GTSPP. International co-ordination is handled by an IODE-
IGOSS Steeririg Group on the GTSPP. The GTSPP Project Plan and the GTSPP Quality Control Manual
are available from the IOC and WMO Secretariats.
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Other actlvitles and projects of IODE include:

6) Development of a software package for occahographic data processing and exchange on
microcomputers, Known as the "OCEAN-PC" project, this is a joint IGOSS-IODE
undertaking, particularly to support developing country scientists and centres.

(ii) Support for the cstablishment of NODCs/DNAs in the developing countrics and
organization of training courses for specialists in marinc data and information management.

(iii)  Provision of relevant historical data scts and participation in the data management,
distribution and final archiving of data sets produced by the global climate programmes,
such as WOCE, TOGA, JGOFS and IGBP,

(iv) Expansion of the network of RNODCs and NODCs/DNAs with increased specd and
efficiency of data exchange.

v) Participation in planning and development of data management schemes for the global
occan observing system,

(v)  Addition to the IODE system of ncw data types.
(vii) Development of improved information services.

(viii)  Incrcase in services to marine mformalIOn systems, notebly through the joint FAOQ-10C-
UN/ASFIS.

Overall co-ordination of the I0C activities is provided by the I0OC Committee on IODE. The
Commiltee has established several groups of experts and Task Teams to deal with specific projects and
activities, as shown in Figure 31, Participating Member States have designated national co-ordinators for
IODE to ensure close interaction between the Committee and national oceanographic data/information
management activities. The list of IODE national co-ordinators and the structure and composition of the
TOC Commiltee on IODE and its subsidiary bodies are given in the IODE Handbook, up-dated every 2 to
3 years,

4.6 WMO APPLICATIONS OF METEOROLOGY PROGRAMME
4.6.i Description of Functions

This programme sets out the activities of WMO necessary to respond to user requirements in the
fields of agriculture, aeronautical, and marine meteorology. One component, the Marine Meteorology and
Assoclated Oceanographic Activitles Programme, promotes and co-ordinates a) marine meteorological and
oceanographic services for the high seas, coastal, and port areas; b) marinc observing systems in support of
the World Weather Watch, marine meteorological services, and climate monitoring, research, and prediction;
and ¢) the application of marine climatological information including for the World Climate Programme and
for planniny marine activities.

4,62 Statuy of Present Actlvities and Future Plans

The programme recognizes the increasing need for real-time ocean data and services. These services
are carried out through IGOSS, described above in Section 4.2. Presently the 2 major problems in providing
marine meteorological and oceanographic services are a) inadequacies, in both space and time, in marine data
coverage, for data from the marine alﬁlospht’re, at the atmosphere-ocean interface, and below the sea surface
and b) coupled with these inadequacies, growing demands from the user community for marine services
specifically tailored to user requirements, involving ever-greater precision and detail.
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The sophistication of marine services is expected to increasc in response to various needs. A major
and significant advance has been the development of satcllite technology for both marine obscrvations and
marine communications. Advancces in in situ obscrvational techniques for marine parameters will also enhance
the precision and reliability of ships’ obscrvations, thus further increasing the importance of the Voluntary
Obscrving Ship Programme. In 1982 a study was done to determine the portion of marine data held by the
US National Climate Data Centre that was transmitted in real-time. As shown in Figure 32, of the 155,247
observations taken in a onc month period, only 80,406 were cxchanged in real-time,

A Marine Climatological Summarics Scheme was established in 1964 whereby oceans are divided into
8 arcas of responsibility, allocated to 8 Member States, for the purpose of collecting, quality controlling, and
archiving ships’ weather reports and preparing marine climatological summaries, beginning with the year 1961,
All metcorological centres operating Voluntary Observing Ships are responsible for processing the data in
accordance with standardized procedures and submitting them to the responsible centre (Sce Figure 33), It
is estimated that 40 to 50 million individual ships’ meteorological veports have been archived since 1960 under
this scheme.

A. complementary project, the Historical Sea Surface Temperature Data Project, provides for the
collcction and summarization of SST and rclated marine climatological data for the period of 1861 through
1960 in international exchange formats. Ships’ data collected by the FRG, Netherlands, UK and the USA
form the basis of this sct of data holdings, and the data arc available from national centers in those countries.
These data have also been incorporated into global marine data archives in the UK and the USA.

4.7 HYDROLOGY AND WATER RESOURCES PROGRAMME

The objective of the WMO Hydrology and Water Resources Programmie is to ensure the assessment
and forecasting of the quantity and quality of water resources both for different sectoral uses and for hazard
mitigation. Its scope includes measurement of basic hydrological elements from networks of meteorological
and hydrological stations, hydrological forecasting, and development and improvement of relevant methods,
procedures, and techniques. ‘

48 WORLD CLIMATE PROGRAMME

The World Climate Programme (WCP) promotes the improvement in the understanding of climate
processes through internationally co-ordinated research, and the monitoring of climate variations or changes.
It also promotes the use of climate information to assist economic and social planning and development. The
four components are: the World Climate Data Programme, the World Climate Applications Programme,
ithe World Climate Impact Studles Programme, and the World Climate Research Programme. The last
component is carried out jointly by WMO and the International Council of Scientific Unions, whereas the
climate impact studies are co-ordinated by the United Nations Environment Programme. The World Climate
Data Programme has developed a personal-computer based CLImate COMputer system (CLICOM) to be
installed in countries around the world as a basic data management tool. Thie system is designed to perform
data entry, quality control, storage and retrieval, data inventories, and basic climatological product
preparation. The goal is to have this system operational in over 160 countries by 1991 and in all countrics
by 1997. Companionably, the World Climate Data and Information Referral Service (INFOCLIMA) was
established in 1986 to provide a central reference point for Jata sources. The latest INFOCLIMA catalogue
contains 1031 data set descriptions from 268 data centers in 112 countrics.

The Working Group on Sea Ice of the Commission on Marine Meteorology addresses both Www
and World Cliinate Programme requirecments for sea ice data. Although the resolution, accuracy, and
frequency requirements for sea ice data have not yet been determined for WWW purposes, the requirements
of the World CLimate Research Programme- 30 km and 3 days- are gencrally accepted. Rapid advances in
measurement techniques have deferred definition. This Working Group has developed a Global Digital Sea
Ice Data Bank in support of World Climate Programme requirements; World Data Centers A and B for
Glaciology in Boulder, Colorado, and Leningrad are used, with data archived in SIGRID format. Archival
began in 1990 with first priority being given to the 1980-1990 decade.

In 1989 the WMO Commission for Climatology initiated a Climate Change Detection Project to
provide reliable analyses of climate trends and variability and an authoritative evaluation of the climate state
for decision-making purposes. The project will attempt to collect more climate data with well-documented
station information (metadata) and to process them using uniform (objective) procedures. It is envisioned
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that the project will be an intcrnational focus for co-ordinating the construction of composite data sets,
including satellite and in situ observations of land, air, water and oceans, and their usc for climate change
detection. A meeting of experts will be convened in late 1990 to develop a long-term strategy and
methodology for the sclection of paramcters and their required observational accuracics. The focus will be
to provide information required to validatc global climate change model predictions.

49 GLOBAL ATMOSPHERRE WATCH

The Global Atmospherc Watch is primarily a land-based atmospheric composition monitoring
nctwork that incorporates the existing Global Ozone Obscrving System and the Background Air Pollution
Monitoring Network. It will consist of about two dozen observatorics of global importance and a few hundred
stations of regional importance. This programme could be augmented if platforms could be used that are to
be designated for the global ocean observing system,

410 LONG-TERM MONITORING SYSTEM OF COASTAL AND NEAR-SHORE PHENOMENA
RELATED TO GLOBAL CLIMATE CHANGES

The UNEP, 10C, and WMO are now developing a draff proposal for long-term monitoring in the
coastal zone which will contribute to national, icgional, and global efforts to assess climate change and its
cnvironmental and socio-economic impacts and to develop and implement policics and measures to mitigate
the undesirable effects of those impacts. Paramcters would include physical, chemical and biological
variables, The plan stresses that data from exisling systems, such as those described above, will be used to
the maximum extent possible. The proposed system will be a framework. Categorics of sites are proposed
as: a) global bascline sites, b) rcgional baseline sites, and ¢) national sites. The first two will be located at
a distance from direct anthropogenic influences. The third will provide site-specific data on changes. This
proposcd system is viewed as complementary to the global observing system. Some of the parameters to be
measured at the global and regional stations will be the same as those established for the global ocean
observing system.

S NEW TECHNOLOGY
51 " SATELLITES

Satellite observations and satellite data links are significant components of an ocean obscrving system,
Global coverage of critical surface variables needs to be provided on a continuous basis by satellite ocean
remote sensing. Fortunately, the opportunity for increased satellite earth observation data exploitation is
tremendous. By the year 2001 the volume of environmental satellite data available will increasc by two orders
of magnitude: Sensors will provide data of improved accuracy, resolution, and in more wave bands, which will
allow more comprehensive monitoring of oceanographic parameters.

Synthetic aperture radar (SAR) technology has revolutionized the capability to obsesve sea ice. In
the next decade the SAR will reduce the horizontal resolution available to users from one kilometer to tens
of meters which will, for example, improve sea ice analysis and forecasting. -

Recent advances in satellite processing capabilitics, both at central sites and direct readout sites,
allow expanded utilization of satellite data. These capabilities include im; roved imagery resolution,
soundings, communications, new sensors, new satcllites, and processing. The greatly increased availability
of small incxpensive computers is allowing more data users to manipulate data and prepare products.
Training is necded in new sensor parameters and how to apply these data to user needs. The 10C is
developing training programmes to assist users in applying remote sensing to specific needs. The increase in
the flow of remotely sensed-data will make it necessary to devclop methods to reduce this volume into
products for immediate use and exchange.

Several national level programmes are being planned to better define the dynamic processes of the
earth’s environment. Scction 4.1.2 and Table 12 through 15 describe the status of satellite planning activities.
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Additionally, satellite-based communications systems have extensive marine applications., The
ARGOS system, flown on the NOAA polar-orbiting satellites, collects and locates data from ocean platforms.
The geostationary meteorological satcllitcs collect data from platforms with known locations. And the
INMARSAT system of dedicated satellites collects ships' weather reports and disseminates meteorological
information for commercial shipping purposes.

52 AUTOMATED SHIPBOARD DATA COLLECTION SYSTEMS

Automated systems arc now available to receive, store, and transmit meteorological and
occanographic data accurately and quickly using satellite communications. These systems are small in size,
:modular, and are casily installed and removed from ships. They provide a dircct interface to expendable
bathythermograph (XBT) probes and automatically encode a GTS message in the proper format, As the
number and capabilitics of these systems increase, it is expected that significant improvements will be scen
in both the amount and the quality of rcal-time ocean data.

53  NEXT GENERATION V/ATER LEVEL MEASUREMENT SYSTEMS

The Next Generation Water Level Mcasurement Systems (NGWLMS), now installed at scveral of
the 300 GLOSS locations, are a major upgrade of the standard water level gauge. Developed by the U.S,
National Oceanic and Atmospheric Administration (NOAA), NGWLMS take advantage of an acoustic sensor
-\o measure the water surface instead of the conventional float and bubbler method. This sensor, coupled with
the implementation of new geodetic techniques based on the Global Positioning System and Very Long
Baseline Interferometry, has created the opportunity to measure the absolute global sza level. NGWLMS use
a microprocessor-based data collection and rccording subsystem which improves data quality and permits
frequent data transmission to a central facility via the Geostationary Qperational Environmental Satellite
(GOES) System. Up to 14 ancillary sensors may be installed.

54 AUTONOMOUS VEHICLES

Robotic vehicles and platforms are expected to supplement and eventually replace ships in furnishing
the conventional observations requircd for GOQS. These intelligent autonomous submerged vehicles are
capable of sampling physical, chemical, and biological parameters. It is envision:d that autosub hydrography
can be deployed for trans-ocean sections to measure the fluxes of heat, water, and chemicals carried by ocean
currents around the worid. Concentrated surveys of the scasonal boundary layer can be undertaken at
particular climate-sensitive locations.

5.5 ACOUSTIC TOMOGRAPHY

Previously applied in medicine and in geology, tomography employs beams of energy to create a
three-dimensional image of the area traversed. In 1979 two American scientists proposed that it be adapted
to measuring the physical properties of the occan, and instruments were developed to conduct experiments.
The concept is based on the fact that sound radiating along the deep ocean acoustic wave guide van be
detected over a great range. The mean temperature and along track current between 2 hydrophones can be
diagnosed from the time taken for a pulse of sound to propagate each way between them:. Some information
about the vertical distributions of temperature and current speed can be derived from the slightly different
travel times of sound undulating over different depth ranges along the wave guide. A feasibility study of this
technique will be undertaken ir 1991 using sound paths from Heard Island in the southern Indian Qcean.

56 FLOATS

Subsurface floats provide velocity observations which improve the description of general circulation
but have not to date been used for basin-scale inferences. The WOCE experiment is supporting research
to improve float technology. Satellite-tracked multi-cycle, pop-up autonomous Lagrangian Circulation
Explorer floats are now operational, having becn successfully deployed in the Antarctic in January 1990.
Sound-fixing and ranging floats (RAFQS) have becn operational for several years but are now undergoing
substantial redesign to .improve reliability and cost-effectiveness. RAFOS float experiments in support of
WOCE are scheduled for 1992,
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5.7 EXPENDABLE CTDs

Expendable Conductivity/Tempersture/Depth (XCTD) Profiling Systems are now produced which
can collect salinity profiles to 1,000 meters from ships underway. The system consists of a data acquisition
system, launchers, and expendable probes. Intercomparison tests conducted with the cable-lowered CTD
systems have proven reliable enough for XCTD systems to be made commercially available.

58 PLANKTON MONITORING

Plankton monitoring is used as an indicator of changes in plankton communities over time and space
and may be used as a baseline for determining the impact of climate changes on fisheries populations, Self-
contained automatic plankton recorders are towed by ships-of-opportunity along fixed routes at monthly
intervals, Since 1931 a Continuous Plankton Recorder Survey has provided data from the North Atlantic and
North Sca, the only marins ecological survey operated routinely on an ocean-basin scale. Ten countries have
participated in this survey. In view of funding shortages which threaten the continuation of this work,
international support is being solicited.
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Development Panel (OOSDP)

-Scientific Steering Group for
Global Energy and Water Cycle
Experiment (GEWEX)

ICSU

SCOR

*Special Committee for
International
Geosphere-Blosphere Programme
(IGBP)

«Science Committee on Joint
Giobal Ocean Flux Study (JGOFS)

*Executive Committea on JGOFS
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Table 3. TOGA Data Requirements
Parameter Horizontal (Vertical) Time Accuracy
Resolution Resolution
1. Upper Air Winds 500 km (two levels 1 day 3 m/sec
900 and 200 mb)

2. Tropical Wind Profiles 2500 km (100 mb) 1 day 3 m/sec
3, Surface Pressurs 1200 km 1 day 1 mb
4. Total Column

Precipitable Water 500 km 1 day. 0.5 g/cm?
5. Area Averaged Total

Precipitation 2° lat x 10° long 5 days 1 cm
6. Global SST 5° x 5° , 30 days 0.5 K
7. Tropical SST (1) 2° lat x 2° long 15 days 0.3 K-0.5 K
8. Tropical Surface Wind (2) 2° lat x 10° long 30 days 0.5 m/sec
9. Tropical Surface Wind

Stress(2) 2° lat x 10° long 30 days 0.01 Pa
10, Surface Short-Wave

Radiation 2° lat x 10° long 30 days 10 Watts/m?
11. Surface Humidity 2° lat x 10° long 30 days 0.5 g/kg
12, Surface Air Temperature 2° lat x 10° long 30 days 0.5 K
13. Tropical Sea Level (3) 1 day 2 cm
14. Tropical Ocean Sub- (4) (4) (4)

surface Temperature
and salinity

15. Tropical Ocean Surface

Salinity 2° lat x 10° long 30 days 3x 10
16. Tropical Ocean Surface

Circulation 2° lat x 10° long 30 days 0.1 m/sec
17. Subsurface Equatorial

Currents 40° long (5 levels) as recorded0.l m/sec
(1) The combined space/time resolution and accuracy specification is not feasible at

present. Priority is then given to the space/time sampling requirements. The
higher accuracy requirement applies to waters above 25°C.

(2) While the accuracy requirements given are for 30-day averages, daily values are
required for resolution of 30-60 day oscillations.

(3) As permitted by the existence of suitable sites and satellite altimetry.

(4) See discussion in Section 3.1.



Table 4. Observing Systems for Atmospheric and Oceanic Parameters

Identified by TOGA

Obmerving systems for atsospheric parameters

Parameter

Observing systems

Phenomenon observed

Upper air winds and
tropical wind profile

Humidity (total
precipitable water)

Surface pressure

Surface winds/
wind stress

Precipitation

Global sea surface
temperature

Rawinsonde,

Doppler wind profilers,
Aircraft, Geostationary
satellites

Radiosonde, Rawinsonde,
Satellite remote sensing

WWW surface station, VCS,
Drifting and moored buoys

WWW island and coastal
station, VOS,

Moored buoys,

Satellite remote sensing

CLIMAT raingauge
network, Satellite
remote sensing

VOS, Drifting and
moored buoys, Satellite
remote sensing

Rotational wind field,
Divergent motion in the
tropics, Monsoon variabil-
ity. E1 Nifo, wind ano-
malies for diagnosing

- Southern Oscillation

- 30-60 day oscillation

Convective heating

Southern Oscillation and
30-60 day oscillation, El
Nifio

Surface fluxes of momen-
tum, Monsoon variability,
El Nifio, wind anomalies
for diagnosing

- Southern Oscillation

- 30-60 day oscillation

Rainfall pattern

Surface temperature
pattern

o¢ o8ed
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Observing systems for oceanic paramseters

Parameter

Observing systems

Phenomenon obssrved -

Tropical sea level

Tropical ocean sub-
surface temperature

Tropiczl ocean
salinity

Tide gauges. Satellite

altimeters, XBTs, Drift-

ing thermistor chains,

Moored temperature
sensors

XBTs. Drifting ther-
mistor chains. Moored
temperature sensors

CTDs, Surface sampling,
XCIDs

Sub-surface and near- Drifters, Moored current

surface current
velocity

meters, Current profilers

Tropical sea surface Drifting and moorez

temperature

buoys, VOS, Satellite
remote sensing

Variability of thermo-
cline and ocean surface
topography, Surface
geostrophic currents,
Response to wind stress
and barometric pressure

Variability of ocean
heat storage

Variability of ocean
density, stratification
and upwelling

Surface and sub-surface
Ocean currents

Anomalous ocean circulation
events, Upwelling
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Table §. Initlal Requirements for TOGA COARE
OCEANOGRAPHIC OBSERVATIONAL SYSTEM REQUIREMENTS
Time Period ATLAS PCM CM | Met CcTD/ Micro- Drifters
SeaSoar Structure
(moorings) {buoys) (cruises*)| (cruises)
Pre-COARE 15 2 3 12 2 1 15
I0P 15 6 5 20 3 3 100
Post-COARE 10 3] 13 1 75
*cruises are nominal 30-day cruise
OCEANOGRAPHIC OBSERVATIONAL REQUIREMENTS FOR TOGA COARE
SHIPS AIRCRAFT
Periods ATLAS PCM CM hydro mixing WP-3D Electra
(mooring maintenance survey
cruises)
Pre-COARE 3 (3x30)* 2 1(30)
(10+20)
I0P 1(14) 1(20) 3(2x90) 1(40) | 80 hrs. 40 hrs
Post-COARE 2(2x30) 1(14) 1(15) ,

*2 cruises, 2 ships, 30 days long each

INTERFACE OBSERVATIONAL REQUIREMENTS FOR TOGA COARE

IN SITU OBSERVATIONS SATELLITE OBSERVATIONS
Periods Surface High‘ Eddy . -
) Met Quality Correla-| AVHRR GMSobs DMSP TOPEX
Buoys Ship tion
Met Fluxes
Pre-COARE 18 all 3-hrly all
data data
1op 20 5 all 1-hrly all wave
data data forms
Post-COARE 13 all 3-hrly all GDR's
data data
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Table 6, Major WOCE Resource Requirements
Obsérvallonal Element Requirement
WHP - One Time Survey " 10.4 ship years, based on 270 days

at sea per year
Repeat Hydrography 15.0 ship years, based on 270 days
and Time Series at sea per year
Subsurface Floats ca 3 500
Surface Drifters ca4000
Moorings (current meters, ca 350
Thermis}or chain, pressure gauges,
Upward-ADCP)
Sea level stations 40
XBT standard (750m) 50007y
besides the on-going TOGA programme

XBT deep (1000m) 11500/ :
XCTD depending on technical availability
ADCP depending on no. of research vessels/VOS

available -
-also ca. 40 moored ADCP .
Altimetry/Scatterometry several satellite missions over the next ten years

evessevusncvas L Y e T P P L e e e P e L L e L]



Table 7.

Main Satellite Sensors for WOCE

(Anticipated lifetimes shown by arrows)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
ERS-1 ERS-2 > ESA PP -
>
ALTHAETERS
TOPEX/POSEIDON
(Sea Level, Waves, Sea ice »
extent) Geosat Follow On (?)
>
ERS-1 ERS-2 ESAPP
> > >
SCATTEROMETERS NSCAT on ADEOS >
(Wind stress) US PP (Eos) >
LASER ATMOSPHERIC
WIND SOUNDER Japan PP
VIS/R ERS-1(ATSR) ERS-2 (ATSR) ESAPP
> >
{SST, Radiation, US PP (Eos)
Precipitation, Sea ice extent) >
Operationai met. (NOAA,GOES, Meteosat) >
PASSIVE MOS-1b
MICROWAVE > Japan PP
(Atrnos. water, Sea ice extent) DMSP
>
SYNTHETIC APERTURE RADAR RADARSAT >
(Sea ice arift ERS-1 ERS-2 ESA PP
>
>

WOCE Intensive Pariod
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IOC/INF-833 Table 8, Matrix of Parameters Proposed and Those Presently Measured

page 40
GOOS Existing/Planned Ocean Systems | Large Scale Research Prog
21 e @
JtHEEHEEEEE Lk
o
PARAMETERS ga g § 813 g 81g| 8
[N BT 3;- sﬂ 5 FORRSY PR ~:

ATMOSPHERE et il It 2 §\§ \
Winds : e R

£

Atmospheric pressure XN

Ay

R

Precipitation

Relative humidity

Air temperature

Radiation
OCEANOGRAPHIC
Physical Oceanography

PLPPILPIFL OO PIIROTEPEELIIETIREEIEPS
<

Sea Surface Temperature

PPN IL.

Sub-Surface Temperature

Surface/sub surface Salinity

Currents

Sea-level/Dynamic Topography}:
Tides

%,

Sealce ; &
RO PP IIITIII POV III VI GIOIIIIIIIIPI IO I AP #2221 P07 =~ et s BN ey
e P TARAY
% 255 N
Marife Blology o SN
POLIIIPESLOPELEIIISEROPISRII ORISR RSS2 E2 IS P PP 5355 ’ 722 4] rlll |2 r00Qss Py WA

Pigment Concentration

Plankton Concentration

Primary Productivity

Secondary Productivity

Phytoplankton Biomass

Zooplankton Biomass

YOS ECT OO OO G OO EE PO CELTECSS Lo g CLay Cadd (Ll

Marine Chemlistr

-~ L L

(L Ld

o ’ voteses
PCOR2

Marine Aerosols

Nutrients

%

Y
A
R
oren
el
Ny
o
L

Pollutants Teg

Radionuclides

Trace Elements

Table 8. Ocean/atmosphere parameters proposed
for inclusion in global ocean observing system -
and parameters presently being measured -
and exchanged within existing observing and dala
management gystems and Internationa!
research programmes.
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Table 9. World Weather Watch- Data Needed to Obtain Optimuim Results from Numerical Weather
Prediction by the Late 1990s

Element Horizontal Vertical Observational Hinimm
resolution interval error frequency
(res) cobeervation

Opper-air ocbservations

Temperature ‘'’ 100 km ¢ S00m to 2 km ‘> TEMP:
and 0 =--cecccce- 1 km to 15 km +0.5-1.0°C tropo. 4 per day
wind 50 km 3 km to 30 km $1.0-2.0°C strato.

WIND:

#1-2 m 5”' tropo.
£2-3 m 8°' strato.

Relative 100 km ¢*? S layers to 10 km  +10% 4 per day
humidity = smsescsccs ceccecmeccaecac-oo
50 km S00 m to 2 km
4 layers to 10 km

Surface observation

p‘*), T, Ts 100 km P: ¢+ 1 hPa 8 per day

State of = ------ T: ¢ 0.5°C

surface *%? 50 m

wind Vi ¢+ 1 m/s

Soil temperature 300 km * 1.0¢°C 1 per day

down to 1 m

Sea-surface 100 km ¢*? + 0.5°C Instantaneous

terperature measurements

{SST) averaged over
three days

Ocean mixed 100 km ‘*? + 0.5°C Instantaneous

layer: T and measurements

salinity (for averaged over

ocean/atmosphere three days

coupled models)

regional
Notes:

(1) Radiance measurements are possible alternatives to the retrieved temperatures.

(2) Satellite measurements will supply the 50-100 Jm resolution data, global
coverage required on the GTS; additional observations for regional needs
obtained by direct readout fromn satellite.

(3) Satellite radiance measurements are not capable of such resolution. The stated
numbers are couched in terms of what is desirable for the models. Satellitus are
expected to be able to produce 10-15 real layers. Radiogconde observations should
be transmitted in sufficient detajl to completely describe the
temperature/humidity structure of the atmosphere in the vertical. Geopotentials
at standard levels should also be computed and transmitted from rvadiosonde
observations for use in quulity-control procedures.

(4) In addition to the exchanqe of mean sea-level pressure, pressure measured at
station level should be exchanged globally.

(5) State of surface includes precipitation, soil moiature, soil temperaturs,
emissivity, albedo and snow and ice coverage with a resolution. accuracy and
frequency based on common requirements determined by WMO technical cormissions.
One observation per day is probably sufficient.

(6) Mostly via satellite measurement. SO Jm desirable in areas of boundary
currents, upwelling and near the Equator.



Table 10 - BASIC SET OF GLOBAL OBSERVATIONAL DATA REQUIRED AND TO BE MET 8Y THE GOS BY THE LATE 1990S **

(BOTH IN SITU OBSERVATIONS AND REMOTELY SENSED DATA)

Norizontal resolution

Vertical resolution

Observational error (ms)

Frequency of observation

i. Upper-air 250 km (A) 10 layers in troposphere 0.5-1°C zrop. 2-4 per day
temperature (T) S layers in stratosphere i-2°C strat.
ii. Upper-sir 250 km 10 layers in troposphere 1-2 m s'1 trop. 2-4 per day
wind vector (V] 5 layers in stratosphere 2-3 ms”? strat.
iii. Upper-air relative 250 km & layers 10% 2-4 per day
humidity (RH)
iv. Sea-surface 250 km - 0.5°C with systematic Instantaneous measurements
temperature [T.] differences among observing averaged over 3 days
systems eliminated on 3 day
averages
v. Surface 250 km - 4 per day
pressure [P} + 1 hPa
Temp. [T, Td) + 0.5°C temp.
Wind vector (V) . +1-2ms’}
State of surface & soil * - - -
vi. Satellite At least 3 km horizontal At least 3 layers - low, To be determined; will be 8 per day
imagery (B) resolution of imagery middle, high and cloud top function of latitute fer geo-
height stationary satellites
CA) Tropics: 500 km resolution sufficient for temperature.

(8) Sateliite imagery included here because of its use in computing vertical motion and divergence fields, as well as for determination of synoptic
distribution of water vapour, precipitable water and cloudiness.

-

Includes precipitation, soil moisture, soil temperature, emissivity, albedo, snow and ice coverage.

determined, information required from other technical commissions.
Table 10 defines a basic set of the global observational data requirements which generally can be met by the GOS and, therefore, should be used in

the design and implementation of the GOS.

Resolution, accuracy and frequency not yet

Zp 9%=d
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Table 11, List of Countries and Summary Table of Ships Participating in the YOS Programme - 1988

Selected [Supplementary
shipe ships "

o A

£ 9

TR ' I

oY IR ECH E L R A NCI BB

LR AAR AR R E RN

RN Ey% 1313

1 2 4 S 6 7 8 9
Argentina Cr e ie et es e st tanatetsersseonn 75 - 15 10] - 10 85
Australia N Y 82] -~ | 82 11 - 11 4 97
Bangladesh  ....civieeentensnnennnonnsens 9} -} 9 2l - 2l - 11
BOLGAUM vvvevvnvenennrnenesnenseecsseessa | 660 - 66} -1 -1 -1 -] e6
1 . U T 6] -} 6] 176] - | 176] 1%0] 332
Bulgaria Cheeertiet et e bt ae e 6y ~ 1 e} 28} - 1| 28} -~ 34
Canada ....... Cer et rar ettt enarestaane 125) -~ | 125 -t -1 - 346§ 471
Chile  iiiirvrernnirenrnonanns Ceeviaaaee 2 -~} 2] - -] - - 2
China ..... ettt 0] -~} a0 -1 -1 -] -] 40
Cuba ceereaea eeteeirasaens Creraiienes al -1 4} -1 -~V - - 4
DanemarX e e eteses e rec ety 191 -~ ] 19 4] -} 4} 30} sS3
Finland ....oviiiinennienrnenenss Cheseneana -y -1 - 13) - | i3 - 13
FLANCE  vvvvrnnvnevnonseesonensesnnenns o2 - pwe2l -t - - -] 162
German Democratic Republic .............. ] 142] 22} 164] - ) - | - - | 164
Germany, Federal Republic of ........... .| 352] 9} 361} 5S3] 1] 5S4f 34] 449
Greece .....eieveens et iierees et 2 -} 2 -1 -1 - 18§ 20
Hong KONG  .ivvvenrnvonrnnens Ceteeraaeaae 63] -~ ) 63} 251 -] 25 1| 89
Iceland  .......¢cc000vne e ereteneraaaae -1 -1 - 30 - | 30] 18] 48
INAEA tevreevenenneerenenaenensnenns - 20 -1 20) 187] - | 187] 36| 243
Indonesia ........- Ceeretiaaeriarerarea -y -1 - 14] -1 14] 18] 30
Treland .....ovivvnrnnnsernnansnsnns veeanns 7 - 11 -1 -1 - - 7
Israel ........ Ceeerereens et etaeee ceen s ~| 38 - -1 - - 38
TEAlY ciiiieietrtinencrttananrrasanns . 13 - 13 -1 -1 - - 13
Jamaica ......... Chreaeaseraretaaa e, il -} i -t -1 - - 1
Japan  ..... e etetiareesaes e e raana .. | 184] -} 184} 39 -} 39 2| 225
Kenya ...cieianens Cereettasaeseneranenan -y -] - 1] - | 1] 13} 14
Korea, Republic of ......civveicivneincnns -y -1 - 671 - | 671} - 67
Malaysia ettt 34| -1 3a] 141 -1 1w} 18] 64
Netherlands .....iceeessenersecsvnsansnes 129] - ) 129} 14s5] 10} 1ss| - | 284
New Caledonia ...vviierineesevenersanans 1] - il -1 -1 - - 1
New Zealand .......... e hresenerasereenns 411 - | 41 31 -t 3] 121 se
NOKWAY .t iiviureoernosnoavoonanasasssonns 29 -~} 29} -} -1 - - 29
PAKISEAN  vtnvnnernneenoonsonenseneesanss 9] -~ of 2 -} 2 s| 1e
Philippines .viveveinevornosnsonsnancanne 34 - | 34 8l -| 8 71 49
POlAnd .vevvrnreveenrerrncecencnensnense. j208] -} 208] s71 -} 57| 78] 240
SaUdl Arabil vuvveneirirennrieeniierneanes 1s) - | 15| 83 -} s3] 2] 100
Singapore ...... et eieiearereeiteaaaenans 4} -~ 44} -| -} - - 44
South Africa * ..iiiierornrncerccnnnnsaas 37 -1 371 -1 -1 - - 37
Spain .. iieiciinieaenes Ceshestriseeeaan a71 - 4% -1 -1 - 6] S3
SEL LANKA  vvverennceneennennrnnenensnnss 14 -1 w1 -1 -1 -1 - 14
1Y -1 Y 42) -1 424 - -} - s} 77
Switzerland .....iciiiirrierentanentionen 717 -1 7 i) -1 i} - 8
Tanzania, United Republic of ......ccu... 4 -1 4 3l -1 31 114 21
Thailand  ...viiiienrernreeorercecnensans 4] -1 4] -1 -1 - - 4
Union of Soviet Socialist Republics ..... 1406} - |1406] - | -] - - |1406
United Kingdom of Great Brit. & N. Ireland | 438] 3| 441 7y 1] 8 3] 452
United States of America ................ | 430} - | 430] 342] - | 342] 501]1273
YUGOSLAVIA o vwv s evv e oo sensssrornososs 95} - | 95| 83} -] 831 - 1178
TUTALS 4404] 34]4438]1408| 12]1420]134417202

1 i ) i

Note:

(1) Includes special ships

*  The Government of the Republic of South Africa has been suspended by Resolution
ago(ca-vu) from exercising its rights and enjoying its privileges as a Member of



®ote that this table {s NOT to be read from left to right. The black dot ‘

Table 12.

Oceansgraphy (1990-2010)

Current and Planned Satellite Systems in Support of Marine Meteorology and Physical

represents the sensor and the applicetion relationshiy; the ehaded triangle
represents the eac.isor and the eatelllte relatlonship.

applications for ocean currents and circulation,

For example, Ln the

the altimeter is an

eppropriate sensor e indicatad by the black dot; altimeters are found on the

ERS series,

the Geosat follow-on,
esatellites support the ocean currents ans circulation applications.

TOPEX /Poseidon,

etc.

a0 that these
It 1w

incorrect to infer that the Meteor series, located on the same line as Ocear
Currents/Circulation, cen make those msasurements.

b J,é £ & | SENSORS
o e—— &/ 5/ 5 /P s /& T SATELLITES AND TIME
APPLICATION < \é’ A‘? é‘? £ (,a& f \é" v v Calendar Year
¢ ‘}\\d‘ \b‘f e\*‘. J’é 4 d’,. q,i jé j “C:'.':'Z, ?,‘;':‘_‘ 1% 1991 1992 1993 13% 1995 199 1997 19% 1999 ene.
Atmospheric Temperature A usa NOAA Series w
Abmespheric Water Vapor/Moisture £ Cosmas Series Wﬂ
Marine Geodasy/Sea Surface Topography /. V¢ DMSP Serien
Marine Weather Observations | /%A1 /. 4 ERS Series IR | . | | |
Ocesn Curreats’ Circulstion /£ Meteor Saries { | |
Ocean Color/Water Mass / MOS Serles m ) | ) \
Procipitation Profiles g fz] China Fr-ib N 1 : 1 1 1 ! 1 L
Preciphation Rates fsa |ums | e
Sea Ice Cover snd Extent / /5| Japen JERS-1 ' ' ' ' L o
Sea Icx TypeDistributicaDynamics | ¢/ 3 A Covast Follow-Om T 1
Sea Surface Temperature PI.;.{ £:4 USA Lendsat Series i I 1 ! |
Sea Surface Winds A Feamcs | SPOT Sertes | |
Significant Wave Helght [ @/ 4 USA/Francel TOPEX /Poscidon I e e e e | i l l
Sters Meaitoriag and Warning g o USA SeaWiFS l | I [ | ]
Upper Atmospheric Winds p Connds | Radarsat L1 ) | SeSSaaa——
Upper Atmcspheric Composition ; LA dwem ADEOS " { i 1 | T———
Wetlando/Esturine Monlioring & A TRMM l 1 1 1 1 i w !
1 ¥ L) 1 1§ 4 L 3 T & o
A ) S e L] A2) A BSA EPOP \ , , . L . S AN———
W A4 444 ror t ] } } } } I a—
/ /£ A 1w |sror 1 1 i [ B == == ===

Legend for Support to Marine Meteorology and Physcial Oceanography::

2 ———

= Sensor Manifested on Satellite (Use right hand Portion of Table)

® = Semsor Application to Marine Mctcorology and Physical Oceanogranky (Use left-hand Portion of Tabie)
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Table 13, Overview of Current
Satellite Measurements
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Meteorpiogcal Ouservabons. Weather

Stom Monionng and Warmng

Search ang Rescue

Ortd Determanaton

Geodesy. Grawnty Fields

€arh Surdace Magneds Fieias

Prate Mooon and Crystal Delormaon

Surface Sod Morsture

Lang Surface Comooston

Land Surface Buologeal Actvy

Surtace Topography

Surface Temoerature

Sngw and ice Cover

Sea ice Cover

Sea Surface Winas

Ocean Topography. Waves

Octan Crcidation

Ocears Lakes Beologe:dl Actvity (Color)

Aercaols

Troposohenc Winds

Troposphene Composaon

Cloud Propertes

Anosphenc Temperabusre

Aimoaphenc Momsture

Precipetasory ice Profies

Preciptation Rase

Lightnng

Upper Atmosphenc Winas

Upper Aznasphenc Composbon

Qzone Monnor

‘Parncies and Freids Erveonment

Jonasphete

Earth Racrstve Balance

Je . .

Solar ¥rakavon

e el o

T elecomimurncatons

KEY

o No global coverage after October 3, 1989

1- NOAA-10 only
2+ NOAA-11 only
3-Calculated from cloud motions



Table 14.
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Overview of Planned/Proposed
Satellite Measurements: 1990 - 1995

Meteornngedl Observatons. Weatner

Siomm Monionng and Wamsg

Staren g Rescue

Oront Dedernmangton

Geodesy. Grawty Fulds

Evth Surtace Magneoe Freids

Plate Moson and Cristad Detormaton

Sirtace Sod Mosture

Ling Surlace Comoosaon

[ Lira Surtace Bulogecal Actvty

[“Surtace Topogr sty

Surtace Temoerature

Siow ang ice Cover

S13 toe Cover

Sia Surlace Wnds

Ozean Tapography, Waves

Ocean Coaanon

Oared skt Biciogcal Acwty (Colon)

Awoeois

Troposohene Winds

Tropasphenc Composton

Cioud Properves

Amospherc Temperahusre

Avrosphenc Water Vapdr, Moisture

Precipitssorvics Profies

Pecipitston Rate

Lgrewy

Upoer Avnasphenc Winds

Upper Armasphenc Camposaon

Ozone Moreor

Paracies and Fields Ermaronment

L:m

€arn Racasve Balarce

Socw wracaon

T ewcomrurecahons
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Table 14.  Overiew of Planned/Proposed
53 ° j j
Satellite Measurements: 1990 - 1995 (Cent.) \j N ‘3.\ y f 4 o

Is"“"/ S
AY

W 3:/

,"ﬂo,

L

>

.

:,'2%

7]
'ﬂhb’

f%

Meteoroiogcal QOservabons. Weatver .
Stomm Morvignng and Warmeng
Search and Rescue

Ortat Oetermanabon
Geoaesy. Geavty Fraids .
Earth Surface Magnelc Freids .
Pate Moton and Crustal Oeformaton .
Surtace Sod Mcxsture °
Land Suriace Composaon
Lang Surlace Bedlogscal ACtwily .
Surface Tapograony .
Surtace Temperatue . el e o] o
Srvow and ice Caver o o
Sea ice Cover °
Sea Surface Wnas .
Ocean Topography, Waves

Ocean Cwroiinon
Oceans/Lakes Biclogcal Acywty (Color)
Aeroois

Troposphenc Weds 1e 1e '3
Troposphenc Composmon
.| Cioud Properses . o| o
Awmosphene Temperaure .
AmOoeprrs Water Vapor, Mosure o] e
Precprasonvice Profies
Pre<xpitanson Rate
Ugrewg

Uppey Abrospnenc Wnas 1e 19| o
Upper Arnosohenc Composeon
Qzone Morwor

Parscies and Freids Emaronment . e . °
fonosphere .
€ath Racuavve Batance
Solar ITacanon °
Telecommurccanons °

XEY
1 Calcuidieg Om C10u0 MoKOrs
4 NOAAL K -\ onty
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Table 18,

Ovcrview of EQS Satellite Measurements

Meteorologeal Ooservatons. Weather
Saorm MOnoning 3nd Wameng
Searcn and Rescwe

Ortet Determangbon

neror Eamn Stncture

Pigte Monon and Cnsswl Delomaton
Surtace Sod Morshure, Wetlangs € rierd
Lana Suriace Composibon

Lang Surlace Beologcal Acovty

Prenoiogy and Phys:orogecal Sule

Surtace Tooography

Srow and ice Extent ang Chanacier
Sea ice Entent Character. 3nd Modon
Sea Surlace Wnas

Ocean Waves
Ocaans and Lakes Bolgecal Actity

Sustace Temperanxe
Ocsan Coouaton

T
Ti
Ciond Propenves

T

Agncaphenc Water Corent

Rate

Upoer Amosonent Wnds

Pantcies and Frevry Envwronment
onosphere

Ea Rackatve Budget
Satar Qutout

** Termatve Lst (Not Compeee)

Based on 3 cnan comosied by Mughes-Santa Bardara Research Center



@ Table 16.  [GOSS BATHY and TESAC Data Transmitted: 1984 - 1989

OBSERVATIONS X

1000

50

87 88
Years 19084 through 1989

Sub-Surface
Temperature
Profiles

I

Temperature
and
Salinity
observations
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Teble 17, Number of IGOSS Oceanographic and Meteorological Products Prepared by Each National
Ceatre- 1988
Sub-surface producis’ Surface oroducts Surface seteorolenics) srodxts
(ate, analysis, summaries) (dats, analyats, (analysis, forecasts,
R forscasts, summaries) wiraings, 4ata, summariss)
Algeriy - ] -
Argenting 3 ] ]
Avstralha L) ) [}
Srail ? 3 ?
sulgaria - H ]
Canads 12 " []
Chile - ? -
Ching $ 1} 1
Colembin 1 1 .
Osrmirk ] ] -
Cevador ] ? -
({1 ] - . 3
(3] - ? ¢
Fintend - [] -
france 1 [} ] t
German Democratic Republic - ‘ ?
Garmeny, Teders) Republic of 12 n )
Gresce - b} 1
Guatesals - 1 '
Hong Kong - ¢
Tcetand . ! -
Indle - - 9
Indentin 1 1 -
irelond ] 1 .
Israel - ? .
Jepan L} 1] 1
Kenys - 1 ?
radagascer 1 1 .
Malarsis - ? ?
Halta . - ) )
Mauritive - 3 1
Morscce - 3 1
Nethoriands 2 ¢ H
Hew Caledonia - - ?
New 288109 - [} $
Norwey . ) ?
Perv 4 ) 3
Qatar - [} 1
Repudlic of Korea ? 2 -
Ssudl Arsbia - ] 1
Senaga) 3 ] 1
Swedon 1 1 b}
™eilteny 3} 4 - ?
Trintded ond Todage - 1 ?
Turkey - ? 1
usse ] " 1
united Kingdem - 1] 17
[0 4 n 18
Urvguy ? ] b}
Tupetiavie ] 3 ]

Totad n 100 134
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Table 18. STATUS OF GLOSS STATIONS (as of September 1990)
Category 1: "Operational” stations for which the latest data is 1986 or later
Category 2: "Probably Operational” stations for which the latest data is within the period 1976-1985
Category 3: "Historical" stations for which the latest data is earlier than 1976

Category 4: For which no PSMSL data exist

Country/Territory Category1  Category2  Category3  Category 4

ANGOLA

ARGENTINA 2 K]
AUSTRALIA 1 12 6
BAHAMAS

BANGLADESH 1
BELAU 1

BRAZIL 1 2 3
CAMEROON

CANADA 8

CAPE VERDE
CHILE 2

CHINA 4 1
COLOMBIA 3

CONGO 1

COOK ISLANDS 2

COSTA RICA 1 1
COTE D'IVOIRE 1

CUBA 3

DEM. PEOPLE’'S REP, OF KOREA 1

DENMARK 2 2
DJIBOUTI 1

ECUADOR 2

EGYPT 1 1

EL SALVADOR 1
FED. MICRONESIA

FlI1

FRANCE

FED. REP, OF GERMANY
GHANA 1

GUINEA 1
HAITI 1

HONG KONG
ICELAND
INDIA
INDONESIA
IRELAND
JAMAICA 1
JAPAN

KENYA
KIRIBATI
MADAGASCAR
MALAYSIA
MALDIVES 1 1
MARSHALL ISLANDS 1 1
MAURITANIA 1
MAURITIUS
MEXICO 2 5 1

[ D WN =

o

[ S - Ve ] b b Q) b et = O\ e b
w [
[
~

-
[
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MOROCCO 1
MOZAMBIQUE 2
MYANMAR 2

N. MARIANA ISLANDS 1

NAURU
NEW ZEALAND 3 4
NIGERIA 1
NORWAY 3 1

OMAN

PAKISTAN 1

PANAMA

PAPUA NEW GUINEA
PERU

PHILIPPINES
PORTUGAL

PUERTO RICO
REPUBLIC OF YEMEN 1 1
SAO TOME/PRINCIPE 1
SENEGAL 1

SEYCHELLES 2

SIERRA LEONE 1
SINGAPORE 1

SOLOMON ISLANDS 1

SOMALIA 2
SOUTH AFRICA* 3 1
SPAIN 1 1 1
SRI LANKA 1

SWEDEN
THAILAND
TONGA 1
TRINIDAD & TOBAGO

TUVALU

UNITED KINGDOM

UNITED REPUBLIC OF TANZANIA
UNITED STATES OF AMERICA
UNION OF SOVIET SOC REPS
URUGUAY 1

VENEZUELA 2
VIETNAM 1

—t

—
B = e N W

— P P e

[ S

mguumu
b

TOTALS 133 50 42 81

i The Government of the Republic of South Africa has been suspended by Resolutions 38(Cg-V1I)
and 2/74/4 (Twenticth Session of the General Conference of Unesco) from exercising its rights and
enjoying the privileges as a Member of WMO and Member State of IOC, respectively.



Table 19, Number of Drifting Buoys by Country and Those Reporting via GTS
February 1990

ORGANIZATION

NOAA-AOML
MSA-~Hydro Dept
US Navy
Scripps Inst
NOAA-~-NDBC
NOAA-PMEL
IFM-Kiel

Woods Hole Inst
Univ Hannover
CMM

BCM

Exxon

Univ Wash
Battelle
IFREMER

Hor Mar Inc
Fish Agency
Met Svc

Univ Hamburg
Marine Lab
Meteo Inst
Weather Bureau
Met Office
Bedford Inst
Atm Env Sve
Coast Guard
Inst Ocean Sci
US Army
Sverdrup Tech
China Sea Bur
Alfr Weg Inst
Marine Bio As
Polar Res Lab
KNMI

Polar Inst
Inst Mar Res
Naval School
Others

TOTAL

(v OF TOTAL)

COUNTRY

USA

Japan

USA

USA

USA

USA

Fed Rep of Germany
USA

Fed Rep of Germany
France

Australia

UUSA

USA

USA

France

usa

Japan

New Zealand

Fed Rep of Germany
Australia

Norway

South Africax*
United Kingdom
Canada

Canada

USA

Canada

USA

USA

China

Fed Rep of Germany
United Kingdom
USA

Netherlands
Norway

Norway

USA

134

TR T G R G G S
PN WWROR WA W

WHWWWwWwWwwwwdedddO WUV VDD DDWOY

&>

594

QIS

111

[

-

MOOONCOODODODOOWOOCOUODOOLOODOODOOOUINMOOWVWO IS

191

(32.2)
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* The Government of the Republic of South Africa has been suspended by
Resolutions 38(Cg-VII) and 2/74/4 (Twentieth Session of the General Conference
of Unesco) from exercising its rights and enjoying the privileges as a Member

of WMO and Member State of 10C, respectively.
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Tnblg 20. National and Intermational Ocean Data Centres

1, INTERNATIONAL OCEANOGRAPHIC DATA EXICHANGE

1.1, World Data Centres for Oceanography

WDC-A {Oceanography)

WDC~-B (Oceanography)

WDC-D (Oceanography)

WDC-A (Marine Geology and
Geophysics)

WDC-B (Marine Geology

and Geophysics)

USA (Washington)

USSR (Obrinsk)

People's Republic of China
(Tianjin)

USA (Boulder)

USSR (Gelendjhik)

1.2, Responsible National Oceanographic Data Centres (RNODC)

- RNODC Drifting Buoy Data

- RHODC's IGOSS

- RNODCs for Marine Pollution
Monitoring

- RNODC for instrumented and
remotely-sensed wave data

- RNODC for Development of
Acoustic Doppler Current
Profiling (ship-mounted)
Data Management

- RNODC for the IOC WESTPAC

- RNODC for the Southern Ocean

- RNODC - Formats

- RNODC for MEDALPEX

2, INTEGRATED GLOBAL OCEAN SERVICES SYSTEM
2.1. World Oceancgraphic Centres (IGOSS)

USSR (Moscow)
USA (Washington)

Canada
Japan, USA, USSR (NODCs)
Japan, USA (NODCs)

UK

Japan

Japan
Argentina
ICES

USSR

2.2. 8Specialized Oceanographic Centres (50Cs)

- SOC South Atlantic (South of 20%)

- SOC Indian Ocean and Pacific Ocean
(South of 20%N)

- 80C for Drifting Buoy Data

- SOC for the Pacific Ocean
- SOC for the IGOSS Sea Level Programme
in the Pacific

NODC, Argentina

NODC, Australia Bureau of
Australian Meteorology
Service Central
d'Exploitation de la
Meteorologie, Paris France
JMA, Japan

University of Hawaili,
Honolulu, Hawall, UsA
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Table 20 (Cont.)

3. NATIONAL IODE AND IGOBS CENTREZS (National Oceanographic Data Centres
(NODCs) /Designated National Agencies contribute to IODE; National
Oceanographic Centres (NOCs) or National Meteorological Centres »wlth
Corresponding Functions contribute to IGOSS)

IODE_NOD . 1GOSS NOCs
Argentina NODC NoC
Australia NODC NOC
Brazil NODC NoC
Bulgaria NODC
Canada NODC NOC
Chile NODC NOC
China NODC
Colombia NODC
Democratic People's Republic of Korea X Noc
Ecuador NODC NOC
Egypt NoDC ‘
Finland DNA NOC
France NODC NOoC
Germany NODC NOC
Ghana DNA
Greece NODC
Guatemala NODC
Iceland NODC NOC
India NODC
Italy NoDC
Japan NoODC NoC
Kenya NOC
Mexico NODC
Morocco NODC
Netherlands NODC
Norway NODC
Pakistan ) NODC
Peru NODC NOC
Philippines NODC
Poland NODC
Portugal ) DNA
Republic of Korea NODC
Romania DNA
Spain NODC
Sweden DNA NOC
Tanzania DNA
Trinidad and Tobago DNA
Turkey DNA
USSR NODC NOC
United Kingdom NODC
United States of America NODC NOC
Uruguay NODC
Venezuela NODC
VietNam NoDC
4. Permanent Service of Mean Proudman Oceanographic

Sea Level (PSMSL) Laboratory, Bidston UK
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OCEANCOGRAPHIC DATA CENTRES OF THE TOGA PROGRAMME

- Globhal Sea Surface Temperature washington, D.C. (USA)
- TOGAh Sub-Surface Data Centre Brest (France)

- Tropical Sea Leval Data Centre Honolulu, Hawaii (USA)

TOGA Marine Climatology Data Centre Bracknell (UK)

OCEANOGRAPHIC DATA CENTRES OF THE WOCE PROGRAMME
6.1. Drifter Data Centres

- NOAM, Miami, Florida (USA)

- Scripps Institute of

Oceanography, La Jolla, California (USA)

- MEDS, Canada
6.2, Upper Ocean Thermal Data Assembly Centres

- NOD¢C, Brest (France)

6.2.1, Global Supporting National Centres

- NODC, USA
- NODC, Australia

6.2.2, Regional
- Scripps Institute of Oceanography, USA
- NOAA, Miami, Florida USA
- CSIRO, Hobart, Australia
6.3. Sea Lavel Data Assembly Cenires

- University of Honolulu, Hawaii, USA
- Bidston Cbservatory, UK

6.4. Data Information Unit

= University of Delaware, Lewes, Delaware, USA
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INTERNATIONAL
GROSPHERE-BIOSPHERE
PROGRAMME
IGBP
GLOBAL ENERGY AND WATER
CYCLE EXPERIMENT
GEWEX
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ENVIRONMENT
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Agreements
FAO, 1AEA, ICES,
THO, CPPS, ICSEM,
ICSU, SCOR, UNEP :

,"""‘

Fig. 2, Organization Structure of the 10C
ASSEMBLY nsstssessass
116 MEMBER STATES : ICSPRO Agrecment:

OCEAN SCIENCE
BODIES

Committee on Ocean
Processes and Climate

Intergovernmental WOCE
Panel (10C-WMO)

Intergovernmental TOGA
Board (IOC-WMO)

Committee on Climatic
Changes and the Ocean
CCCO (I0C-SCOR)

Guiding Group of Experts
on Ocean Science in
Relation to Living
Resources, OSLR
(10C-FAO)

Guiding Group of Experts
on Ocean Science in
Relation to Non-living
Resources, OSNLR
(I0OC-UN-OALOS)

Committee on Training,

Education and Mutual Assistance

in the Marine Sciences (TEMA)

Consuliative Group on
Ocean Mapping

Commitiee for the Global

Investigation of Pollution

in the Marine Environment
(GIPME)

peceasscens  UN, Unesco, FAO,

\
\
A
\
\
\
\

\ WMoO,IMO
\

I (B S B B B N N S 2SR N N NN

OCEAN SERVICES
BODIES

EXECUTIVE COUNCIL

Chairman, Four
Vice-Chairmen,
34 Member States

Committee for the
Integrated - Global Ocean
Services System, 1GOSS,

(I10C-WMO)

Drifting Buoy
Co-operation, Panel, DBCP
(I10C-WMO)

Ad hoc Group of Experts
on a Global Ocean
Observing System (GOOS)

Group of Experts on Global
Sea-Level Observing
System (GLOSS)

Committee on
International
Oceanographic Data and
Information Exchange
(IODE)

International
Co-ordination Group for
Tsunami Waming System

in the Pacific (ITSU)

REGIONAL SUBSIDIARY
BODIES

o

SECRETARY

Secretariat

q

Groups of Experts, Task
Teams of Major Subsidiary
Bodies

r

Sub-Commission for the Caribbean and
Adjsceat Regions (1OCARIBE)

Sub-Commission for the
Westera Pacific (WESTPAC)

Regional Commites for the
Co-operetive Investigation ip the
Monk end Ceotnl Induo Oman
(I0CINCWIO)

Regions] Comminee for the Centra)
Indian Ocean (I0CINDIO)

Pagiooal Commitiee for the Csavtrel
Esmers Atsatic (IOCEA)

Working Group on the lovestigetions
of EL NINO

Regional Committee for
the Southern Oceans (I0CSOC)




Fig. 3. Organization Structure of the WMO
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The supreme body, on which all Members
are represented; meets every four years

= R

REGIONAL ASSOCIATIONS

Regional Association
for Africa (1)

Regional Assoclation
for Asia (Il)

Regional Association
for South America (lli)

Regional Association
for North and Central
America (IV)

Regional Association
fof the South-West
Pacific (V)

Regional Association fi
E‘umpn ) *

Working groups and
rappocteurs of reglonal
auodado:sg

Regional hydrological

Working groups,
¢ cf uper'h.:fd
Executive Council

C SRRSOl B T Y,

SECRETARY-GENERAL

SECRETARIAT

%

TECHNICAL COMMISSIONS

Commission for Basic
Systems (CBS)

Commission for Instruments
and Methods of Obsesvation
(QMO)
Commission for Hydology
(CHy)
Commission for Atmospheric
Sciences (CAS)

Comumission for Aeronautical
Meteorology (CAeM)

Commission for witural
Meteorology (CAgM)

Commission for Madne

Meteorciogy (CMM)

Commvision for
Clmatology (CQT)

JOINT SCIENTIFIC
OMMITTEE
FOR WCRP

C of not more
m sclontists
salected by mutual
eerment between
and (CSU;



IMPLEMENTATION OF THE
GLOBAL TELECOMMU-
NICATION SYSTEM

MISE EN CEUVRE DU
SYSTEME MONDIAL DE
TELECOMMUNICATIONS

EJECUCION DEL
SISTEMA MUNDIAL DE
TELECOMUNICACION
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VOS Data Locations - July 1999
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CARRE MARSDEN |
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THE INTEGRATED GLOBAL OCEAN SERVICES SYSTEM (IGOSS)

Specific Programmes
STRUCTURE ORGANIZATICN and Projects
- lcgss OBSERVING SYSTEM (108} INTERGOVERNMENTAL WORLD , IGOSS BATHY/TESAC
Surface Based OCEANOGRAFPHIC METEOROLOGICAL Operational Programme (B/T)
-ghlps COMMISSION ORGANIZATION including 1GOSS XBT Ship-of-
-Buoys rtunity Programme
-Coastal Stations & Offshore - - OPPO(XBT;'SOOP)
Platforms Joint I0C/WMO Committee for
*Space-based IGOSS
* [Sub-surface] (71 Member States)

[mIGOSS DATA PROCESSING & SERVICES
SYSTEM (IDPSS)

*National Oceanographic Centers (NOC)
*Specialized Oceanographic Centers (SOC)
~data iype

~Specific process/programme type
*World Oceanographic Centers (WOC)

k 1GOSS TELECOMMUNICATIONS ARRANGEMENT
(ITA)

*Surface Based

-Intemational Maritime Mobile Sve. (IMMS)

-Exclusive HF Bands

-VHF Transmissions

*Satellite Based TJ

-International Maritime Satellite (INMARSA

-Argos System

-Data collection system (DCS) of the geo-

stationary met. satellites

8 SUPPORTING ELEMENTS OF IGOSS
*1GOSS Training and Assistance
*IGOSS Research and Development
*1GOSS Monitoring

*IGOSS Information Exchange

Subsidiary Bodies

IGOSS Group of Experts on
Operations and Tecbnical
Applications (GE/OTA)

1GOSS Sea-Level Programme in
the Pacific (ISLP-Pac)

IGOSS Sea-Level Pilot Project
in the North and Tropical
Atlantic (ISLPP-NTA)

Task Team on Quality Control
Procedures for Automated

Systems (TT/QCAS)

IGOSS Group of Experts on
Scientific Matters (GE/SM)

Joimt CMM-IGOSS Ad Hoc
Group on Ocean Satellites and
Remote Sensing (OSRS)

IGOSS Pilot Project on Altimetric
Sea-Surface Topography
(IPAST)

1GOSS Sub-Surface Thermal
Structure Pilot Project
(ISTPP)

IGOSS-IODE Global Temperature
Salinity Pilot Project
(GTSPP)

'L'ha

SSOOI Jo NPT

€9 2%ed
£€8-4NI/00I
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Fig.s. PRESENT CONTRIBUTI6NS OF IGOSS TO THE GLOBAL
OCEAN OBSERVING SYSTEM

THE USER COMMUNITY
UTILIZES THESE PRODUCTS
AND GENERATES REQUIREMENTS
FOR NEW PRODUCTS TO MEET
DEVELOPING GLOBAL AND
REGIONAL NEEDS.

THE USER COMMUNITY HAS DATA
NEEDS WHICH ARE MET BY PRODUCTS
PRODUCED BY NATIONAL AND SPECIALIZED

JOINT I0OC-WMO CENTRES
COMMITTEE FOR IGOSS T
The needs are transmitted to the fleld

through the appropriate IGOSS Mechanisms
REAL TIME AND NEAR REAL TIME
DATA RELEVANT TO DESCRIBING
AND PREDICTING GLOBAL
CHANGE SENT TO DATA CENTERS AND
IGOSS [ODE GLOSS DBCP THEN TO USER COMMUNITY
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Stations

Tide Stations
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BATHY Fig. ©. IGOSS BATHY Data Locations - July 1990 (French Product) POINT AGE

- & (3] 5] ) &
(o) Q o (o] [}
3 TEEE

(4] © o

x x x x =
o 2] o o o
© ] @ o 0
-t -4

- g - <

i YL A W' :

SN S

:;-/'.’:’: B — 30N

>
Y
/

’

Ly
<

ey

Ve
o, % 4.
N

( N —1L 308
YN P

Al

mois de JUILLET 1990 nombre d'observations : 2

&

3 METEO FRANCE

69 98ed
££€8-4N1/001

©
>~

6

SHNDOHY SNCOILVAYNIESA&O




P IV A .Y
GEOGRAPHICAL DISTRIBUTIONK OF BATNHY REPORTS FOR JULY 1990

1GOSS SO0C FOR THE PACIFIC OCEAN
THE JAPAN METEOROLOGICAL AGEMCY

Fig. 16. IGOSS BATHY Data Locations - July 1990 (Japanese Product)



TESAC Fig 11 IGOSS TESAC Data Locations - July 19% (Freach Product) POINTAGE
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Fig. 16. IGOSS Standard Track Lines- Atlantic
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Fig. 18. 1GOSS Standard Tirack Lines- Indian
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page 78 Fig. 22, Example of GLOSS Product from the Pacific
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Fig. 24, Drifting Buoy Reports Transmitted via GTS by Marsden Square SMISO
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Fig. 28, Drifting Buoy Reports Transmitted via GTS by Region
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Drifting Buoy Reports Transmitted via GTS by Reglon
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ACMRR
ADCP
ADEOS
ASFIS
BATHY
BIOMASS
BUFR
CBS
CCco
CCL
CDROM
Cg (WMO)
CLICOM
CLIMAT
CMM
CNES
COARE
COST-43
CPPS
CSIRO
CTD

DAC
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ANNEX 1

LIST OF ACRONYMS

Advisory Commilte: on Marine Resources Rescarch

Acoustic Doppler Current Profiler

Advanced Earth Obscrving System

Aquatic Scicnces and Fisheries Information System

Bathymetric (tcmperature vs. depth profile) (Code Form)
Biological Investigation Of Marine Antarctic Systems and Stocks
Binary Universal Form for Data Represeatation

Commission for Basic Systcms

Commiltcc on Climatic Changes and the Qccan

Commission for CLimatology

Compact Disc Read Only Mcmory

WMO Congress

CLImate COMputer System

(Code form for monthly means and totals from a land station)
Commission for Marine Mcteorology

Centre National d’Etudes Spatiales

Coupled Ocean-Atmosphere Response Experiment

European Co-Qperation in the Ficld of Scientific and Technical Research - Project 43
Comision Pcrmanente del Pacifico Sur

Commonwealth Scientific Industrial and Research Organization (Australia)
Conductivity-Temperature-Depth

Data Assembly Centre
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DBCP

DMSP

DNA

DO

EC

ECOR

EGOS

EOS

EPOP

ERS

ESA

EUMETSAT

FAO

FCGE

FID

FY

GAW

GCNSMS

GCOS

GEMS

GEOSAT

GEWEX

GIPME

GLOSS

GMS

GOES

GOOS

GOS

Drifting Buoy Co-operation Pancl

Defense Meteorological Satellite Programme

Designated National Agency

Dissolved Oxygen

Exccutive Council

Engincering Committce on Occanic Resources

Europcan Group on Occan Stations

Earth Observing System

ESA POlar Platform

Earth Remote-Sensing Satellite

Europcan Space Agency

EUropcan METcorological SATellitc Organization

Food and Agriculture Organization of the United Nations
First GARP Global Experiment

International Federation for Information and Documentation
Feng-Yuen

Global Atmosphere Watch

Global Coastal and Necar-Shore Monitoring System

G) ,bal Climate Observing Systcm

Global Environmenta! iionitoring System

GEQdectic SATellite

Global Energy and Water Cycle EXperiment

Global Investigation of Pollution in the Marine Environment
Global Sea Level Observing System

Geostationary Meteorological Satellite

Geostationary Operational Environmental Satellite
Global Ocean Observing System

Global Observing System



GF3

GTS

GTSPP

HF

TIAEA

JIAMSLIC

IAPSO

ICES

ICLARM

ICSPRO

ICSU

ICSEM

IERS

IGBP

IGOSS

IGY

IHO

IMMS

IMO

INFOCLIMA

INFOTERRA

INMARSAT

INSAT

10C

IOCARIBE

IOCEA

I0C/INF-833
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General Format 3

Global Telccommunications System

Global Temperature-Salinity Pilot Project

High Frequency

International Atomic Encrgy Agency

International Association of Marine Scicnce Llbrarics and Information Centres
International Association for the Physical Scicnces of the Ocean

International Council for the Exploration of the Sca

International Centre for Living Aquatic Resources Management
Inter-Secretariat Committee on Scientific Programmes Relating to Occanography
International Council of Scicntific Unions

International Commission for the Scientific Exploration of the Mcditerrancan Sca
International Earth Rolation Service

Intcrnational Geosphere-Biosphere Programme

Integrated Global Ocecan Services System

International Geophysical Year

International Hydrographic Organization

International Maritime Mobile Service

International Maritime Qrganization

World Climate Data and Infermation Relerral Service

International Environmental Information System

INternational MARitime SATellite Organization

Indian National SATellite System

Intergovernmental Oceanographic Commission

I0C Sub-Commission for the CARIBBEan and Adjacent Regions

10C Regional Committee for the Central Eastern Atlantic -
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IOCINCWIO

IOCINDIO
10CSOC
IODE
IPAST
IPCC
ISLP-Pac
ISLPP-NTA
ISTPP

ITA

ITSU
JERS
JGOFS
JIMA

JPOP

JSC

KER

MBT
MEDALPEX
MEDI
MIM
MONEX
MOS

MPM
NASA
NGWLMS

MOAA

10C Regional Committee for the Co-operative INvestigation in the North and Central

Western Indian Ocean

10C Rcgional Committee for the Central INDIan Occan
10C Regional Committce for the Southern OCcan
International Occanographic Data and Information Exchange
IGOSS Pilot Project on Altimetric Sca Surface Topography
Intergovernmental Pancl on Climate Change

IGOSS Sca Level Programme in the Pacific

IGOSS Sca Level Pilot Project in the North and Tropical Atlantic
1GOSS Sub-Surface Thermal Structure Pilot Project

1IGOSS Tclecommunications Arrangements

International TSUnami Warning System

Japan Earth Rcsources Satellite

Joint Glob~' Occan Flux Study

Japan Mctcorological Agency

Japancse POlar Platform

Joint Scicentific Committee (of the World Climate Rescarch Programme)

Kuroshio Exploitation and Utilization Research
Mechanical BathyThermograph

MEDiterrancan ALPine EXperiment

Marine Environmental Data Information Referral System
Marine Infermation Management

MONsoon EXperiment

Marine Obscrvation Satellite

Marine Pollution Monitoring

National Acronautics and Space Administration (U.S.)
Next Generation Water Level Mcasurement System

National Ocearic and Atmospheric Administration (U.S.)



NODC
NOP
NPOP
NWP
OALOS
QO0SDP
oPC
OSLR
OSNLR
OTA
PSMSL
RAFOS
RMS
KNODC

ROSCOP

TADE
TESAC

TEMA
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National Occanographic Data Center

National Qceanographic Programme

NASA POlar Platform

Numcrical Weather Picdiction

Officc of Occan Affairs and the Law Of the Sea (United Nations)
Occan Obscrving System Development Panel

Occan Processes and Climate (I0C Committee)

QOccan Scicnce and Living Resources

Occan Scicnce and Non-Living Resources

Operations and Technical Applications

Permanent Service ‘or Mean Sca Level (UK)

Sound Fixing and Ranging Floats

Root Mcar. Squarcd

Responsible National Occanographic Data Center

Report on Obscrvations/Samples Collected by Qccanographic Programmes
Synthctic Aperture Radar

Scicntific Committce on Antarctic Rescarch

Scicntific Committce on Occanic Rescarch

Encrgetically Active Zones of the Ocean and Climate Variability
Specialized Occanographic Centre

SOuth PACific Applicd Geoscicnce Commission

Satellite Pour 'Obscrvation de la Terre

Scicatific Stecring Group

Special Sensor Microwave/Imager

Sea Surface Temperature

Technical Aspects of Data Exchange

TEmpcrature, SAlinity, and Conductivity (Code form)

Training, Education, and Mutual Assistance in the Marine Sciences
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YIGA

TOPEX

TRACKOB

UARS

UNEP

UNESCO

vGOS

WCDP

WwCP

WCRP

WCSMP

wWDC

WESTPAC

WHP

WMO

WOCE

XBT

XCTD

Tropical Oceans and Global Atmosphere

Occan Topography Experiment

TRACK OBservation (Code form)

Upper Atmosphere Research Satellite

United Nations Environment Progranime

United Nations Education, Scientific and Cultural Qrganization
Voluntary Observing Ship

World Climate Data Programme

World Climate Programme

World Climate Research Programme

World Climate System Monitoring Programme (formerly World Climate Data Programmc)
World Data Centre

10C Sub-Commission for the WESTern PACific

WOCE Hydrographic Programme

World Meteorological Organization

World Ocean Circulation Experiment

World Weather Watch

EXpendable BathyThermograph

EXpendable Conductivity-Temperature-Depth (Probe)
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NATIONAL AGENCIES PARTICIPATING IN OCEAN OBSERVING SYSTEMS

November 1990

CONTACTS
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ALGERIA

Mr. El-Hafid Tabet-Acul +
Directeur Technique
Laboratoire d'Etudes Maritimes
30, rue Asselah Hocine

ALGER

Mr. Moulay-Youcef Cherif Ouazzine +

Institut Natioral des Sciences de la Mer
et de l'Aménagement du Littoral (ISMAL)

Jetée Nord - ALGER

B.P. 90, Alger ler Novembre

Tel: 62 73 19 / 62 66 59

ANGOLA

Mrs, Maria de Fatima Jardim +
Director, Centre des Recherches Maritimes
Ministere des Péches

LUANDA

ARGENTINA

Lic. Andres Jorge Lusquinos +
Servicio de Hidrografia Naval
Montes de Oca 2124
1271 BUENOS AIRES

Instituto Antarctico Argentino +
Dir. Nacional del Antarctico
Cerrito 1248

1010 BUENOS AIRES

Mr. A.J. Lusquinos +
Servicio de Hidrografia Naval
Armada Argentina

Av. Montes de Oca 2124

1271 BUENOS AIRES

Mr. Carlos Daniel Carbone +
Navy - Servicio Hydrografia
Avda. Montes de Oca 1271
Buenos Aires
Tel: (54-1) 21 - 0061/69
Tl»: 21338 RACEL AR

Attn. Jeserhidro
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AUSTRALIA

Dr. G.M. Homes

Secretary, Permanent Committee on Tides and
Mean Sea Level (PCTMSL)

Canberra Operational Facility
Hydrographic Branch

P.O. Box E33

QUEEN VICTORIA TERRACE, ACT 2600

Tel: 525085

Tlx: AA 62230 NATMAP

FAX: (062) 516806

School of Surveying

Attn: SNAP (Dr. Chris Rizos)
University of New South Wales
P.O. Box 1

KENSINGTON 2033

Tel: 6974182

Tlx: AR 26054

FAX: 46126626616

Prof. G.W. Lennon

School of Earth Sciences

Flinders University of South Australia
BEDFORD PARK

SOUTH AUSTRALIA 5042

Tel: (08) 275.2298 or 275.2212

Tlx: 89624 FLINDU AA

FAX: (08) 2752676

Capt. J.S. Compton
Hydrographer

Royal Australian Navy
Department of Defence (NAVY)
CANBERRA ACT 2600

Mr. W. Selesnew

Australian Bureau of Meteorology
G.P.O. Box 1289K

MELBOURNE, Vic. 3001

Mr. Ben John Searle

Head, Science & Oceanography
Australian Oceanographic Data Centre
P.0O. Box 1332

NORTH SYDNEY, NSW 2090

Tel: (02) 925 48 70

FAX: (02) 925 48 35

Tlm: B.SEARLE

AUSTRIA

Prof. Dr., P. Steinhauser

Zentralanstalt filir Meteorologie
und Geodynamik

Hohe Warte 38

A-11390 WIEN

BAHRMAS

Dr. George A. Maul (IOCARIBE)

NOAA Atlantic Oceanographic and Meteorological
Laboratory

4301 Rickenbacker Causeway

MIAMI, FLORIDA 33149, USA
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BANGLADESH

Mr. A. Hena

Chief Hydrographer

Hydrographic Dept.

Biwta Building, Ground Floor
141-143 Motijheel Commercial Area
DHAKA--2

BARBADOS

Dr. Gillian Cambers

Coastal Conservation Project
The Garrison

ST. MICHAEL

BELGIUM

The Director

Institut Royal Météorologique de Belgique
3, avenue Circulaire

B-1180 Bruxelles Brabant

BRAZIL

Directoria de Hidrografia e Navegacao

Marinha do Brasil )
Divisao de Oceanografia, Setor de Mares (DHN-312)
Rua Barao de Jaceguay 8/no. -

CEP 24040 -~ NITEROI, RIO DE JANEIRO

Tel: 719 26 26/170

FAX: (021) 717 0423

Departamento de Geofisica
(Same Address as above)

Commandant Persio Soares Souto

Directeur

Diretoria de Hidrografia e Navegagao (DHN)
(Ssame Addrese as above)

CAMEROON

Délégation Générale de la Recherche Scientifique
et Technique

Comité National Permanent de l'Homme et de la
Biosphére

B.P. 1816

YAOUNDE

Mr. J.B, Nagamini

Mé&téorologie Nationale

Direction de la M&téorologie Nationale
33 rue Ivy

B.P. 186

DOUALA
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CANADA

Director-General

Marine Sclences and Information Directorate
200 Kent Street (12th Floor, Centennial Towers)
OTTAWA, CNTARIO K1A OE6

Mr. G.M. Yeaton

Chief, Tides Currents & Water Levels
Canadian Hydrographic Service

Dept. of Fisheries & Oceans

Room 241, 615 Booth Street

OTTAWA, ONTARIO K1A QE6

Mr. R.B.L. Stoddart

Department of Fisheries and
Oceans

MEDS, Science

12th Floor, 200 Kent Street

OTTAWA, ONTARIO K1A OE6

Dr. A.D.J. O'Neill

Regional Director

Atlantic Region

Atmospheric Environment Service
1496 Bedford Highway

BEDFORD, Nova Scotia B4U 1E4

Dr. J. Garrett

Head, Ocean Physics

Institute of Ocean Sciences
Department of Fisheries

P.O, Box 6000

SYDNEY, British Columbia V8L 4B2

Dr. John Ronald Wilson

Director

Marine Environmental Data Service
Dept. of Fisheries & Oceans

200 Kent Street

OTTAWA, Ontario K1A OE6

Tel: (613) 990 02 64

Tlm: R.WILSON.MEDS

Mr. J. Robert Keeley

Marine Environmental Data Services
Dept. of Fisheries & Oceans

200 Kent street

OTTAWA, Ontario K1A OE6

Tel: (613) 990 02 46

Tlm: R.KEELEY

CAPE VERDE

Direccao General da Marinha e Portos
B.P. 7
SAN VICENTE
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CHILE

Mr. Carlos Bari

Director

Instituto Hidrografico de la Armada
Casilla 324

VALPARAISO

Tel: 251056

Tlx: 230362 HIDRO CL

Capt. F. Espinosa Simonetti

Comite Oceanografico Nacional
(CONA)

Errazuriz 232, Casilla 324

VALPARAISO

Lt. Felix Ricardo Espinoza

Head

Oceanographic Department

National Oceanographic Data Center
Casilla 324, valparaiso

Tels (32) 25 10 56

Tlx: 230362 HIDRO CL

FAX: (32) 25 32 83

Tlmt: TOGA.CHILE

CHINA

Department of Marine Monitoring and Forecast
State Oceanic Administration

1 Fuxingmenwai Avenue

BEIJING

National Oceanographic Data Centre

118 Qi Wel Road, Hedong District, TIANJIN
P.O. Box 74

TIANJIN

Mr. Yang Huating

Senior Engineer

China Institute for Marine
Development Strategy

No.6 Dahuisi, Haidianqu
BEIJING 100081

Division of Station and Buoy

Department of Marine Monitoring and
Forecast

State Oceanic Administration

1, Fuxingmenwai Avenue

BEIJING

Dr. Hou Wenfeng

Director

CNODC & WDC-D Oceanography

Institute of Marine Scientific
& Technological Information

State Oceanic Administration (SOA)

P.O. Box 74

118 Qiwei Road

Hedong District, TIANJIN

Tel: 24 41 62

Tlx: 23138 NODC CN
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COLOMBIA

Mr. Jorge Ivan Valencia Franco

Subdirector de Estudios e Investigaciones

Instituto Colombiano de Hidrologia, Meteorologia
y Adecuacion de Tierras (HIMAT)

Apartado Aereo No. 20032, BOGOTA D.E.

Tlx: 44345 HIMAT

FAX: 57-2842402

Mr. J.I. Valencia-Franco

Instituto Colombiano de
Hidrologia, Meteorologia y
Adecuacion de Tierras (HIMAT)

Apartado Aereo No.20032, BOGOTA

CONGO

Mr. M.F. Guerdat
Directeur Centre ORSTOM
POINTE-NOIRE

Centre de Recherches Océanographiques
B.P. 1286
POINTE~-NOIRE

COSTA RICA

Insetituto Geografico Nacional
Apartado 2272, SAN JOSE

Ing. Jorge E. Coen
Universidad Nacional, Departamento de Fisica
Apartado 86, HEREDIA

Mr. J.C. Fallas Sojo
Instituto Meteorologico Nacional
Apartado 7-3350, SAN JOSE

COTE D'IVOIRE

Centre de Recherches Océ&anographiques
ORSTOM

29, rue des Pécheurs

Bopc V-la

ABIDJAN

Département des Sciences de la Terre
Université National

B.P. 322

ABIDJAN

CUBA

Instituto de Oceanologia
Ave. lra. 18406

Rpto. Flores

Municipio Playa

CIUDAD DE LA HABANA
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CYPRUS

Mr. A. Demetropoulos

Head, Fisheries Department
Tagmatarchou Pouliou 5&?
NICOSIA

DEMOCRATIC PEOFLE'S REPUBLIC OF KOREA

Mr. Jong Dek San

Korean Mational Oceanographic Data Centre
of Hydrometeorological Service of
DPR of Korea

P.O, Box 100

PYONGYANG

Mr. RL 2u O

Head

Oceanographic Department

Hydrometeorological Service
of the Democratic People's
Republic of Korea

(Same Address as above)

DENMARR

Det Danske Meteorological Institut
Lyngbyvej 100

DK - 2100 KOBENHAVN O

Tel: 01-292-100

Tlx: 27138 METIN DK

FAX: 451271080

The Royal Danish Administration of
Navigation and Hydrography

Naut.ical Division

Esplanaden 19

DK - 1263 COPENHAGEN K

Dr. O. Bedsted Andersen
Geodaestik Institut
Geodaestik Afdeling 1
Gamelehave Alle 22

DK - 290 CHARLOTTENLUND

Mr. B. Rasmussen
Danish Meteorological Institute
(Same Address as above)

DOMINICAN REPUBLIC

Ing. A. Cocco Quezada

Oficina Nacional de Meteorologia
Apartado Postal No.1153

Santo Domingo, D.N.

ECUADOR

The Director

Instituto Oceanografico de la Armada
Departamento Ciencias del Mar
Casilla 5940

GUAYAQUIL
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EGYPT

The Director

Institute of Oceanography and Fisheries
Academy of Scientific Research and Technology
101 Kasr El-Ainy Street CAIRO

The Director
Suez Canal Research Center
Suez Canal Authority ISMAILIA

Mr. G.H.I. Afifi
The Meteorological Authority
P.O. Box 11784 CAIRO

ETHIOPIA

Mr. Workineh Degefu
Ethiopian National Meteorological Services Agency
P.N. Box 1090 ADDIS ABABA

FIJI

Mr. J. Kotobalavu

Secretary of Foreign Affairs
Department of Foreign Affairs
Prime Minister's Office SUVA

FINLAND

Mr. H. Grdnvall

Senior Scientist

Finnish Institute of Marine Research
P.O. Box 33

SF-00931 HELSINKI

FRANCE

Direction du Service Hydrographique et
Océanographique de la Marine (EPSHOM)

Etablissement Principal

B.P. 426, 13 rue du Chatellier

29275 BREST CEDEX

Tlx: 940568 HYDRO BREST

Dr. Christian Le Provost

Directeur de Recherche au C.N.R.S.
Institut de Mécanique de Grenoble
Domaine Universgitaire - B.P. N° 53X
38041 GRENOBLE CEDEX

Tel: (33) 76.82.50.00

Tilx: 980668 HYMEGRE F

FAX: (33) 76.82.50.01

Dr. M. Fleux

Laboratoire d'Océanographie Physique
43, rue Cuvier

75231 PARIS CEDEX 05
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FRANCE (continued)

Territoire des Terres Australes et
Antarctiques Frangaises (TAAF)

34 rue des Renaudes

75017 PARIS

Tel: 47.66.93.43

Le Directeur

ORSTOM

213 rue La Fayette
75480 PARIS CEDEX 10

Mr. C. Boucher

Institut Géographique National

Service de Géodesie, Nivellement et Mété&orologie
2 avenue Pasteur

94160 SAINT-MANDE

Tel: (1) 43.74.12.15

Mr. G. Legoff

Chef, Subdivision de prévision marine

Service central d'exploitation de la Météorologie
2, avenue Rap

75340 PARIS CEDEX 07

Mr. G. Stanislas

National Co-ordinator IODE

IFREMER

Technopolia 40, 155 rue Jean-Jacques Rousseau
92138 ISSY-LELES-MOULINEAUX

Tel: (331) 46 48 21 00

Tlx: 631912 F

Tlm: G.STANISLAS

FAX: (331) 46 48 22 24

GERMANY

Dr. E. Pansch

Deutsches Hydrographisches Institiit
Section M13, Postfach 301220
D-2000 HAMBURG 36

Tel: (040) 3190 452 or 3190 1

Tlx: 0211 138 BMVHH D

TAX:s (040) 3190-5150

Dr. G. Giermann

Alfred-Wegener-Institute for Polar
and Marine Research

Postfach 120161, Columbusstrasse

D-2850 BREMERHAVEN

Prof. D. Kohnke

Deutsches Hydrographisches Institut
Bernhard-Nocht-Str. 78, Postfach 30 12 20
D-2000 HAMBURG 36

Prof. Dr. Woligang Krauss

Institut fir Meereskunde de Universitit Kiel
biisterbrookar Weg 20

D-2300 KIEL 1
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Mr. Christoph Brockmann

Head, National oOceanographic Data Centre
Deutesches Hydrographisces Institut
Bernhard-Nocht-Strasse 78

D=-2000 Hamburg 36

Tel: (40) 3190 5202

Tlx: 215448

FAX: (40) 3190 5150

Tlms: DOD.HAMBURG

‘ FEDERAL REPUBLIC OF GERMANY (continued)
1

GHANA

Dr. I. Abu

Director, Survey Department
P.0. Box 191, Cantonments
ACCRA

Mr. M. Armah

Deputy Director, Fisheries Department
(Marine) Headquarters

P.O. Box 630

ACCRA

GREECE

Hellenic Navy Command
Hyd.:ographic Service
ATHENS 1GN 1040

Mr. Alexander Maratos
Deputy-Director

National Center of Marine Research
Aghios Cosmas, Hellinikon 16604
ATHENS

Tel: 9820214

Tlx: 224135 NCMR GR

FAX:s 30 9833095

GUATEMALA

Ing. Estuardo Velasquez V.

Director General

Instituto Nacional de Ssismologia,
Vulcanologia, Meteorologia e Hidrologia

70 Avenida 14-57 Zona 13

GUATEMALA, C.A.

Mr. E.H. Sanchez Benett

Instituto Nacional de Sismologia, Vulcanologia,
Meteorologia e Hidrologia (INSIVUMEH)

(Same Address as akbove)

GUINEA

Dr. S. Konate

Directeux, Centre de Recherches
Scientifiques de Conakry-Rogbané

B.P. 561

Rogbané, CONAKRY

GUYANA

Cde Persaud

Chief Surveyor

Ministry of Works and Transport
Kingston GEORGETOWN
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HAITI

Mr. Emmanuel Brog

Secrétaire d'Etat des Finances et
des Affairns Economiques

Palais des Finances

PORT~AU-PRINCE

HONG KONG

The Director
Royal Observatory
134A Nathan Road
KOWLOON

ICELAND

Mr. G. Bergsteinsson

Iceland Hydrographic Service
Rostholf 7094, 127

REYKJAVIK

Dr. S.A. Malmberg
Hafrannoknastofnunin
Skulagata 4
REYKJAVIK

Permanent Representative of Iceland
with WMO
Director, Icelandic Meteorological Office
Bustadavegue 9
150 REYKJAVIK

INDIA

The Director

Geodetic and Research Branch
Survey of India

17 E.C. Road

DEHRA DUN 248001

The Secretary, Department of Ocean Development

Attn. Dr. Yash Pal, Secretary, Dept. of
Science and Technology

Mahasagar Bharan, Block 12 CGO Complex

Lodi Road

NEW DELHI 110003

Mr. J.S. Sarupria
Data & Information Division
National Institute of Oceanography (NIO)
Dona Paula, GOA - 403 004
Tel: 6253-56, 5988
Tlx: 0194-216 NIO IN
0194-316 MGG 1IN
Cbl: OCEANOLOGY

TINDONESIA

Indonesian Hydro-Oceanographic Service

Center for Oceanographic Research & Development
Jalan Pasir Putih 1, Ancol Timur

JAKARTA 1442
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INDONESIA (continued)

National Mapping Agency
Bakosurtanal, km 46

Jl. Raya Jakarta-Bogor
Cibinong BOGOR

Dr. A.G. Ilahude
Center for Oceanological Research & Development -

LIPI
Jalan Pasir Putih 1, Ancol timur
P.O., Box 580/JAK JAKARTA 11001

Mr. Bambang Santoso Soedibjo

Research & Development Centre for Oceanology
Jl. Pasir Putih I, Ancol Timur

P.O, Box 580, DAK JAKARTA 11001

Tel: (62 21) 68 38 50

Tlx: 62875 PDII IA

FAX: 62 21 68 19 48

Cbl: LONAS

IRELAND

Cmdt. M.C. Walsh
Oifigna Suirbhreachta Ordanais
Pairc au Fhionnuisce

Baile Atha Cliath DUBLIN
Tel: 01-213171 or 210121
Tlx: 30126

Tlg: "Ordsur Dublin"

Ocean Services Section

EOLAS

The Irish Science & Technology Agency
Glasnevin DUBLIN 9

Tel: 01-370101

Tlx: 32501

FAX: 379620

Mr. W.G. Callaghan

Meteorological Service

Depariment of Tourism and Transport
Glasnevin Hill DUBLIN 9

ISRAEL

Mr. A. Teitelman

Head, Department for Marine Meteorology
Israel Meteorological Service

P.0O. Box 25 BET-DAGAN 50250

ITALY

Dr. C. Lusettl

Istituto Idrografico della Marine
Pasgo Obhservatorio, 4

16 134 GENOVA

Tel: 265 451

Tlx: 270435 MARIDRI

Mr. A. Brambati

Osservatorio Geofisico Sperimentale (0GS)
P.0. Box 2011

34016 TRIESTE
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ITALY (contipued)

Prof. Mario Astraldi

Istituto dinamica Grandi Masse
Stazione Oceanografica

c/o CREA

c.P. 316, LA SPEZIA 19100

Tels 39 187 536 301

Tlx: 27 12 68

FAX: 39 187 536 213

JAMAICA

The Director
Survey [epartment
P.O. Box 493 KINGSTON

JAPAN

Dr. Ryowro Tatehira

Director, Marine Department

Japan Meteorological Agency

3-4 otemacnii-1l, Chiyoda-ku TOKYO 100

Iwao Noguchi

The Director

Ocean Surveys Division

Hydrographic Department

Maritime Safety Agency

5-3-1 Tsukiji, Chuo-ku TOKYO 104
Tel: (03) 541-3811

Tlx: 0252 2452 HDJODC J

Mr. N. Asada

Director

Marine Department

Japan Meteorological Agency

3-4 Otemachi-1, Chiyoda-ku TOKYO 100

Mr. Masao Matsuzaki

Head, Oceanographical Division

Marine Department

Japan Meteorological Agency

1-3-4 Ohte-machi, Chiyoda-ku, TOKYO 100

Mr. Shin Tani

Chief

International Programmes Group

Japan Oceanographic Data Center (JODC)
5-3-1, Tsukiji 5-chome,

Chuo=-Ku, TOKYO 104
Tel: +81-3-541-3811 -~ Ext. 732

Tlx: 252 2452 HD JODC J

FAX: +81-3-~545-~-2885

Tlm: T.MORI

KENYA

Mr. M.0. 0Odijdo

Kenya Marine and Fisheries Research Institute
Mombasa Laboratory

P,O0. Box 81651

MOMBASA

N
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KENYA (continued)

Mr. J.W. Muhoro

Kenya Meteorological Department
Port Meteorological Office

P.O. Box 98512 MOMBASA

Mr. A.J. Mafimbo
Port Meteorologist
P.O. Box 98512 MOMBASA

MADAGASCAR

Le Directeur

Centre National de Recherches Océanographiques
B.P. 68 207 NOSY-BE

Tel: 613-73

Cbl: CCEAN NOSYBE

Mr. L.C. Rasolofomanana
Service Météorologique National de Madagascar
B.P. 1254 ANTANANARIVO (101)

MALAYSIA

Director of Mapping
Direktorat Pemetaan Negara
Bangunan Ukur, Jalan Gurney
50578 KUALA LUMPUR

Hydrographic Directorate

Department of Navy, Ministry of Defence
Jalan Padnag Tembak

50634 KUALA LUMPUR

Tel: KL 2921333 or 2353075

T1lx: KEMTAH MA 30289

Dr. Lim Joo Tick

Director, Weather Forecasting
Malaysian Meteorological Service
Jalan Sultan

46667 PETALING JAYA, Selangor

MAURITANIA

Dr. M. Ba

Directeur, Centre National de la Recherche
Océanographique des Péches (C.N.R.O.P.)

B.P. 22

NOUADHIBOU

Tel: 45124 or 49035

Tlx: 415 CNROP

MAURITIUS

Meteorological Services Headquarters
VACOAS

Tel: 861031

Tlx: 4722 METEO IW

Cbl: METEO MAURITIUS

Mr. A.W. Oocdally
Meteorological Service
VACOAS
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MEXICO

Vice~Admiral Gilberto Lopez Lira
Secretaria de Marina

Direccion General de Oceanografia
Jefatura X11-100 - RAC-342/86
MEXICO, D.F.

C. Capitan de Navio I.M.N.F.E. Olivares Acosta

Comision Intersecretarial de Investigacion
Oceanografica de la Direccion General de
Oceanografia Naval

Secretaria de Marina

MEDELLIN No.10, 5o0. piso,

Col. Roma

Cc.P. 06700

México, D.F.

Mr. Victor Flores

Permanent Delegation of Mexico to the
United Nations

2, UN Plaza, 28th Floor

NEW YORK, NY 10017

USA

Tel: (212) 752 0220

FAX: (212) 688 8862

MONACO

Centre Scientifique de Monaco
16, boulevard de Suisse
MC 98030 MONACO CEDEX

MOZAMBIQUE

Mr. Sesaluxo Emilio N. Gaveta

Director, the National Service of Navigation
Hydrology and Buoyage

MAPUTO

Mrs. Lidia Po

Director

Instituto de Investagacaoc Pesqueira
P.O. Box 4603

MAPUTO

MOROCCO

Dr. Mohammed Rami

Le Directeur

Institut Scientifique des Péches Maritimes
2 rue Tiznit, B.P. 21

CASABLANCA

Tel: 222090

Tlx: 23823 M

FAX: 266967

NETHERLANDS (The)

The Chief Director

Royal Netherlands Meteorological Institute
(KNMI)

P.O. Box 201

3730 AE DE BILT
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NETHERLANDS (The) (continued)

Mr. A.T.F. Grooters

Royal) Netherlands Meteorological Institute
Postbus 201

3730 AE DE BILT

Dr. D.M.A. Schaap

Director

Marine Information Service (MARIS)
Koopmansstraat 1, 2288 BC Rijswijk, Z-H
Postbus 5807, 2280 HV RIJSWIJK, 2-H
Tel: 070-949500 tst. 252/253

Tlxs 33782 RWSNZ

FAX: 070-900691

Tlm: MARIS.OFFICE

NEW ZEALAND

The Tidal Officer
Royal New Zealand Navy
Hydrographic Office
TAKAPUNA

Mr. J.S. Hickman

Director

New Zealand Meteorological Service
P.O. Box 722

WELLINGTON

Permanent Representative of New Zealand
with WMO

Director, New Zealand Meteorolgoical Service

P,O. Box 722

WELLINGTON

NIGERIA

The Director

Nigerian Institute for Oceanography
and Marine Research (NIOMR)

Victoria Island

P.M.B, 12729

LAGOS

NORWAY

Norges Sjokartverk
Klubbgt 1

Postboks 60

4001 STAVANGER

Tel: (04) 53 21 60
Tlx: 73 689 NSKV N
FAX: (04) 52 78 72

Norweglar Polar Research Institute
P.O., Box 158
1330 OSLO LUFTHAVN
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NORWAY (continued)

Statens Kartverk
Geodesnidivisjonen
Monserudveien
3500 HONEFOSS

Geophysics Institute
University of Bergen

St. Alle Gaten 70, New Line
N-5007 BERGEN

Tel: 05-226200

Norsk Oseanografisk Komite
Sandakerveien 90
N-0483 OSLO 4

Dr. A. Grammeltvedt

Director

Norwegian Meteorological Institute
P.0O. Box 320 - Blindern

0314 osLo 3

Pexmanent Representative of Norway with WMO
Director, Det Norske Meteorologiske Institutt
P.O. Box 320, Blindern

N-0314 OsLO 3

Mr. Reidar S. Leinebo

Norsk Oseanografisk Datasenter (NOD)
Institute of Marine Research
Nordnes Parken 2

P.O. Box 1870/72

N-5024 BERGEN

Tel: +53 27 169

Tlx: 42297 OCEAN N

FAX: 32 13 59

Tlm: NODS.NORWAY

Cbl: METEOCEAN

OMAN

Marine Science & Fisheries Centre
P.O. Box 467

MUSCAT

Tel: 740061/2/3

Tlx: 5503 AGRIFISH ON

Council for Conservation of Environment
and Water Resources

P.O. Box 5310

RUWI

Tel: 704 344 or 704 346

Tlx: 3590 ENVRMNT ON
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PAKISTAN

Dr. G.S. Quraishee )

Director, National Instituté of Oceanography
37-K, Block 6, P,E.C.H.S.

KARACHI 29

Tel: 43 43 08

Tlx: 24681 NIO PK

Tlg: OCERNOLOGY KARACHI

Mr. A. Hussain

Director

Forecasting and Climatology Headquarters Office
34 J Block 6 Pechs

P.O. Box 8017

KARACHI 29

The Director

centre of Excellence in Marine Biology
University of Karachi

c/o Pakistan National Commission for Unesco
Block VIII Civic Centre G-6

ISLAMABAD

REPUBLIC OF PANAMA

Dr. Epinenides Diaz

Research Biologist

Departmento de Evaluacion Pesquara
Direccion General de Recursos Marinos
Apartado 3318

PANAMA 4

Mr., Joseph A. Brady

Acting Chief

Meteorological and Hydrographic Branch
Panama Canal Commission

BALBOA

PAPUA NEW GUINEA

Department of Transport and Civil Aviation
Hydrographic Section

Marine Division

P.O. Box 457

KONEDOBU

PERU

Contralmirante Jorge de Alquila Sanchez

Director

Direccion de Hidrografia y Navegacion de la
Marina

Camarra 500 Chucuito

Casilla Postal 80

CALLAO

Cap. de Corbeta H. Soldi S.

Direccion de Hidrografia y Navegacion de la
Marina

(Same Address as above)
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PERU (continued)

Capitan de Corbeta César del Carmen de la Torre
Servicio Nacional de Meteorologia e Hidrologia
Avenida Republica de Chile 295

Apartados 1308

4862 LIMA

PHILIPPINES

Conrado M. Santos

Bureau of Coast and Geodetic Survey
P.O. Box 1620

MANILA

POLAND

Dr. K. Rozdzynski

Institute of Meteorology and Water Management
Maritime Branch

ul. Waszyngtona 42

81-342 GDANSK

PORTUGAL

Mr. Jose Torres Sobral
Technical Director
Instituto Hidrografico
Rua das Trinas 49-P-1296
LISBOA CODEX

QATAR

Mr. Issa Hussain Al-Majed
Director

Department of Meteorology
P.O. Box 8658

DOHA

REPUBLIC OF KOREA

Office of Hydrographic Affairs
1-17, 7ga, Hangdong

Chung-gu

INCHON

Mr. Kim Kyun-Hyun

Director General

Fisheries Research and Development Agency
Yeongdo-Gu

PUSAN 606

SALVADOR (EL)

The Director General

Instituto Ge>grafico Nacional "Ingeniero Pablo
Arnoldo Guzman"

Apartado Postal No. 247

SAN SALVADOR

AMERICAN SAMOA

Ministry of Transport

Marine and Shipping Divisicn
P.0. Box 1607

APIA
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8A0 TOME AND PRINCIPE

Secretaria de Estado das Pescas
ANA CHAVES

SAUDI ARABIA

Mr. R.M. Romaih

President

Meteorology and Environmental Protection
Administration (MEPA)

P,O. Box 1358

JEDDAH 21431

Mr. Saleh Omar Baazim

Director of Observations and System
P.O. Box 1358, MEPA

JEDDAH

SENEGAL

Mr. Diafara Toure

Coordinateur du Programme Environnement

Centre de Recherches Océ&anographiques de
Dakar Thiaroye (CRODT)

B.P. 2241

DAKAR

Tel: 34 05 34 or 34 05 36

Mr. A.M. Ly
Direction de la Météorologie Nationale
Ministére de 1l'Equipement

8257 DAKAR-YOFF

SEYCHELLES

Minietry of National Development
Dept. of Lands, Planning and Survey
P.O. Box 199

Independence House

PORT VICTORIA

Mr. Patrick Hoareau
Rawindsonde Station
P.0O. Box 181
Victoria

MAHE

Mr. F. Bijoux

Ag. Senior Meteorological Officer
Directorate of Civil Aviation
Ministry of Tourism and Transport
P.0O. Box 181

MAHE

SIERRA LEONE

Institute of Marine Biology and Oceanography
Furah Bay College

University of Sierra Leone

FREETOWN
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SINGAPORE

Mr. Wilson Chua
Hydrographer

Port of Singapore Authority
7 Keppel Road 02-28

Tanjong Pagar Complex
SINGAPORE 0208

SOLOMON ISLANDS

Mr. F. Bugotu

Permanent Secretary

Ministry of Foreign Affairs and
International Trade

P.0. Box G.10

HONIARA

SOMALIA

Ministry of Fisheries
P.O. Box 438
MOGADISHU

Mr. Ahmed Hagi Ali Adani
The General Manager
Scmali Ports Authority
P.O. Box 935

MOGADISHU

Tix: 999 611 SSAMOG SM

Mr. A.K. Farah Hersi
Marine Research Unit
Ministry of Fisheries
P.O. Box 438
MOGADISHU

SPAIN

Mr. Garcia Moron

Serviclio de Mareas

Instituto Espanol de Oceanografia (IEO)
Avenida de Brasil, 31

28020 MADRID

Tel: 597-44-43

Tlx: 44460 IEOD E

Mr. D.F. Fernandez Diaz

Seccion de Datos Oceanograficos
Instituto Espanol de Oceanografia
Avenida de Brasil, 31

28020 MADRID

Tel: 597-44-43

Tlx: 44460 IEOD E

Mr. 'J. Gomez Gallego

Instituto Espanol de Oceanografia
C/Alcala, 27-4° '

28014 MADRID
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SRI LANKA

Mr. S.R. Amarasinghe

Director, Coastal Conservation
Coast Conservation Dept.
Maligawatta Secretariat
COLOMBO 10

Pr. H.V. Dayananda

Chief Engineer (Research)
Tilak Ekanayake

Sri Lanka Portse Authority
COLOMBO 1

SWEDEN

Swedish Meterological and
Hydrological Institute

Folkborgsvagen 1

S-60176 NORRKOPING

Tel: +4611 1580 00

Tlx: 64400 SMHI s

FAX: 170207 or 170208

Mr. H. Dahlin

swedish Meteorological and Hydrological
Institute (SMHI)

601 76 NORRKOPING

Mr. Jan Szaron

Swedish Meteorological & Hydrological Institute
(SMHI)

P.O. Box 2212

§-403 14 GOTEBORG

Tel: 46 31 63 03 30

Tlx: 27108 NATFISH S

FAX: 46 31 130 44

TANZANIA

Mr. Haji Adam Haji

Director, Department of Lande
and Surveys

P.O. Box 811

ZANZIBAR

THAILAND

Hydrographic Department
Royal Thai Navy
BANGKOK 10600

Mr. N. Rananand
Director-General
Meteorological Department
612 Sukhumvit Rd.

BANGKOK 10110
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TRINIDAD AND TOBAGO

Mr. Francis L. Charles

Head, Trinidad and Tobago
Hydrographic Unit

P.0O. Box 1104 PORT-OF~-SPAIN

Mr. C.E. Berridge
Carribean Meteorological

Organization
P.0O. Box 461 PORT-OF-SPAIN
Dr. D. Ramsaroop +
Institute of Marine Affairs CHAGUARAMAS
TUNISIA

Mr. B.M. Chedly
Institut National de Météorologie
BP 22 TUNIS-CARTHAGE

TURKEY

Harita Genel Komutanligi
Geodezl Dairesi
Dikimevi ANKARA

Mr. S. Senhan

Devlet Meteoroloji Isleri
Genel Mudurlugu

P.K. 401 ANKARA

UNION OF SOVIET SOCIALIST REPUBLICS

Mr. B. Khimitch

USSR State Committee for Hydrometeorology
12 P. Morozov Street

MOSCOW 123376

Tlx: 411117 RUMS SU

Dr. V. Smirnov

Deputy-Director, All-Union Research
Institute of Hydrometeorological
Informatica - World Data Centre

6 Koroleva Street

OBNINSK, KALUZHSKAYA OBLAST 249020

Tel: (095) 546 39 10

Tlx: 412633 INFOR SU

FAX: 2556684

Arctic and Antarctic Research Institute
38 Bering Street

LENINGRAD 199226

Tel: 352-03-19

Tlx: 121423 NILAS SU

FAX: (812) 352.26.88

Dr., P. Agafonov

Secretary

Oceanographic Committee of the Soviet Union
11 Gorky Street

MOSCOW 103009

Tel: 229.25.72

Tlx: 411241 suU

Tlg: MOSCOW OCEAN
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UNION OF SOVIET SCTIALIST REPUBLICS (continued)

Dr. E.A. Kulikov

USSR State Committee for Hydrometeorology and
Control of Natural Environment

Marine Department

12 Pavlik Morozov Street 123376 MOSCOW D-376

UNITED ARAD ENIRATES

Mr. H.E. Mohamed Yahya Al-Suweidi

Permanent Reprecentative of the UAE with WMO
Assistant Undersecretary for Civil Aviation
Minisestry of Communications

P.0. Box 900 ABU DHABI

UNITED KINUCOOM

Mr. G.A. Alcock

Proudman Oceanographic Laboratory
Bidston Obsarvatory

BIRKENHEAD, MERSEYSIDE L43 7RA
Tel: 051 653 86 33

Tlx: 628591 OCEAN G

FAX: 051 653 62 69

Dr. David T. Pugh

Institute of Oceanographic Sciences
Brook Road

Wormley, GODALMING, SURREY GU8 5UB
Tel: (428) 79 41 41

Tlx: 858833 OCEANS G

Tim: D.PUGH

FAX: (428) 79 30 66

Capt. G. MacKie
Marine Superintendent
Meteorological Office
London Road
BRACKNELL

Berks RG12 2S8Z

Mr. P.G. Collar

Institute of Oceanographic Sciences
Brook Road

Wormley, GODALMING, Surrey GU8 SUB

Dr. Meirion Tudor Jones

British Oceanographic Data Centre
Proudman Oceanographic Laboratory
Bidston Observatory

BTRKENHEAD

Me-seyside L43 7RA

Tel. +44 (5)) 653 8633

Tlx: 628591 OCEANB G

FAX: +44 (51) 653 6269

Tlm: BODC.UK

Dr. Nicholas C. Flemming

Chairman IODE

Institute of Oceanographic ciences
Deacon Laboratory, WORMLEY,
Godalming, Surrey GUS S5UB

Tel: 042-879 4141

Tlx: 858833 OCEANS G

FAX: 042879-3066

Tlm: N.FLEMMING
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UNITED STATES OF AMERICA

Prof. Klaus Wyrtki

University of Hawaii at Manoa
Department of Oceanography
1000 Pope Road MSB 307
HONOLULU, HAWAII 96822

Tel:s (808) 948,76.33

Tlx: 650 2478678

Tlm: K.WYRTKI

Mr. Bruce Douglas

Chief, Geodetic R&D Laboratory
NOAA/NOS

ROCKVILLE, MD 20852

Tel: (301) 320-3145

FAX: (301) 468-5714

Tlm: NOAA.GEOSAT

Mrs. V.K. Tipple

Assistant Administrator, National Ocean Service
NOAA

1825 Connecticut Avenue N.W., Suite 607
WASHINGTON, DC 20230

Tel: 202/377-4699

Tlx: 7402219 or 7401831 SCOT UC

FAXs 202/673-5178

Mr. Glenn D. Hamilton
National Data Buoy Center, NOAA
NSTL, Mississippi 39529

Mr. Gregory W. Withee

Director

National Oceanographic Data Centre (NODC)

National Oceanic & Atmospheric Administration
(NOAR)

National Environmental Satellite

Data & Information Service

1825 Connecticut Avenue N.W.
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