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-vFOREWOD

The First GARP Global Experiment (FGGE), also called "The Global Weather
Experiment", is the largest concerted international geophysical scientific ef£ort
which has ever been attempted. Although principally directed toward atmospheric
objectives, it has many oceanographic aspects, and promises to be of great value
to both oceanographic and atmospheric science.
This publication was compiled jointly by the World Meteorological Organization (WMO) and the Intergovernmental Oceanographic Commission (IOC) in order
to in£orm the international oceanographic community of all the oceanographic
activities planned within the framework of the FGGE. This publication lists
and briefly describes those oceanographic activities which will contribute to
achieving the objectives of the First GARP Global Experiment (FGGE) during the
FGGE Operational Year 1 December 1978 to 30 November 1979. It is also intended
to serve as a guide to other reports and papers which provide more detailed
information on the specific oceanographic activities.
The discussion herein on the oceanographic programmes during the FGGE
includes:

i)

long-term operational oceanographic measurement programmes,
already on-going, which will contribute to FGGE objectives;

ii)

special FGGE observing programmes which are related to oceanographic
objectives; and

iii)

sp·ecie.lized oceanographic research programmes which will contribute
directly to FGGE goals.

With collected descriptions, references and contact points for all
these activities and progranunes in a single descriptive volume, this publication
can serve as a guide for oceanographers and other FGGE scientists to the oceanographic research that is planned, as well as the oceanographic data that can be
expected to result from FGGE.
The FGGE oceanographic data set which will be compiled from the progrCllllllles
mentioned herein will be the most complete year-long ocean data set assembled to
date. Thus, it will be of great potential value to oceanographers for largescale, long-tenn, regional and climate studies, as well as £or the smaller
scale studies which make up its component parts. It is expected to provide a
major step forward in the continuing e£f'ort by the world's oceanographers toward
explaining the general circulation of the world's oceana. Moreover, because 0£
the emphasis given to oceanography during . the FGGE year in the tropical oceans,
the data set will have _special applicability toward the understanding of the
behaviour and dynamics of the world's tropica"i oceans; bioproductivity and
related fisheries problems1 mixing1 and dispersal 0£ pollutants.
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INTRODUCTION

The Global Atmospheric Research Programme (GARP), a joint undertaking of
the World Meteorological Organization (WMO) and the Inte~national Council of
Scientific Unions (ICSU), is one of the most ambitious and complex co-operative
efforts ever undertaken in the field of international geophysical science. Its
potential impact on the well-being and productivity of mankind in relation to the
geosphere is profound. The scientific objectives of GARPt followed by the objectives and plans of the First GARP Global Experiment (FGGEJ, known also as the
Global Weather Experiment, are given belowc More detailed information on GARP
and FGGE can be found in the list of References at the end and in the other volumes
of the GARP Publication Series listed on the back cover. A list of addresses of
contact points from which copies of these references and other pertinent information can be obtained is given in Annex I.
1.1

GARP Objectives

The Global Atmospheric Research Programme (GARP) (References 1 and 2),
was conceived to explore and elucidate those physical processes in the troposphere
and stratosphere that are essential for an understanding of:
- the transient behaviour of the atmosphere as manifested in the largescale fluctuations which control changes of the weather; this would
lead to an increase in the accuracy of forecasting over periods from
one day to several weeks;
- the factors that determine the statistical properties of the general
circulation of the atmosphere which would lead to a better understanding
of the physical basis of climate.
Because of the global nature of these problems, and the need for resources
beyond those that could be provided by any one nation, GARP was developed from its
inception as a fully international effort within the framework of the WMO and !CSU.
1 • 1. 1

In pursuit of GARP objectives, it is clear that an understanding of both
the impact of the atmosphere on the ocean, and the ocean's feedback on · the atmosphere is essential on the scale of hours to days for atmospheric forecasting, and
on the scale of weeks to years for an understanding of climate and its variability.
For a given forecasting model run, only global sea surface temperature
during the time of the run is required, on scales of roughly 1000 km in midocean regions and perhaps a few tens of kilometres in certain regions of intense
interactions such as the Gulf Stream during northern winter, or the edge of the
ice shelves in polar regions. For longer term predictability, oceanic-atmospheric
exchange processes become important. Modelers must be able to parameterize, in
a physically realistic way, vertical mixing and exchange processes which occur
throughout the depth of the oceanic mixed layer (from ~ens to hundreds of metres)
on time scales of a day to a season. At still longer time scales, horizontal
mixing becomes important.
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For predictability on the scale of weeks to years, the high frequency
tlm:shold of a climatic variability, ocean processes well below the surface lccy-er
and considerably removed from the local time and/or region of interest can
play a crucial role. For example inter-annual variability in monsoon rains
over India can be related to oceanic mixed layer heat anomalies in the Arabian
Sea several thousand kilometres to the west. The economically important
upwelling, or lack of it, off the western coast of South America can be related
to anomalies in ocean heat storage which occur in innnense pools of upper water
ten thousand kilometres to the west and several months in advance of the
upwelling variabilities. In "El Nino" years, the strength of the trade winds
declines in the western tropical Pacific, and sea level there drops dramatically.
Correspondingly, sea level rises in the eastern tropical Pacific, suggesting a
large scale transfer of warm central waters toward the east. These warmer
waters overlie the nutrient rich coastal waters off Peru and thereby create the
phen011enon. On the fully global scale, the continuous poleward heat flow that
renders so much of our planet inhabitable appears to be maintained jointly ad
about equally by the ocean and the atmosphere together. These processes penetrate
deeply into the oceans interior and evolve on ac&les from months to years.
Thus, the necessary depth, horizontal, and temporal scales required
for meaningful oceanographic observations to elucidate ocean phenomena intimately connected with GARP objectives are set by the phenomena themselves.
They range from the shallowest instantaneous surface film to the entire depth
and/or breadth of the ocean on time scales of years. The phenomena themselves
are not yet fully understood, but it is abundantly clear that they are important
keys to the achievement of the GARP objectives. Consequently large scale longterm ocean studies, as well as smaller scale local process-oriented experiments
will be critical elements for the success of the Global Atmospheric Research
Programme (Reference 2).

1·. 2

FGGE Objectives

A number of regional and phenomenological experiments such as the GARP
Atlantic Tropical Experiment (GATE), t~e Joint Air-Sea Interaction Project (JASIN),
the Indian Ocean Experiment (INDEX), the Air Mass Transformation Experiment
(AMTEX), and the Complete Atmospheric Energetics Experiment (CAENEX) have been
conducted within GARP to lay the scientific and· technical groundwork for a
fully global experiment and data assimilation system aimed at improving weather
prediction capability. This experiment, the First GARP Global Experiment, has
been designed to measure the large-scale transient nature of the atmosphere,
specifically:
i)

To obtain a better understanding of atmospheric motion for the
development of more realistic models for weather prediction.

ii)

To assess the ultimate limit of predictability of weather systems.

iii)

To design an optimum composite meteorological observing system for
routine numerical weather prediction of the larger-scale features
of the general circulation.

iv)

To investigate, within the limitation of a one-year period of observation, the physical mechanisms underlying the fluctuations of climate
in the time range of a few weeks to a few years and to develop, and test
appropriate climatic models.
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Because of the inherent time scales of the processes of interest,
FGGE was designed at the outset to be a one year experiment with fully global
sampling which would include two Special Observing Periods (SOPs) during which
sampling would be particularly intensive and dense in specific sub-global
regions and within each SOP an ir:tensive period when sampling density would
reach a sustained maximum. The sheer massiveness of the supporting ma.chinery
required that a year be set aside during which the observational system could
build up to full operational strength and reliability (see References 3 and 4).

THE OBSERVATIONAL PHASE OF
THE FIRST GARP GLOBAL EXPERIMENT
BUI LO-UP YEAR
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Fig. 1a-Time schedule for the first GARP Global Experiment
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As shown in figures 1a and 1b, the FGGE will be carried. out according
to the following schedule:
Build-up year

December 1977

30 November 197'3

Operational year

December 1978

30 November 1979

Special Observing Period I
Intensive Period I
Special Observing Period I I
Intensive Period I I

1979
./ March 1979
13 February 1979
15 January 1979
1 May 1979
30 June 1979
8 June 1979
10 riiay 1979
5

.January

~

The ori.e-year experiment will be followed by a Research and Evaluation Phase
which will extend well into the 1980s.
Although developed and organized principally by the World I<Ieteorological Organization and the International Council of Scientific Unions,
the FGGE is supported by many branches of the United Nations, including the
United Nations Development Prograrnme (mrnP), the United :Nations Environment
Programme (UNEP), the Food and Agriculture Organization of the United Nations
(FAO), the United Natio~s Educational, Scientific and Cultural Organization
(uimsco), the Intergovernmental Oceanographic Commission (roe) and other
international organizations including the International Chamber of Shipping,
the International F.ydrographic Organization, the International Council for the
"Exploration of the Sea., and the European Space Agency. Participants include
virtually all of the combined Members of WT10 and roe, over 150 countries in all.
As shov.m schematically on the frontispiece, the global atmosphere and
ocean will be observed by means of a co-ordinated international effort
employing:
Coverage
The World Weather Hatch Surface-based stations (ocean and land)

4
5

Polar Orbiting Heteorological Satellites
Geostationary Meteorological Satellites

Special aircraft releasing parachute-borne i!'l...strumentation
Specially deployed· atmospheric sounding ships

Global
It

50°N-50°S
Tropics
II

Balloons floating freely at high and constar..t altitudes
- other research satellites such as NIM13US-G

Drifting buoys
Commercial aircraft and ships equipped with meteorological and oceanographic instruments
Oceanographic research vessels

Global
Southern
Hemisphere

Global
Global, but
primarily
tropical
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Oceanographic RelatioEships to the Global Weather Experiment

1. 2. 2

The extensive global, meteorological and oceanogra.phic data-gathering
effort that will take place during FGGE provides a unique opportunity to

relate the mean and variable features of oceanic flows to the corresponding
atmospheric forcing. The a.reas of greatest scientific interaction between
FGGE atmospheric a nd oceanic research programmes will be those involving
direct energetic a:i~ mospheric/oceanographi c coupling such as:

i)

ii)
iii)

investigations of Honsoon-related phenomena including the onset and
evolution of the Somali Current, associated. upwelling, and formation
and maintena.nce of the Arabian Sea mixed layer;
investigations of the global equatorial current systems in their
relationship to trade wind forci ng for means and variabilities;
investigations of associated upwelling, mixing, and bioproductivity.
Conversely, since numerical models suggest an atmospheric sensitivity
to oceanic thermal forcing particularly in equatorial regions, it is
anticipated that forecast model ers will benefit particularly from
increased sampling and enhanced definition of sea surface temperature
(SST) and upper winds provided by FGGE oceanographers in the tropics.
Oceanographers will make special efforts to install long-term surface
level wind recorders on mooring buoys and tropical islands, and will
participate in Marine Meteorological Measurement programmes, thereby
contributing importantly to the low level wind data base in these historically data-sparse regions.

Other mutual scientific benefit s will accrue through the joint use
of facilities and platforms including ships, aircraft, satellites and drifter
buoys. FGGE satellites will track meteorological and oceanographic surface
drifters as well as provide large scale atmospheric and sea surface radiometric
data. The gross behaviour of the surface waters in the Southern Oceans should
be considerably better defined due to the anticipated dramatic increase in
surface layer data available from the FGGE drifting buoy programme. This region
is historically data sparse.
Ocean scientists will help meet the need for oceanographic observations in the FGGE by providing data on:
Global sea-surface temperatures;
Vertical structure of ocean temperature in the upper 200 metres,
and deeper, where possible;
Time-dependent response and spatial structure of equatorial and
associated ocean current systems including coupled mid-ccean phenomena.
The complete data base which will result from the FGGE, containing
a comprehensive set of atmospheric and surface oceanographic parameters, will
aid oceanographic investigators by provid.ing the best and most extensive maps
of the global wind and thermod.,vnamic forcing fields ever constructed. Oceanographic benefits may be somewhat inhibited by the shorter time scales inherent
in atmospheric processes and reflected in the length of the Special Observing
Periods. Nevertheless, the expected data set of pressure, temperature and
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curface wind field.s , especially in the equatorial region and near the polar
regions, when combined with oceanographic data collected during the FGGE
(see chapter 4), should be extremely beneficial in improving our understanding of atmospheric-forced ocean processes and feed-backs on shorter
and intermediate time scales. The combined data set should prove useful
as a single year-long realization for the study of climatic scale phenomena.
It is anticipated that the overall FGGE data set will support ocean research
in such specific areas as equatorial current, wave, and mixing phenomena;
local and remote wind-driven coastal upwelling processes and associated bioproducti vi ty; the general circulation; formation, maintenance and decay of the
ocean mixed layer; wind-driven circulation; and polar processes.
2.

ELfl\'IENTS OF THE FGGE RELATED ID OCEANOGRAPHY

The atmospheric observing elements of the FGGE consist of (i)
operational systems within the World Weather Watch (WW\ri) Programme (references
8 and 25) of the World Meteorological Organization, (ii) Specialized FGGE
Observing Systems (reference 25), (iii) other atmospheric/oceanographic .
research activities designed specifically for the Global Weather Experiment
and (iv) observing systems of special regional experiments. In a parallel
manner to the above atmospheric observing elements, the oceanographic components of the FGGE are presented in the sub-sections 2.1, 2.2, 2.3, and 2.4
below. Oceanographic data observed within these programmes will be collected,
formatted and archived as part of a single FGGE Oceanographic Data Set available
to the international oceanographic community through World Data Centres within
two years after the end of the Experiment (see chapter 4 of this publication
for further details).
2.1

Operational Oceanographic Observing Systems

There are two principal international operational programmes which
contain elements concerned with the observation, transmission, and subsequent
distribution of real-time ocean related data. These are: the World Weather
Watch (WWW), which is solely the responsibility of W:MO; and, the Integrated
Global Ocean Station System (IGOSS) (reference 5), which is co-sponsored by
the IOC and WMO.
It is noted that these operational programmes have been functioning
for a number of years. Although they were not created specifically for the
FGGE, special efforts will be made to maximize the data base anticipated from
these operational programmes in time for the FGGE so as to provide a large,
consistent quantity of basic atmospheric and oceanographic data upon which
the FGGE planners can depend. The HWW programme overall will provide the
backbone of the FGGE meteorological data collecting network about which other
specialized FGGE data gathering projects have been designed.

IOC/INF-351
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2. 1. 1

Elements of the World Weather Watch (WWW) of the World
Meteorological Organization (WI~O)

As stated in the ~~lW Pla.n and Implementation Programme 1976-1979
(Reference 8), the primary purpose of the World Weather Watch is to make
available to each WMO Member, within the limits of the agreed system, the
basic meteorological and other related environmental information required
in order for Members to provide the most efficient and effective meteorological services possible, as regards both meteorological applications and
pure research.
The basic operational elements of the WWW are:
(a) the Global Observing System (aos), consisting of a network of
synoptic observation systems in space, in the air, on land,
and at sea;
(b) the Global Telecommunication System (GTS), consisting of the
telecommunication facilities and arrangements necessary for
the rapid collection and distribution of the basic raw
observational data and subsequent processed data;
{c) the Global Data Processing System (GDPS) consisting of meteorological centres for the processing of the basic observational
data (real-time uses) and for the storage and retrieval of data
(non-real-time uses).
Oceanographic components of the Global Observing System include
both in situ components such as Volunteer Observing Ships, Ocean Weather
Stations, Automated Data Buoys and remote sensing components, including aircraft,
and both polar orbiting and geostationary satellites. These are discussed
below.
2.1.1.1

Volunteer Observing Ships {VOS)

The ma.in source of sea-surface observations within the WWW is mobile
ships, including merchant, fishing, and research vessels. These ships are part
of the WWW programme called "The Voluntary Observing Ships {VOS) Scheme"
.
(References 8 and 9). VOS observations include, in addition to main meteorological parameters, sea surface temperature, sea surface currents, sea
surface waves, height, period and direction, and sea ice. At present, there
are over7,200 VOSs, and plans call for over 7,500 ships participating in the
VOS network by the end of 1979. The area and coverage of the ocean provided
by the VOS for a single synoptic observation time is exemplified by Figure 2.

2.1.1.2

Ocean Weather Stations

Ocean Weather Stations are relatively fixe4 positions in the open
ocean occupied by well-instrumented ocean-going vessels. The number of fixed
ocean weather stations is at present six. As shown in figure 3, there are
four stations in the North Atlantic and two in the North Pacific, one of which
is operated only during the typhoon season. The Ocean Weather Ships provide
routine observations of surface and sub-surface ocean parameters as listed in
Table 1 of chapter 4. Although limited in number, these ships provide
invaluable, continuous, high-quality time series of numerous oceanographic
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parameters. For example, long term data series from the Pacific station "Papa"
have contributed crucially to the development of realistic models of the roles
of surface processes in the evolution of the mixed layer on scales of hours to
seasons.
2.1.1.3

Automated Data Buoys

Several nations have engaged in the development of automated, drifting
or moored data buoys. Some of these buoys are a part of the \~~i observing
system and hence their messages are reported in real-time through the Global
Telecommunication System (GTS). At present there are approximately 20 moored
data buoys in this category as shown in figure 3. Their locations, descriptions
and functions can be found in Reference 10. Those buoys that measure and
report subsurface ocean parameters, are also considered as part of the !GOSS
network (see 2.1.2 below).
2.1.1.4

Satellites

Environmental satellites can be divided into two groups; those in
near-polar orbits and those in geostationary orbit. For the former, the
orbital altitude can vary within a wide range of choices, while with the
latter the altitude must be approximately 37,000 km. This affects instrumental resolutions. A satellite in near-polar orbit at an altitude of, say
1,000 km, can achieve considerably better resolution with a given remotemeasurement system than can a geostationary satellite using the same measurement system. Moreover, a near-polar orbiting satellite is able to observe
the entire globe albeit on an asynchronous basis. Geostationary satellites
can provide high quality data from a given area within a range of 60° to 65°
from the sub-satellite point. This data is truly synchronous. In the FGGE,
geostationary satellite data will be collected up to a range of 75° to 80° from
the sub-satellite point, but da~a from the fringes may be somewhat degraded.
'!'he principle merit of geostationary satellites is of course that they can
provide a more or less continuous if distant picture of the development of
large scale atmospheric and/or oceanic systems within their wide fields of
view.
The WWW meteorological satellite programme will provide reasonably
complete remote coverage of the globe during the FGGE. The satellite subsystem is planned to consist of four polar-orbiting satellites (two each from
the USA and the USSR), and five geostationary satellites, as shown in Figure 4.
In addition to providing information on sea surface temperature, these
satellites will provide a data collection and dissemination capability for
both stationary or non-stationary oceanographic platforms.

Figure 2 - Exaraple of areal coverage by Volunteer Observing Shipe during one observation period
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Figure

3 -
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Figure 4 - Coverage for quantitative use of imagery from the five
Geostationary Satellite Systems (50° from sub-point)
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2.1.2

Integrated Global .Ocean Station System (IGOSS)

The Integrated Global Ocean Station System (IGOSS) is an ocean data
gathering programme under joint development by the IOC and WMO. The purpose
of !GOSS is to provide more extensive and timely information on and predictions
of, the state of the ocean and its interactions with the atmosphere (reference 5).
To fulfil this purpose in part, !GOSS promotes and co-ordinates the real-time
acquisition of oceanographic data from all parts of the world's oceans; the
rapid transmission of these data to designated centres for data processing and
products, and the rapid distribation of these products to users throughout the
world.
Of direct interest to FGGE is the element of !GOSS known as the
BATHY/TESAC Operational Programme (BTOP) (Reference 6). The BTOP is devoted
to rapid acquisition and dissemination of oceanographic measurements at
different depths of sea water temperatures, salinities, and currents. At
present there are approximately 250 ships and buoys from 15 countries participating in BTOP and providing approximately 3000 reports per month. A typical
distribution of BATHY/TESAC reports integrated over a 6-month period is shown
in Figure 5. The majority of these reports are temperature vs depth observations. Particular note is taken of the lack of measurements in the world's
tropical oceans, as well as in the oceans of the Southern hemisphere. These
data-sparse areas have been, and continue to be, a topic of much discussion
and planning. The FGGE will provide an excellent opportunity to increase the
sampling fre·quency in these areas.
As discussed in Reference 7, both IOC and WMO will give priority to
efforts which strengthen and develop the IGOSS components during the FGGE year,
and later for other GARP exercises. During the FGGE special IGOSS products
will be prepared as part of the. IGOSS Data Processing and Services System
(IDPSS). Present planning calls for near-real-time as well as delayed-mode
oceanographic products to be issued during parts or all of FGGE (see Table Ia).
In addition to product preparation, data distribution arrangements have been
made for special FGGE data collection and exchange activities at one-real
time IGOSS data collection centre,· and five delayed mode !GOSS data collection
centres (see Table Ib).
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TAELE I - Summary of Volunteered !GOSS products
during the Global Weather Experiment
TABLE Ia - IGOSS Products
!GOSS Product or Service desired

Member State* (National. organization)
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Table lb - !GOSS data collection centres performing special tasks during the
Global Weather Experiment
!GOSS data collection centre
function for FGGE

Member State* (National organization)

Real-time mode data collection centre
for BATHY/TESAC messages (Special
Oceanographic Data Centre for FGGE)

Federal Republic of Germany
(German Hydrographic Institute)

Delayed mode data collection centre
for BATHY/TESAC log forms
(Special 0 ceanograohic Data Centre
for FGGE)

USA (Fleet Numerical Weather Central)

Delayed mode data collection centre
for BATHY/TESAC log forms

USA (National Oceanographic Data
Centre)

"

"

JAPAN (Japan Oceanographic Data
.
Centre)

"

"

USSR (USSR Oceanographic Data Centre)

"

"

FRANCE (Centre Oceanologique de
Bretagne, CNEXO)

IOC/INF-351
page IS
0

~

"'

0

"'

::

fJ

~

~

~

0

"'

~

0

0

N

~

~

~

~

~

...
0

~0

...

::

~
0

0

ID

!!!

0

~

"'
!;

~

~

g

!;:

-~

::

~

7

7

0

c

I

I

::

2
I

~

0

"'
rr~

§

...

~

0

...

0
.....

0

7 ~
t"II

..,5
..:

0
..+

"'

0

7

M

..

0

II

u

.s

"'

~

0

0

.c:
Do

\

II

Q

~

0

a.

~

~

.,,0

0

__

e = II
I

::

II

..."'

0

II

.c:
~

~

0

:
....~

;:
~

~
II'\

II

fo"'

ik:

~

N

~

0

'°
0
.....

0

CIO

~

I
I

~

:

I
I

~

I

:ii

0

"'"'

"'
Cl

2

~

"'

::

...

~·

..,

g

Cl

Cl

!;

~

0

Cl

"'

II)

Cl

Cl

'°

~

f:

~

Cl

Cl

"'
0

0

"'

0

Cl

"'

'°

5::

~

~

c

N

~

0

Cl
N

~

~

0

~

Cl

~

~

c

"'

~

Cl

"'

IOC/INF-351
page 16-

2.2

Specialized FGGE Observing Systems pertaining to Oceanography

Although the basic observational elements of the FGGE, as discussed
in Section 2.1, provide global coverage, in some regions, notably the tropics
and the southern hemisphere oceans, the data are incomplete. To supply the
necessary additional data from these data-sparse areas, both on the ocean's
surface and in the atmosphere, several specialized observing systems will be
implemented during the FGGE year. These systems, as shown pictorially in the
frontispiece of this pµblication include: drifting buoys, tropical wind·observing
ships, research satellites, aircraft dropsonde systems, and other specially
equipped aircraft. It is noted that, in the main, these systems will be
operational only during the FGGE year and in some cases only during SOPs.
Those of particular interest to oceanographers are described throughout the
remainder of section 2.2.
2.2.1

Southe~

Hemisphere Drifting Buoy System

The objectives of the First GARP Global Experiment require a reasonably uniform global coverage of meteorological data. This is particularly
difficult in the southern hemisphere which possesses a vast area of ocean
largely untravelled by ships. The most practical method for obtaining data
from these ocean areas appears to be a combination of satellites, to obtain
atmospheric vertical profiles, and a network of buoy stations, to provide ·
reference observations of atmospheric pressure and sea water temperature at
the surface.

a

To fulfil this need,
drifting buoy system (references 11, 12 and
25 Vol. 5 Part D) has been developed for operation in the belt 20°s to 65°s
during the Global Weather E!:x:periment. A total of about 300 drifting buoys of
several similar designs will be provided by participating countries. These
will be distributed more or less uniformly over the oceans of the southern
hemisphere south of 20° South latitude by ships of opportunity, endeavouring
to space them at 1,000 km apart on average. After deployment they will drift
freely (undro.gued) following ocean surf~ce currents and to a lesser extent
surface winds. Ships of those countries contributing buoys and other countries
have agreed to assist in the deployment of the buoy array and a plan to make
optimum use of such assistance has been developed (reference 25 Vol. 5 part D).
The deployment of the buoys has already, started; approximately 200
buoys will have been deployed by the start of the first Special Observing
Period. Reserve buoys will be deployed to bolster the first array just prior
to the second Special Observing Period. A hypothetical buoy distribution is
shown in Figure 6. Since a typical buoy life is anticipated to be well in
excess of six months, some buoys should still be transmitting valuable data
at the end of 1979.
Buoy data which includes position, surface air temperature, surface
air pressure and sea surface temperature will be collected by the Tiros-N and
NOAA satellites and processed in near-real time through the French ARGOS system.
Because these satellites are sun-synchronous polar orbiting satellites (inclination 98°, period 100 min) they can receive data from platforms in the polar
regions more frequently than from buoys in tropical waters. In the belt 20°5
to 65°5, 6 to 12 observations per day can be expected £rom each buoy.
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Fi1Jitre 6a. Hypothetical buoy positions during SOP l.

~igure 6b. Hypothetical buoy positions during SOP II.
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Arrangements have been made for the processing 0£
these data to obtain representative values for pressure, sea-surface temperature,
and position; for transmitting these data over the Global Telecommunications
System of WWW; and for archiving them for research uses. It is noted
that because the large majority of these buoys are not drogu.ed, their reported
locations as a function of time will only reflect approximate average surface
current velocities. The buoys are affected to some extent by the wind and
swell, and caution must be used when interpreting these raw velocity data.
Efforts are underway to devise empirical schemes to correct for windage.
The management and planning for this system are carried out by the
Committee of Participants for the Southern Hemisphere Drifting Buoy System,
which reports to the WMO EC Intergovernmental Panel on the FGGE through the
GARP Activities Office of the WMO Secretariat.
2.2.2

Tropical Wind Observing Ships

(TWOS)

Syst~

Tropical Wind Observing Ships (TWOS), described in References 13, 14
and 25, Vol.5 part A, will be deployed to augment the land based network of
upper-air wind profile stations in the equatorial belt (10°N to 10°S). The
TWOS will provide these measurements through the release of high-altitude
balloon-borne wind, temperature, pressure and humidity sounding devices which
use either OMEGA navigational aid (Navaid) radio signals or radar/radio for
wind finding. Over 50 vessels of varying design will make up the TWOS system
during SOPs. These ships will be: (i) ships dedicated principally to FGGE
wind findings; and (ii) oceanographic research ships principally conducting
work in the tropics during the .SOPs but also willing to participate in the
TWOS programme, by making upper-air measurements; (iii) other vessels of
opportunity such as merchantmen and naval vessels. All TWOS ships have been
encouraged to take certain basic oceanographic measurements in support of the
FGGE (see section 2.3.2), as well as in support of other oceanographic programmes being conducted. Many of these ships will participate in the various
programmes being developed by Working Group 47 of the Scientific Committee on
Oceanic Research (SCOR, see Section 2.3.1) both during SOPs (i.e. the only
periods when TWOS will be operative) and other periods throughout the FGGE
Operational Year.
2.2.3

Research Satellites

Although not developed specifically for the FGGE, several research
satellites apart from those mentioned with respect to the World Weather Watch
Global Observing System (GOS) are planned to be aloft during the FGGE Operational Year. At least one such satellite is of note to oceanographers:
NIMBUS-a. For a discussion of this satellite and other satellites of
interest to oceanographers, see Reference:; 15 and 30.
2.2.3.1

NIMBUS-G

Instrumentation on NIMBUS-G will provide measurements from which the
following data may be derived: a) ocean surface and atmospheric parameters such
as sea ice coverage, sea surface temperature, ocean surface wind speed. total
atmospher~~Vlater vapour, rain rate over the oceans, snow cover and soil
moisture; b) earth radiation budget data on both . synoptic and planetary scales;
and c) ozone distribution and total ozone amounts.
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2.3

Oceanographic Research during the FGGE

It is not the intent to discuss in this document all the oceanographic research that will be conducted during the FGGE year. However, it is
important to note that all oceanographic and surface meteorological measurements obtained from oceanographic field experiments during the Operational
Year will be of potential value to FGGE, particularly if they were obtained
in tropical or southern oceans. Correspondingly, it is important that the
oceanographic community be aware that much of the oceanographic data collected
during the FGGE year is planned to be inventoried and some of these data will
be· collected, formatted, and archived as part of a unified FGGE Oceanographic
Data Set for climate research. These data will be available to all oceanographers, whether or not they have participated in the FGGE, through the usual
channels (see chapter 4).
2.3.1

~anographic Programme for the FGGE (SCOR Working Group_47)

A large number of oceanographic programmes were specifically designed
to take advantage of the many atmospheric and oceanographic measuring platforms
planned to be operational during the FGGE Year. The programmes, which are
principally in the tropical regions of the world's oceans, were stimulated,
developed and co-ordinated by Working Group 47 of the Scientific Committee on
Oceanic Research.
Following wide-ranging enquiries in 1975 which took into account
existing FGGE meteorological plans, SCOR WG 47 determined that it would be
advantageous to concentrate oceanographic research efforts in the equatorial
regions of the. world's oceans during the FGGE operational year. As the tropics
were one of the principal global regions requiring ships for meteorological
objectives, the two programmes became mutually supportive. Because equatorial
phenomena differ somewhat from ocean basin to ocean basin and because of the
sheer magnitude and logistical complications of a global experiment, SCOR WG 47
established three panels, for the Atlantic, Indian and Pacific tropical oceans.
Informal contact with International Southern Ocean Studies (!SOS) planners
provided liaison with research being conducted in the Southern Oceans.
The three panels have met, corresponded and produced various interim
reports on the status of their planning. Reports of scientific plans developed
and refined at their meetings have served as a basis for a series of unified
SCOR WG 47 Reports on the Oceanographic Programme for the FGGE (reference 16).
The final SCOR WG 47 pre-experiment report forms the principal scientific
content of Volume 7 of reference 25.
FGGE tropical oceanographic measurements will be obtained with more
or less uniform intensity throughout the FGGE Operational Year, perhaps
favouring somewhat greater intensity during the first half of the year.
Thus, £or oc-eanographic purposes, the meteorological activity peaks associated
with the Special Observing Periods (5 January-R March, and 1 May to 30 June 1979)
will be smoothed over a longer time span as is fitting to the inherent longer
time scales of the oceanographic processes of interest.
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Figure 7 indicates the areas in which SCOR WG 47 scientists plan to
conduct FGGE research. The single most unifying objective of the planned FGGE
oceanographic programme is the study of the dynamics of the equatorial current
systems including their global mean structure, low frequency variability (3 to
50 days), atmospheric forcing, interactions with extra-tropical flows, mass
and heat transport, mixing, upwelling and bio-productivity. Evidence of all
of these subjects has been found in each of the ocean basins with varying
degrees of similarity.
There appears to be a phase-lagged seasonal relationship between
large-scale anomalies in heat storage at low latitudes in the West-Central
Pacific, and large amplitude variabilities in the current structure to the
east (El Nino). The time scale is long, and plausible advective and propagative mechanisms have been advanced. Convincing evidence for large-scale
waves has been found both in long-term tide gauge records from tropical
islands, deep sea moorings, and in striking satellite radiometric photographs
of large-scale regular undulations in the Pacific equatorial surface front
(reference 25, Vol. 7).
The tropical Atlantic appears to possess the same kinds of current
systems, waves and processes, but with different manifestations. As in the
Pacific, a high productivity upwelling zone occurs to the east (Gulf of
Guinea), but it is more nearly regular year to year and, as in the Pacific
Ocean, is not directly correlated with local winds. Recent theoretical work
suggests this upwelling may be -the result of a coastal interaction with a
large scale equatorial wave induced by variabilities in the tradewinds in
the far Western Atlantic.
The Indian Ocean current system is, of course, dominated by largescale seasonal variability of, and transient effects associated with, the
monsoonal winds. Recent pilot measurements of the vertical structure of its
equatorial current near 50°E have revealed far more intricate structures than
were heretofore envisaged in any ocean current system. These structures have
since been detected in the Pacific. The Indian Ocean also has an intense
western boundary current, the Somali Current, which forms and dissipa-tes each
year with the :>:-c1cet and termination of the SW monsoon~ This current is
crHically related to deep upwelling which supplies the coastal surface waters
with rich nutrients, and provides a large scale source of surface water from
depth to cool the Arabian Sea. The effects of this cooling are thought to be
strongly related to the monsoon rains over the Indian subcontinent.
As might be expected, therefore, the plans for FGGE oceanographic
resec:,rch that have evolved differ from one ocean to the next. They
endeavour to fit together for each ocean basin all the scientific interests
and resources available to form as coherent a study as possible of that
basin's characteristic equatorial phenomena. It is anticipated that
this co-ordinated assault on the problems of equatoria.1 dynamics during
the FGGE, which will build upon the collected results of pilot studies
conducted prior to the Operational Year (GATE, INDEX, NORPAX, etc.) will
provide a principal step forward in our understandi:ng of equatoria.l
dynamics of the air-sea system and provide a stable framework on which
future dyr1amic and c ' imatological studies can be based.

See§ 2.2.3.1 for the names and addresses of the officers of
3CCR Working Group 47.

Fig. 7. Areas of probable intensive oceanographic investigations
during the FGGE as of May 1977.
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Many of the ships participating in the FGGE will be either fully
outfitted oceanographic research vessels, or ships which have been specially
outfitted for specific oceanographic measurements. They will be manned by
teams of professional , oceanographic scientists and technicians, and will
conduct individual oceanographic research programmes designed for the FGGE
by the ocean scientists working aboard them. These individual efforts have
been co-ordinated by SCOR Working Group 47, so that their net effect will be
a systematic, large-scale year-long study of equatorial dynamics (mean
current systems, large scale waves, mixing, upwelling, productivity, etc.)
and related atmospheric phenomena (heat storage and transport, forcing, interaction and feed-back). The observational programmes in which these vessels
will engage are somewhat specialized and some of their instrumentation is
sufficiently complex as to require trained oceanographic technicians to
operate it (see volume 7 of reference 25).
There are a number of significantly valuable measurements which
require neither oceanographic research vessels nor specially trained oceanographic observers which can be conducted in support of the more specialized
oceanographic measurement programmes. It is on these complementary measurements that the Basic Oceanographic Programme is based.
Recommended measurements*
Sea Temperature
Since the mean mid-ocean sea surface temperature distribution is
basically zonal, estimates of large-scale north-south motions of surface
water masses can be made from measurements of this kind. Near land masses
bordering on the east or west, the temperature distribution tends to align
more nearly parallel to the coast and it is common to find boundary currents
such as the Humboldt or Somali Currents. Measurements across these features
(i.e. perpendicular to the coast) help to determine the positions and
strengths of such currents.
i) Bucket Temperature Measurements
These are sea surf ace temperature measurements performed by drawing
a surface water sample with a bucket or other suitable container from over
the side of the ship, care being taken to avoid the ship's exhaust ports.
The temperature of the sample is then quickly measured with an ordinary
mercury glass bulb thermometer. Experience shows these measurements can
give results accurate to a fraction of a degree. They are generally far
more reliable than sea surf ace temperatures obtained from the intake water
used for cooling the ship's engine.
ii)

Mechanical Bathythennographs

A streamlined weight (about 10 kg) tethered by a thin cable to a
free-fall until all the line is paid out. Then it is retrieved by rewinding
the cable onto the winch. The weight contains pressure and temperature

*

See IOC Manuals and Guides No. 4 "Guide to Oceanographic and Marine Meteorolog i cal Instruments and Observing Practices", reference 29 of this publication.
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sensors that drive a metal stylus and scratch a trace on a smoked glass
side. This trace represents the vertical distribution of temperature and
is accurate to a fraction of a degree if the instrument is well calibrated.
With practiced operators, these instruments can routinely measure to a
depth of 250 m from a cruising vessel, and, of course, to the limit of the
instrument's pressure scale or cable from a drifting vessel.
iii)

Expendable Bathytermographs

A small expendable streamlined weight is cast overboard from a
special launcher and free-falls at a nearly constant rate while spooling
out ·a fine copper wire attached to a recorder aboard the ship. A point
thermistor on the tip of the weight senses temperature and transmits its
readings to an automatic recording device which produces a continuous
trace of temperature versus depth from the surface downward. It is accurate
to a fraction of a degree. Popular design depths are 450 m and 750 m, but
deeper probes are also available. There are very easy instruments to
operate, either have to or underway, but they require a small amount of
operator training if highest quality data are to be obtained.
iv)

Other Instruments

Other instruments, such as Nansen bottles with reversing thermometers, in situ Conductivity - Temperature - Depth, or Salinity - Temperature Depth recording devices, or over the side current meters would be of unquestionable value in providing oceanographic data for the Basic Oceanographic
Programme, however, these instruments cannot be regarded as simple. They
require specially trained observers. However, should such instruments and
suitable operators be available, then they should by all means be regarded
as potential contributors to the Basic Oceanographic Programme. CTD, STD,
and over the side current meter readings would be of particular value in and
around the equator itself (2°S to 2°N) and near boundary currents such as
the Humboldt, Somali or Guinea Currents (See paragraph 4.5.2.2).
Surface Currents Estimated from Navigation
Surface currents estimated as the difference between dead-reckoned
and actual course cruise paths are extremely valuable data, and should be
recorded by ships officers. These data should be submitted in delayed mode
together with other oceanographic data as described in chapter therein.
Bathymetric Measurement
The collection of high quality bathymetric data while underway in
depths greater than 200 metres is also recommended from all FGGE vessels
possessing both a precision depth recorder and a satellite navigation system.
General methods are given in volume 7 of reference 25.
Location and Times of Measurement
Co-ordination with SCOR Working Group 47
The most useful measurement schedule for Basic Oceanographic
Programme ships would be one individually designed for each ship's capabilities and availabilities and well-integrated with the other more specialized
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oceanographic measurement programmes. Such schedules could be designed if
BOP participants were to make firm liaison with FGGE scientists from an
oceanographic institution working in the nearby area and/or willing to help
with analyses and interpretation of data obtained by BOP ships (see Appendix B).
BOP participants seeking aid in making contact with FGGE oceanographers in or
order to form such liaisons should request assistance from any of the SOOR
Working Group 47 Members listed below:
Professor H. Stammel
Chairman, SCOR WG 47
Woods Hole Oceanographic Institution
Woods Hole, MA; 02543

Dr. Ph. Hisard*
Chairman, Atlantic Ocean Panel WG 47
c.R.o. - ORSTOM
B.P. V18
Abidjan
Ivory Coast

Dr. J. Swallow
Chairman, Indian Ocean Panel WG 47
Institute of Oceanographic Sciences
Wormley, Godalming
Surrey GU8 5UB
England

Professor B. Taft
Chairman, Pacific Ocean Panel WG 47
Department of Oceanography
University of Washington
Seattle, Washington 98195

u.s.A.

u.s.A.

Dr. w. Simmons
Secretary, SCOR WG 47
FGGE Operations Centre
C.P. No. 5
CH-1211 Geneva 20
Switzerland
If contact with SCOR is not possible, the following schedule is
suggested:
Ships principally in transit during the FGGE
Ships which will be principally in transit during the FGGE year,
such as merchantmen, tankers, and some military vessels can make valuable
contributions by recording sea surface and sub-surface temperature data
(~ ghrough the use of bucket temperature and expendable bathythermograph
(XBT) measurements). In general it is recommended that observations be
made four times a day; but any sea temperature data, particularly subsurface data, are still valuable. Because there are a number of IGOSS
oceanographic products which will be prep~red in real time, as listed
in Table la, it is desirable to have all data transmitted as BATHY/TESAC
reports to a Coastal Radio Station. However, since a number of IGOSS
products listed in Table Ia are being prepared in a delayed mode, procedures have been developed for sending the data through the mail after the
ship's return to port (see chapter 4). IGOSS guidelines for observation and
reporting procedures, as found in references 26 and 27, are available upon
request from IOC and WMO.
*After September 1979 use Antenne ORSTOM, c.o.B., B.P. 337, 29273 Brest CEDEX,
France.
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Ships working in relatively fixed mode in or around the equator
Some TWOS and certain merchant or military ships will be obtaining
data principally from occupied stations, or from within the boundaries of a
confined area. There ships should, as a very minimum, obtain and transmit
BOP data according to !GOSS nonns (see references 26 and 27). If these norms
can be exceeded, the following guidance is offered.
In general, BOP data obtained in the fonn of time series at a
fixed location can provide valuable information about the frequency, amplitude, and phase of large scale waves or wave-like phenomena propagating
through the region, provided that sufficient observations are taken to
overcome the aliasing resulting from simultaneous smaller-scale higher
frequency phenomena. This procedure is recommended in regions near the
equator (5°N to 5°S), with observations repeated at least every three hours,
and more frequently if possible.
Outside the zone 5°S to 5°N, fixed position time series may be
dominated by short period internal wave signals and are therefore of
limited utility. Ships in these regions should consider an operational
mode of steaming in a regular pattern taking observations underway,
within limits consistent with requirements of their principal mission.
Such measurements would provide infonnation on the spatial structure of
local fluctuations. It is recommended that such measurements be repeated
at least every 30 km. while underway.
Since most tropical oceanic behaviour, aMay from continents,
is strongly zonal, (i.e. east-west), meridional sections provide useful
descriptions of its characteristics. It is known that there is a significant
time dependence, even on scales as short as a few days for the larger scale
features. Thus trans-equatorial sections at, or nearly at, the same location
and repeated on the order of days to weeks are not in general redundant. On
the contrary, they provide useful additional information, particularly when
combined with sections from other vessels in the area. Ready opportunities
for these may arise while steaming to and from station, and before and after
SOP's, and they are recommended (3°S to 5°N are rough guidelines for latitudinal extent, and about 30 km spacing between observations).
In tropical oceans, currents are strong and vary importantly in
time and space. Where current measurements are possible serious attention
should be given to making them, particularly in the zone 2•s to 5°N. If
possible, such measurements should be in the form of N-S sections across
the current so as to reveal its spatial structure. Repeated sections are of
even more value. Near-surface currents determined by the difference between
a dead-reckoned and actual course can be of significant value. Measurements
with current meters operated over the side to a few hundred meters depth or
more are of course recommended, if such instrumentation is available.
Within -500 km of coastlines, these measurements should be made
perpendicular to the coastline rather than north-south.
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2.3.3

!,DOE Programmes

The International Decade of Ocean Exploration (IDOE) is the acceleration phase of the Long-tenn and Expanded Programme of Oceanic Exploration
and Research (LEPOR). As a matter of high priority, IDOE has selected as two
of the programme areas £or early study: ocean research relevant to environmental forecasting, and coastal upwelling ecosystems analysis. Investigation in
both of these programme areas, because of their treatment of the atmosphere
ocean fluid system as a whole will provide support to, as well as receive
benefit from, the FGGE. Major IDOE investigations which will be conducted
concurrently with, and are related to, the FGGE are the Joint Air-Sea Interaction
Project (JASIN), the North Pacific Experiment (NORPAX), the Tropical Pacific
Experiment (TROPAX), the Coastal Upwelling Ecosystems Analysis (CUEA), and
POLYMODE.
The Joint Air Sea Interaction Project (JASIN), a component part of
GARP, has been composed of a series of intensive month-long studies of the
atmospheric and oceanic boundary layers over an area roughly 150 km across
located in the eastern North Atlantic. The experiment has employed highly
instrumented research ships and aircraft, balloons, deep sea moorings, and
free floating instruments to make detailed simultaneous observations of both
boundary layers with the intention of relating them to the larger-scale flow
features in which they are embedded.
After a series of preliminary experiments the primary experiment went
into the field in June 1978 with the principal purposes of (i) observing and
distinguishing between the physical processes causing mixing in the atmospheric
and oceanic boundary layers and relating them to the mean properties of the
layers, and (ii) examining and quantifying aspects of the heat and momentum
budgets in the atmospheric and oceanic boundary layers, and the fluxes across
anc between them.
Although JASIN will be completed before the start of FGGE, the results
of the experiment will prove invaluable in helping to interpret direct forcing
and other air-sea transfer aspects of the FGGE data set.
During FGGE, considerable emphasis wi 11 ·be placed by NORPA..X/TROPAX
investigators on the tropical Pacific Ocean taking into account the plans
of the Pacific equatorial panel of SCOR WG 47. As such, this means that a
considerable amount of this research will be directly relatable to ~GGE.
This NORPAX-FGGE relationship will provide: (i) data and information needed
for determination of the ocean surface temperature; (ii) facilities such as
buoys , research vescels and island upper air sounding stations in the tropics
for joint use; and (iii) increased understanding of tropical dynamics and
thermod.ynarriics of the ocean-atmosphere system.
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Another major IDOE programme area which is strongly related to FGGE
is the study "Coastal Upwelling Ecosystems Analysis" which emphasizes investigations of coastal upwelling along, for example, the Guinea, Oregon, and
Somali coasts and, in particular, the Humboldt current-related phenomenon
known as "El Nino". Like NORPAX, El Nino investigations endeavour to treat
the atmosphere-ocean system as a whole. They too will be closely associated
with the Pacific programmes of SCOR WG 47. It has already been recognized
by the Joint Organizing Committee (JOC) for GARP that El Nino manifests itself
as part of the larger atmospheric circulation. The major contribution . of El
Nino investigators during FGGE will be in providing an increased observational
capability in the eastern equatorial and southern Pacific area and increasing
the understanding of "El Nino" as it relates to the equatorial and southern
hemisphere ocean and the general atmospheric circulation.
POLYMODE deals principally with mid-ocean mesoscale eddies. Although
instances of mesoscaleva~iability have been uncovered in all the world's oceans,
systematic studies of eddy distributions have been performed only in the North
Atlantic and North Pacific. During the FGGE, POLYMODE scientists, in conjunction
with SCOR WG 34 scientists (Internal Dynamics of the Ocean) plan to instrument
FGGE and other vessels to make closely-spaced XBT sections in an e££ert to
increase the geographic distribution of eddy data. This endeavour will also
benefit the FGGE oceanographic programme, particularly when measurements are
made in the tropical and Southern Oceans. NORPAX/TROPAX scientists plan similar
programmes and, although with lesser intensity, similar programmes will be
conducted in the Indian and Atlantic tropical oceans.
2.4

FGGE Regional Prog:rammes of interest to Oceanographers

Three GARP Sub-programmes are of interest during the Global Experiment
Years - WAMEX, MONEX and POLEX. All three have oceanographic components of
varying magnitudes and emphasis. The co-ordination of these oceanographic
activities with other FGGE oceanographic components will be accomplished
primarily through the GARP Activities Office.
Th~!_!frican Monsoon Experime.n t (WAMEX)

The West African Monsoon Experiment (reference 17) is an experiment
that will be mounted by countries in that region (10°8 to 25°N, and 25°W to 25°E)
to take advantage of the enhanced global data coverage during the FGGE. It
will also contribute data to the tropical network required to meet FGGE requirements. The analysis will be undertaken by considering the monsoon phenomenon
as a whole, as defined by the planetary, regional and sub-regional scales.
The scientific objectives of WAMEX are to:
(i)
(ii)
(iii)

clarify the three-dimensional structure of the West African
Monsoon;
understand the physical mechanism which generates and maintains
the monsoon;
utilize the data for innnediate practical application.
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Studies of the monsoon on a planetary scale can be carried out
throughout the year on the basis of the observing network that is to operate
during the FGGE. More precise analysis can be undertaken both during Special
Observing Period II (May-June 1979) and in the monsoon intensive months of
July and August 1979. Studies of the regional scale elements of the monsoon
can be carried out on the basis of an augmented surface-based observing
system during both Special Observing Periods (January-February, and May-June,
1979). Sub-regional scale studies will be carried out on the basis of
specialized projects. Further details on WAMEX are available in n° 21 of the
GARP Publication Series listed in Annex 5.
The Monsoon Experiment (MONE!)
MONEX is designed to observe and understand comprehensively the
regional and seasonal perturbation of the Asian monsoon and its effect on
the global atmospheric circulation.· MONEX will be carried out simultaneously
with the FGGE so that the primary large-scale data requirements will be
satisfied by the FGGE observations.
The basic strategy for MONEX is to provide an adequate observational
network in the general Asian monsoon area (30°S to ,50°N, and 20°w to 180°E) and
to have more detailed .observations over areas _such as the West Arabian Sea, North
Bay of Bengal, South China Sea, South-east Asia and the African Continent.
MONEX will include regional aspects such as the winter monsoon, the summer
monsoon, orographic effects and oceanographic factors (particularly the cooling
of the mixed layer in the Arabian Sea and its relationship to current and
upwelling systems to the west). Special emphasis will be given to obtaining
observations of sea-surface temperature, vertical wind structure (especially
in the equatorial zone), quantitative measurements of precipitatfon over the
oceans and land areas and observations of snow cover.
Since the observing systems for MONEX will include many components
dedicated to FGGE, close co-operation, co-ordination and integration with
FGGE is required. This will be done through the FGGE Operations Centre of
the GARP Activities Office (GAO) in the WMO Secretariat and the MONEX
Management Centres in New Delhi and Kuala Lumpur. MONEX operations will
begin earlier than the FGGE Special Observing Period I (SOP-I), i.e. the
month of December 1978, and extend later than SOP-II, i.e., July/August 1979.
It is likely, depending on the_ weather developments, that certain "intensive
observing periods" will be selected during which the frequency of observations
(including atmospheric soundings) by all observing systems will be enhanced.
Further details regarding the MONEX planning activity are available
in the Report of the Fourth Planning Meeting on MONEX (reference 18).
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The Pol~Experiment (POLEX)
POLEX is an experiment within the GARP Polar Sub-programme and is
mainly directed toward the first GARP objective. It will be carried out
simultaneously with the First GARF Global Experiment and will address in order
of priority:
(i) the FGGE requirements
(a) improvement of the basic FGGE data set in polar regions
(b) provision of calibration and ground truth for satellite
measurements in polar regions
(c) assistance in modelling high latitude processes for the
FGGE;
(ii) The FGGE climate data set requirements
(a) specification and collection of data for the FGGE climate
data research set in polar regions
(b) modelling studies on the role of ice in climate dynamics.
Much of the required data will be obtained outside the context of
GARF, i.e. through on-going or planned national and internationally sponsored
programmes in the polar regions. A few additional specific observations in
Arctic and Antarctic regions will be required to fill certain critical needs
for data to meet the FGGE network requirements and scientific objectives.
The international co-ordination and management of FOLEX will be carried out
within t he framework of the overf;ll FGGE planning and co-ordination. Certain
aspects of POLEX wi ll benefit from being carried out during the FGGE in that
the enhanced global data. coverage will permit a better understanding of
regional processes in the global context, e.g. parameterization of sea ice
dynamics and related oceanic and atmospheric processes, arctic stratus,
katabatic winds, etc.
Further details regarding the POLEX planning activity are available
in reference 19.
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3.

INTERNATIONAL SUPPORT 'ID THE OCEANOGRAPHIC COMPONENTS OF THE FGGE

Three international bodies are principally concerned with the development of the oceanographic components of the FGGE as discussed in Section 2.
These are the World Meteorological Organization (WMO) through (i) the GARP
Activities Office (GAO), (ii) FGGE Operations Centre, and (iii) the World
Weather Watch; the Intergovernmental Oceano&"I'aphic Commission (IOC); and the
International Council of Scientific Unions \ICSU) through its Scientific
Committee on Oceanic Research (SCOR). These bodies work together to stimulate,
develop scientifically, implement, support the field activities of, provide
data management for, and co-ordinate the scientific reporting on the oceanographic aspects of the FGGE. Specific activities are discussed below.
3.1

World Meteorological Organization (WMO)

Principal responsibility · for overall FGGE organization rests jointly
with WMO and ICSU. The WMO is chiefly responsible for the development, management, implementation and operation of the FGGE as a whole (see Annex 3).
ICSU is chiefly responsible for scientific guidance and planning. The World
Weather Watch, which is the foundation of the basic observing system for the
FGGE, is the direct responsibility of the Wl-10. Operational monitoring and
direction of the field activities are the direct responsibilities of the FGGE
Operations Centre, located at WMO Headquarters, Geneva.
3.2

Intergovernmental Oceanographic Commission

The main function of _IOC is to promote scientific investigation with
a view to learning more about the nature and resources of the ocean through
the concerted action of its Members. The major responsibility of IOC with
regard to FGGE is to assist with intergovernmental co-ordination in the
implementation of international -oceanographic programmes.
Beyond its joint responsibility for IGOSS, as mentioned in Section
2.1.2, and its role in co-ordination of and assistance with international
aspects of IDOE programmes (Section 2.3.3), the IOC shares with WMO in the
principal responsibility for various aspects of the oceanographic programmes
as outlined in Section 3.3
3.3

WMO(GAO)/IOC Activities in support of Oceanographic Programmes
during the FGGE

The activities listed below, which are required for the smooth
conduct of the overall oceanographic programme during the FGGE, are being
pursued jointly by staff members of: (i) the GARP Activities Office and FGGE
Operations Centre of the World Meteorological Organization, and (ii) the
Intergovernmental Oceanographic Commission.
Activities
i.
ii.
iii.

Development and co-ordination of FGGE Ship and Tropical Wind
Observing Programme information.
Facilitation of clearances to perform FGGE oceanographic research
in waters under national jurisdiction.
Liaison with SCOR Working Group 47
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iv.
v.
vi.
vii.
viii.
ix.

x.

Oceanographic Data Management.
Liaison with regional experiments and scientific groups that may
interface with the FGGE.
Liaison with other experiments which may bear on the FGGE
Preparations of an Implementation/Operations Plan, "The Oceanographic
Programme for the FGGE".
Preparation of an Implementation/Operations Plan "Tropical Wind
Observing Ships and other FGGE Ship Operations".
Preparation of a general FGGE Oceanographic Programme descriptive
document ~o be published within the GARP Publication Series and as
an IOC information docwnent.
Operational assistance during the field programme through the
FGGE Operations Centre.

xi.

Periodic reporting on the Status of the Oceanographic Programme.

xii.

Provision of assistance in the development and maintenance of a
FGGE Oceanographic Data Inventory.

xiii.
xiv.

3.4

Preparation for a smooth transition t
and reporting stage.

1)

the scientific analysis

International support for special data products (i.e. listings,
atlases, maps, etc.) that may be required.
Scientific Committee on Oceanic Research (SCOR)

A major responsibility of SCOR is to stimulate and co-ordinate international interest in, and provide expert recormnendations and advice on ocean
phenomenological and process-oriented science. SCOR is organized by Working
Groups and Committees which have specific interests and terms of reference.
The main SCOR working group concerned with the FGGE is Working Group 47
(Oceanographic Programmes during FGGE, discussed in Section 2.3.1), the terms
of reference of which are:
(i)

to develop plans for comprehensive oceanographic programmes
associated with the FGGE; and

(ii)

to advise appropriate international and national bodies on
the implementation of such programmes.

Several other SCOR working groups and committees are involved in progranmes relevant to the FGGE. These include:
SCOR Working Group 34 - Internal Dynamics of the Ocean
SCOR Working Group 43 - Oceanography related to GATE
SCOR Working Group 48 - 'lhe Influence of the Ocean on Climate
SCOR Working Group 49 - Mathematical Modelling of Oceanic Processes
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- SCOR Working Group 55 - Prediction of El Nino
- SCOR Working Group 56 - Equatorial Upwelling Processes
Interdisciplinary Committee on Climatic Changes and the Ocean

3.5

International Planning and Management of the FGGE

The World Meteorological Organization (WMO), together with the International Council of Scientific Unions (!CSU), has organized the FGGE as part
of the Global Atmospheric Research Programme (GARP).
.
The overall operational management mechanism for the Global Weather
Experiment has been developed by the Secretary-General of WMO. The components
and their functions are summarized in Annex 3. In addition, management contact
points for information on oceanographic activities during the ~GGE are summarized
in Annex 1.
The focal point for international operational management during the
f iel d phases of the FGGE will be the FGGE Operations Centre, located in WMO
Headquarters, Geneva, Switzerland.

3. 6

Assistance Programmes

The measurements of the global oceans and atmosphere needed for t he
success of the FGGE require that there be a significant participation by al l
t he nations of the world, both developing and developed. Participation by
developing countries should contribute significantly to the operational and
dat a analysis phases. Such activities are facilitated by programmes of
training, education, assistance and technology transfer. Three programme s
within WMO and IOC are available to provide aid in this regard:
i.

The Voluntary Assistance Programme of IOC;

ii.

The Voluntary Assistance Programme of WMO;

iii.

Training, Education and Mutual Assistance in the marine sciences
(TEMA) of roe.

Many ships operating during the FGGE may be willing and potentially
capable of providing oceanographic measurements such as described in the Basic
Oceanographic Programme (i 2.3.2), but will be unable to do so unless assistance
can be offered. This assistance might take the form of provision of XBT probes
and supporting equipment, including the launching and data recorder devices, or
the assistance may talce the form of training required to use such equipment.
If su~h assistance is required, requests for it may be made through official
national channels to the Voluntary Assistance Programmes of IOC and WMO. Such
requests will be considered on the basis of programmatic priorities and funds
available. Due to the short time remaining before the Global Experiment begins,
the IOC is seeking all feasible ways of facilitating such requests so that in
the event of their acceptance, the needed assistance can be provided within the
required time framework.
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4.

OCEANOGRAPHIC DATA COLLECTED DURING THE FGGE

This section describes briefly the oceanographic data anticipated in the
FGGE, and reviews the methods by which the data will be managed. The oceanographic data sources anticipated during the FGGE are summarized in Table II.
More specific information on the data collected by each component of the FGGE
and on all other aspects of the experiment is available in a comprehensive
16 volume series entitled "Implementation/Operations Plan for the FGGE"
(reference25), available through the FOGE Operations Centre. Overall FGGE
Data Management is treated in Volume 3 of the Series.

4.1

FGGE

Oce~nographic

Data Sources

Anticipated oceanographic data sources are listed in Table II below
according to the programmatic origin of the data, the approximate number of
observation platforms involved, the number of data reports expected, the type
of ocean parameters observed, and the geographical areas in which the observations are expected to be made. Oceanographic data requirements for the
FGGE are relatively uncomplicated (Section 1.3). However, the global
nature of the Experiment requires that all major oceanographic data sources
be exploited in concert.

4.2

FGGE Ocean Data Management

Provisions for reporting, editing, exchanging and archiving data from
each of the data sources in Table II exist within ~he framework of the FGGE
data management. The data from each source identified in Table II flow in
different amounts and types, with different pre-processing, and with different
permissible delay times, to the FGGE data centres.
A brief overview, schematically shown in Figures 8 and 9, is presented
below. (A FGGE Data Management Flow chart for all types of FGGE data, a
definition of the FGGE data levels I, II and III, and a complete flow chart
for oceanographic data in the FGGE can be found in Annex 2 to this document).
Detailed plans of the flow of these data can be found in Reference 25,
especially Volume 3.
Figure 8 depicts the main elements involved in the ~nagement of FGGE
ocean data. There are three basic types of ocean data which are distinguishable primarily by the interval between the time of their observation and
the time they are available to FGGE data collection centres. These time
intervals, or data availability times are roughly: less than 24 hours; between
24 hours and about 3 months; and greater than 3 months. The data sources listed
in Table I provide data for each of these three categories. The relative amount
of data in each delay category from each of the data sources in Table II can be
approximated as shown in Table III.

TABLE Ii
H
SlJ 0

'"Cl

Oceanographic Data Sources for the FUGE
-

Sources

Bo. of observational
platforms (no. of
reports per given
time period)

Ocean Parameters Observed

1,000

Sea surface temperature,
sea state, sea surface
waves, surface current
(ships' draft)

Global

Same as VOS above, plus
vertical temperature,
salinity and current
profiles surface to
depth

6 specific locations

Sea surf ace temperature

0
50°N to so s geostationary

Sea surface temperature

00 · to 900 polar
orbiting (global)

Temperature, salinity
and current profiles

Global

Sea surface temperature,
sea ice coverage, wave
height, surface winds,
rain rate.

Global

Geographical Location

(approximately
35,000 ship/reports
month)

- Ocean Weather
Statians

6

(approrimatel) 850
reports/month

- Satellites
ae-.tation8:f7

5

Orbital

4
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10,000 temperature
values per day)
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Operational Programe

.

Research satellites
(BDUIJS G)

1
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2

~

.

I

w

~
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- ·
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\J1
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World Weather Watch 1lllO
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Ships (VOS)
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H

TA.lLE II (continued)

Sl?!cial m<JE
Systems

Observi~

Tropical Wind Observing
57
Ships (including those
~approximatel)4,0CXJ
reports/month
participating in SCOR
WG47 oceanographic
programmes)
Southern Hemisphere
300
(approximately 1,8.0 0
Drifting Bu.oy Proreports/day during
gramme.
SOPs)
Other oceano~aphic
research
Oceanographic research
programmes during FUGE
as identified by SCOR
WG47 (including some
tropical wind observing ships)
On-going research programmes such as NORPAX,
CUEA., rsos, FOLYMODE
Other ocean research
Related G.ARP Subprogrammes
W.AMEX, MONEX, FOLEX

Oceanographic
vations, from
Oceanographic
Oceanographic
for the PUCE,

obseithe Basic
Programme,
Programme
etc.

Sea surface temperature,
some qualitative surface
current information,

Tropical ocean 10°N
to 10°S

Southern oceans 200 S
to 65°s (approx.
1,000 km resolution)

surf ace pressure

40
{approximatel) 2,500
reports/month

VOS parameters, temperature, salinity,
current - profiles, time
series, discrete samples

Primarily tropical
ocean areas lO°N to
10°s of the entire
globe

Various

Same as above

Specific regional
areas

Various

Same as above
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Various

Various

Specific regional
areas
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H
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~
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ni 0
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U.K.
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~~
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~~

U.S.S.R.

I
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~
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and geostationary satellite data producers

~ r 9r
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\
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Data available within
operational time
(approximately 24 hrs)

Data available within
3 months of observation

I

Data available later
than 3 months after
observation

Normal delay from
observation time
within 2 months

GTS
main flow
Specialized
Oceanographic
Data Centre
{near real time
mode)

IODE Procedures
{see Annex 2,fig.
3 for details)

G

'--~~~-

~~n.p.ut;w.a~I:U:"¥-..I......L..wil~

Specialized Oceanographic
Data Centre
{delayed mode - IIb)

USA

National Meteorological
Centres(NMC) as archives

World Meteorological
Centres{WMC) as
inventories

Level IIb Space- ased
and Special Observing
System Data Centre
SWEDEN

RNODC for FGGE
operational year
USA
level IIc

level Ila
World Data Centres
(Meteorology)

Figure 9.

World Data Centres
{Meteorology)

World Data Centre
for Oceanography

Conceptual Management Flow Diagram for Oceanographic Data
collected during the FGGE
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4.2.1

Near-real-time BATHY data (Level II-a)

Oceanographic data available to the real-time FGGE data collection
centres, Oceanogra.phic Data Processing Centres (OPC) and National Meteorological Centres (mrc), will be collected primarily through the Global
Telecommunication System (GTS) of the World Weather Watch. The corrununicatio·n
system required for the transmission and exchange of these data is composed
of the following three stages:
i.

ii.

iii.

from ship or other observational platform to coastal radio
station (either by direct link or through satellite) as
discussed in references 26 and 27.
from coastal radio station to an appropriate GTS centre
(usually a national meteorological centre)
for insertion onto the GTS
over the GTS, from a GTS centre to other National Oceanographic
and Meteorological Centres and subsequent insertion in the
FGGE level II-a data set.

Figure 9 shows that real-time oceanographic data are also provided
through the GTS, and subsequently are provided to the Specialized Oceanographic Data Centres of the Federal Republic of Germany, and the United
States of America (see also Annex 2, figure A2).

4.2.2

Delayed Mode Data (Level II-b)

As shown in Table III, not all the oceanographic data collected during
the FGGE will be available during the first 24 hours after observation. In
view of this fact, a more complete delayed FGGE data set, called II-b, will
be constructed. Data in this category will be sent to the Specialized Oceanographic Data Centre in the USA. This data centre will format the data for
suitable insertion in the FGGE level II-b Data Collection and Processing Scheme,
as shown in Figure 9 for ocean data only. In addition, delayed mode data
handling centres will be provided for data from the Tropical Wind Observing
Ships, the polar orbiting and geostationary satellites of WWW, Experimental
Satellites and FGGE drifting buoys (see also Annex 2, figureA2).

4.2.3

Oceano

aphic Data for climatic investigations collected in a delayed
II-c)---

~_!~el

A significant portion of the FGGE oceanographic data cannot possibly
be included in either the II-a or II-b data sets because of the time cut-offs.
In view of the desirability for a complete and unified set of oceanographic
data collected during the FGGE year for (i) oceanographic research purposes;
and (ii) as a preliminary oceanographic climate data set, it is planned that
all non-real-time oceanographic data will be inventoried and archived in a
Responsible National Oceanographic Data Centre (RNODC) located in the Environmental Data and Information Service (EDIS/NOAA) in the u.s.A. This centre will
work in direct collaboration with the Bureau National des Donnees Oceanologiques,
OOB, France, which will concentrate on FGGE data from the Atlantic, and liaison
with European participants. The USA centre will act as a focal point to accept
all oceanographic data observed during the FGGE operational year. Data will be
accepted until about June 1981, submitted through the existing International
Oceanographic Data Exchange (IODE) network (references 27 and 28), modified as
necessary for the accelerated FGGE time frame (see volume 7 of reference 25).
These will be combined with the II-a and II-b data sets.
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TABLE III
Da..ta

Delay• Category versus Estimated Percentages of data from specifia
: P\lGE Ocean Data Sources

---

Data Delay Category
Major
Ocean
Data
Sources

Near Realtime
(within 24
hours)

Delayed
mode
(between
24 hours
and 3 months

Datn a\railable
after
3 months

World
Weather
.watch
Voluntary
Observing
Ships

3o%

7rd>

-

90%

10%

-

90%

lrd>

-

I GOSS

5o%

5(}'}6

TWOS +

2<Y/o
90%

8CJ'fo
l~

-

10%

50%

40%

2(1,:b

30%

50%

l<Y/o

20%

70'/o

Ocean Weather
Stations and
Automated
Data Buoys
Satellites

Drifting Buoys
Research Satellites
+
SCOR WG47
Oceanographic
, Programmes
+
Other ocean
research

prograiniilee

~ Delay is defined as the time difference between the time of observa-

tion and the time the data are available. to FGGE data collection
centres.

+ projected

estimates
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This final data set will be archived uniformly at the World Data Centres for
Oceanography, and will be avai ~ able to the world oceanographic community.
These comprehensive data will be comprised principally of physical measurements, but may include, in so far as possible, measurements of certain
chemical and nutrient oceanographic parameters. It is planned that an
updated inventory of oceanographic data taken during the FGGE Operational
Year wiJ l be issued every 6 months beginning July 1979. These inventories
can be obtained directly from the RNODC (see Annex 1 under "Oceanographic
Data Management'').
5.

PARTICIPATION IN OCEANOGRAPHIC ASPECTS OF THE FGGE

This publication provides general information about the oceanographic
components of the FGGE with the intention of informing, and attracting the
participation of, the world's oceanographers before, during or after FGGE.

5.1

Pre-FGGE Activities

Hell before the FGGE Operational Year, oceanographers will have made
their individual plans to participa.te, either directly or by planning to use
the collected data, atmospheric or oceanographic, to supplement their particular programmes of interest. Much of this work has been co-ordinated by
SCOR Working Group 47, the Intergovernmental Oceanographic Commission or the
World Meteorological Organization. In order to compile a comprehensive list
of oceanographic activities planned during the FGGE year, it is requested that
descriptions of programmes of interest to the FGGE, but developed independently of this co-ordination, be forwarded to the FGGE Operations Centre at
WMO or to the Intergovernmental Oceanographic Commission (see Annex 1).
It is suggested that when planning oceanographic activities for
the Experiment, high priority be given to:

(i) maximization of the number of days of oceanographic research
vessel operations in the area 10°N to 10°S throughout the
Operational Year 1 December 1978 to 30 November 1979 and,
especially during the SOPs 5 January - 5 March and 1 May 30 June 197 9;
(ii) Interacti0n and co· ~ordination with appropriate representatives
of SCOR WG 47 (see§ 2.3.2.), IOC or WMO. Environmental
parameters of special importance to the Global Experiment are:
- sea surface temperature;
- vertical ocean structure of temperature, salinity and
current in the upper 200 metres, or deeper if possible;
time-dependent character of intense ocean currents,
particularly in the tropics;
- those noted in § 2.3.2.
(iii) concentration of oceanographic investigations in the Equatorial,
Southern and Indian Ocean Monsoon regions during late 1g-{8 and
calendar year 1979;
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(iv) emphasis on ocean process-oriented studies which are directly
related to atmospheric forcing;
(v) maximization of the number of sub-surface ocean observations
coded and transmitted in real-time or delayed mode, as part
of the IGOSS BATHY/TESAC operational programme;
(vi) provision to involve scientists and students from developing
countries in all aspects of the oceanographic research
programmes.

5.2

Activities during the FGGE Year

It is generally acknowledged that good oceanographic observations are
sufficiently difficult and expensive to acquire that it is essential they
be made available to all oceanographers worldwide. Consequently in addition
to the specific FGGE activities requiring oceanographic participation (as
listed in Section 5.1) an important additional oceanographic activity during
the FGGE year is to assure that all collected ocean data are reported as
appropriate, in either real- or non-real-time, via IGOSS, World Weather
Watch prograrmnes, or sent promptly to the nearest National Oceanographic
Data Centre as part of the normal data exchange mechanism ordinarily
co-ordinated by the International Oceanographic Data Exchange (IODE)
programme (References 14, 22 and 28) as modified for the FGGE. It is
emphasized that, even though a particular oceanographic data set may be
collected for specific purposes thought to be unrelated to the Global
Experimentt these data should still be brought to the attention of the
RNODC (USA) for possible inclusion in the FGGE data set.

5.3

Poat FGGE Activities

After the observational phase of the FGGE, oceanographers and
meteorologists alike will focus their attentions on research and applications.
Conferences, symposia and workshops devoted to the FGGE research will be
initiated beginning, probably, in the first or second quarter of 1980.
During this post-FGGE period, the geographical and environmental
scientists of the world will begin to focus on new experiments and data
collecting exereises. The most notable of these efforts will probably be
directed toward the general problem of understanding the processes which
control world climate and, in particular, understanding the role of the
oceans in world climate. Initial indications suggest the need for largescale long-term experimentation requiring, as in FGGE, an international
pool of resources. Interested scientists are invited to participate in the
planning and to make their intentions known to IOC and to WMO representatives (see Annex 1).
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ANNEX

1

COMMUNICATIONS PIRECTORY
FOR OCEANOGRAPHIC ASPECTS OF THE FGGE

FGGE OPERATIONS CENTRE
Dr. J. Rasmussen ····--··········-··-··-········-··
Dr. E. Jatila ..............................................

Dr. W. Sinunons ········--··-··--····-··-····---··
Dr. V. Savtchenko ......................................
Mr. R. Shaller ---····--····-..····-··-········-··
Mr. W. Murray ··-·····-····-········-·-··········-··

World Meteorological Organization
Case Postale No. 5
CH-1211 -Geneva 20
SWitzerland

Manager
Navaid, Buoys
Ship operations, Oceanography
Data Management
Navaid Logistics
Aircra£t, Balloons, data management

Telex:
Cable:
Telephone:

23260 OMM CH
METEOMOND GENEVE
34c..64-00

GARP ACTIVITIES OFFICE
Pro£essor B.R. D66s ..................................

Director

See also:

FGGE Operations Centre, MONEX, WAMEX,
PO LEX

World Meteorological Organization
Case Postale No. 5
CH-1211 Geneva 20
Switzerland

Telex:
Cable:
Telephone:

23260a OMM CH
METEOMOND GENEVE
34-64-00

INTERGOVERNMENTAL OCEANOGRAPHIC
COMMISSION (1oc)
Mr. D.P.D. Scott

Secretary IOC

Dr. A. Tolkachev

Assistant Secretary IOC £or
Ocean Services

Mr. G.w. Withee ..........................................

IOC Oceanographic Co-ordinator
for FGGE

Intergovernmental Oceanographic
Conunission
Unesco
Place de Fontenoy
75700 Paris
France

Telex:
Cable:
Telephone:

204461 Paris
UNESCO PARIS
577-16-10
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WORLD WEATHER WATCH (WW)
Dr. -G. K. Weiss
World Meteorological Organization
Case Postale No. 5
CH-1211 Geneva 20
Switzerland

Director, WWW
Telex:
Cable:
Telephone:

23260a OMM CH
METEOMOND GENEVE
34-60-00

INTEGRATED GLOBAL OCEAN STATION SYSTEM
WORKING COMMITTEE FOR IGOSS (IGOSS)
Dr. G.X. Weiss ..........................................

Director, Weather Watch

Address etc ••/see above)
and
Dr. A. Tolkachev ............•.•.........•.•.............

Address etc/see IOC

Assistant Secretary for Ocean Services,
Intergovernmental Oceanographic ·
Commission

INTERNATIONAL COUNCIL OF
SCIENTIFIC UNIONS (1csu)
Mr. F.W.G. Baker
!CSU Secretariat
51, Bd. de Montmorency
75016 Paris
France

Telex
Cable:
Telephone:

!CSU 630553
ICSU Paris 016
527-77-02

Telex:
Cable:
Telephone:

London 917-876
LONROYSOC LONDON
01-839-5561

SCIENTIFIC COMMITTEE ON
OCEANIC RESEARCH (SCOR)
Mr. G.E. Hemmen
The Royal Society
6 Carlton House Terrace
London SW1Y 5AG
England

SCOR WG 47
Professor H. Stonunel ············-··············-··
Woods Hole Oceanographic Institution
Woods Hole, MA 02543

u.s.A.

Chainnan
Telex:
Cable:
Telephone:

( 710) 346-6601
OCEANINST WOOH
617-548-1400 ext.2529
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Dr.

w.

Si.nunons

Secretary

Address etc ••/see FGGE Operations
Centre

. *
Dr. Ph. H1sard

Chainnan, Atlantic Ocean Panel

ORS TOM
B.P. V18
Abidjan
Ivory Coast

* after
Antenne
c.o.s.

Sept. 1979 use:
ORSTOM

B.P. 337
Brest, Cedex 29273
France

Telex:
Telephone:

Dr. J. Swallow ..........................................

Chairman, Indian Ocean Panel

Institute of Oceanographic Sciences
Wonnley, Godalming
Surrey GUS 5UB
England

Telex:
Cable:
Telephone:

Professor B. Taft ··-····-··················-······

Chainnan, Pacific Ocean Panel

Department 0£ Oceanography
University of Washington
Seattle, Washington 98195

u.s.A.

Cable:
Telephone:

80-46-50 / 80-21-90

858833 OCEANS G.
OCEANS, WORMLEY, SURREY
042-879-4141

UNWADO
(206) 543-7129

WEST AFRICAN MONSOON EXPERIMENT (WAMEX)
Wamex Scientific Management
'Regional Conuni tt ee ( WSMRC)
Mr.

s.

Mbele-Mbong ..................................

Meteorologie Nationale
33, rue Ivy
B.P. 186
Douala
Republique Unie du Cameroun

Interim Chainnan WSMRC

Cable:
Telephone:

DIRMET-DOUALA
42-53-50 / 42-16-35
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MONSOON EXPERIMENT (MONEX)
(i) -International MONEX Management
Centre, Summer Experiment
Dr. P .K. Das ........................................

." ~ Director

Dr. R. Grossman
India Meteorological Department
Lodi Road
New Delhi 110003
India

Telex:
Cable:
Telephone:

UNDP-ND 2611 New Delhi
(via Mr. H. Kaufman)
METEORS NEW DELHI
618241

(ii) International MONEX Management
Centre, Winter Experiment
Dr. Ho Tong Yuen ••••••••••••••••••••••••••••••••

Director

Dr. M. Yerg
Malaysian Meteorological Service
Jalan Sultan
Petaling Jaya
Selangor
Malaysia

Cable:
Telephone:

METEOR PETALING JAYA
55-14-21 / 55-16-97

POLAR EXPERIMENT (POLEX)
Mr. M. Rubin
Address etc ••/see GARP Activities Office
OCEANOGRAPHIC DATA MANAGEMENT
World Data Centre (A) (Oceanography)
National Oceanographic Data Center
NOAA I EDIS
Washington D.c. 20235

u.s.A.

World Data Centre (B)
3, Molodezhnaya Street
Moscow 117296

u.s.s.R.

Telex
Telephone:

ITTOBSWASH 940108
(202) 634-7500
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Special Oceanographic Data Centres
Dr• Klaus Huber ••••••••••••••••••••••••o•••••••••••••••••

Director FGGF/SODC

Deutsches Hydrographisches Institut
Postf ach 220
2000 Hamburg 4
Federal Republic of Germany

Telex:
Q211291
Telephone: 31-11-21

Commanding Officer
FGGF{'SODC
Fleet Numerical Weather Centre
Monterey, CA 93940

u.s.A.

Attn: FGGF{'SODC
Mr. Paul Stevens

Telephone: (408) 646-2238

!GOSS Res onsible National Oceano ra hie
Data Centres RNODC
(i)

Bureau National de Donnees Oceaniques, CNEXO, B.P. 337
29273 Brest Cedex, France;

(ii)

Japan Oceanographic Data Centre, Hydrographic Department,
Maritime Safety Agency, 3-1, 5-chome, Tsukiji, Chuo-ku, Tokyo 104, Japan;

(iii)

U.S.S.R. Oceanographic Data Centre, 8, ul. Koroleva, Obninsk,
Kaluzhskaya Oblasth, U.S.S.R.;

(iv)

u.s. National Oceanographic Data Centre, National Oceanic and
Atmospheric Administration, Environmental Data and Information
Service, Washington, D.C. 20235, U.S.A.

Res onsible National Oceano ra hie Data Centres for oceano ra hie
data collected durin the FGGE 0 erational Year RNODC-FOY
Director, RNODC-FOY
3300 White haven Street, N.w.
Washington, D.C. 20235

u.s.A.

Telephone: (202) 634-7500
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DEFINITION OF roG E DATA LE,V-J.iLS AND DATA FLOW CHARTS

The out:put of the Experiment should result in a complete and
internally consistent data set of' initial state parameters.
The concept of a
possible data system is based on the recognition that the expected data flow
for the global experimentation programme will be similar to that needed for
operational use.
The general data flow diagram (Figure Al) shows two parallel processing systems - one conducted in real-time by the WMCs, the other in a d~la.y-ed
mode by other groups.
The two modes are equally important parts of the overall FOGE operations, and it is therefore desirable to upgrade the real-time
operations as close as possible to the liUGE requirements. The flow of oceanographic data is diagrammed in Figures A2 to A5.
The following classification of the levels in the FGGE data flow is
used:
Definition of Data Levels
Level I

:

Primary data.
These in general are instrument readings
expressed in appropriate ~sical units and referred to earth
co-ordinates.
EEamples are 1 radiance or positions of constant-level balloons, etc., but not raw telemetry signals.
Level I data still require conversion to the meteorological
parameters specified in the data requirements.

Level II

:

Meteorological :parameters obtained directly from m~ kinds of
simple instruments, or derived from the Level I data {e.g.
average winds from subsequent positions of constant-level
balloons).
These data ma.y- be divided into three categories:

Level III : ;

Level Il-a

data set

I

Data collected through the GTS
with!n-tEe-operational out-off.

Level II-b

data set

••

Global Experiment Research Data Set
;ihich is-d!sti~ished-froiii YI-:.a bY a
deleyed out-off' to acquire a complete
global data set.

Level II-c

data set

:

Initial State Parameters
Internally consistent data sets
obtained from Level II data by applying f'ou.r-d.imensional
assimilation techniques.
Data Set III-a

••

Operational analyses obtained from
Level II -a data..
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Data Set III-b

:

Global Experiment analyses obtained
from Level II-b data.
Level III-b
sets will be produced in non-real.time.

As a result of the real-time data stream the Level II-a and III-a
data sets are produced.
The del~ed mode processing will lead to the establishment of the Level II-b and III-b data sets.

Complete research data sets in delayed time

Data collected in operational time

•

Surface-based systems

•

Aircraft dropsondes

•

Geostationary satellites

•

TWOS

•

Operational polarorbiting satellites

•

Constant-level balloons
(tropical)

Special
observing systems

WWW basic
observing systems

Special
observing systems

WWW basic
observing systems

•

WWW surface-based
system

•

Geostationary satellites

•

Polar-orbiting satellites

•

Aircraft dropsondes

•

TWOS

•

Constant-level balloons
(tropical)

•

Drifting buoys

•

Drifting buoys

•

Special aircraft

•

Special aircraft

•

Research satellites

•

Research satellites

GTS

-- - --- -- - - ----- -- -- - ----- - -,
World Meteorological Centres
Melbourne*, Moscow, Washington
•
•

LEVEL llb
DATA COLLECTION AND PROCESSING SCHEME

Compile I la data sets
Produce I I la data sets

---- ----- - - - ---------WMCs archives
(I la, II la)

GFDL
lllb

ECMWF
lllb

World Data Centres A and B
•
•

Inventories of I la
Fullllb,llla,lllb

t~
X H

I\)

~
I

w
*WMC Melbourne will process a limited data set .

'U
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c.Q

Figure A1 - The overall data-management flow chart during FGGE
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Figure A2 - Flow of Oceanographic Data and Inventories to the RNODC in the U.S.A. During the FGGE Operational Year
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ANNEX 3

IllTEmlATIONAL PLANNING· AND MANAGEMFBT OF THE :KIGE
The World Meteorological. Organization {WMO), along with the International Council of Scientific Unions {ICSU), has organized the roGE as part
of the Global Atmospheric Research Programne (GARP).
The operational management mechanism for the Global Experiment has
been developed by the Secretary-General of WMO.
Its components and functions
ma.;r be SW1111arized as follows:

(i)

WMO Executive CoDDnittee

Makes major decisions regarding the implementaiion of the itJ(]E 1 on
the basis of reconmendations by its Inter-governmental Panel on the FUGE and the
scientific guidance of the Joint Organizing CoD1Dittee (Joe).
(ii)

WMO Executive Co111Dittee Inter-governmental Panel on the FnGE

Acts as the focal point for all activities relating to the detailed
planning and implementation of the Global Experiment, taking into account
advice by the JOO and the JOO Board for the FUGE.
Supervises, on a continuous
basis, the planning and implementation of the FUGE and the regional experiments.
(iii)

WMO/ICSU Joint Organizing Colllllittee

Makes reooumendations regarding the planning of the FUGE and the
regional experiments, particularly with regard to the scientific objectives and
scientific priorities.
Evaluates adequacy of plans in tenns of the scientific
objectives of the Experiment, and reconmends remedial actions when necessary.
(iv)

JOO Board for the liUGE

Acts on behalf of the JOC between sessions of th~ latter.
Evaluates
impacts of deficiencies and advises on the implementation of reserve, contingencr, and emergency plans.
During the Experiment (and particularly during the
SOPs J remains on "alert" status to respond to contingencies.
{v)

World Weather Watch

Conducts real-time and non-real-time monitoring of the Basic Observing System and Telecommunications network as outlined in the Plan for Monitoring
the Operation of the WWW published in Annex XX of the Abridged Final Report of
the Coumission for Basic Systems (CBS) Extraordinary Session, Geneva, 1 - 2
November 1976, WMO Publication llo. 457.
{vi)

Observing system management focal Points

Provides for a single focal point for status information and international operational co-ordination for each component of the composite observing system.
This focal point would be responsible for monitoring the actual
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operational performance of its observing system in terms of performance of
schedule observations and quality of observation {see Annex 1).

{vii)

National focal Points for TWOS

A single point of contact has been established in each country
providing a ship or ships for the Experiment.
The focal point must be able
to provide timely status reports on its nation's ship(s), including prompt
notification of any deviations from scheduled observing plans.
The focal
point should, of course, be able to exercise some degree of operational oo~
trol over its nation's ship(s) in response to requests from the liUGE Operations
Centre. {See Volume 5 A of reference 26)
(viii)

Level II-b Area Sub-centre

These centrea (to be operated by Japan, U.K., U.s.A. and u.s.s.R.)
will collect del~ed-time complete data sets from their areas of responsibility.
They will also monitor the receipt of WWW observations within their areas with
a view to assessing the completeness and quality of the final Level II-b data
sets
{See Annex 2 for definition of ftlGE data -types).
(ix)

Regional Programne Planning and Management Centres

Planning for the regional programmes requires the development of
management centres for various aspects of the field experiments.
These
centres are primarily concerned with the objectives of the individual programmes.
However the observational, communications and data-processing
resources employed in these programmes are also important contributors to the
overall FGGE, and their planning and operation should be co-ordinated closely
with the activities of the Global Experiment {See Annex 1).
(x)

WMO Secretariat

FUGE operations will require the co-ordination of all the various
components that comprise both the F{JGE Composite Observing System and the
FOGE Data Management System.
Within the WMO Secretariat the G.ARP Activities
Office, the World Weather Watch Department, and the Technical Co-operation
Department, each have roles to plC\Y, as followss
a)

GARP Activities Office
The GARP Activities Office (GAO) is directly responsible for the
planning and implementation of WOE a...~d the related regional
experiments.
Operational aspects of the GAO :ro<JE activity are
handled by the ~E Operations Centre which is organized within
the GAO.
The research aspects of MOE as well as the interface
with the regional experiments, MONEX and WAMEX will separately be
the responsibility of the GAO.
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FGGE Operations Centre
The

~E

Operations Centre has the following responsibilities:

- To complete the operational planning of the observing and data
management systems;
- To monitor the performance of the observing Sy-stems as a whole
on the basis of reports from observing systems management focal
points, national points of contact for 'NOS, Level II-b Area
Sub-centres, etc.;
- To inform Members, the scientific community and the public of the
progress of the Experiment;
- To detect problems apparent from the viewpoints of the composite
observing system;

To alert international bodies as required (e.g. JOC Board for the
FGGE, Executive Conmittee Inter-governmental Panel, etc.);
- To devise and initiate corrective actions through various
departments nf the Secretariat and observing systems management
focal points, national points of contact for TWOS, Level II-b
Area Sub-centres, etc.;
- To co-ordinate activities of the regional programmes (MONEX, WAMEX)

within the overall FUGE operation;
- To arrange for international assessment of the Experiment and to

prepare a report on its conduct and experience gained.
The Operations Centre will also develop and co-ordinate the preparation
of status reports and material for review by various bodies (100 ~
inter-governmental Panel on the FUGE, JOC, JOC Board for the FUGE),
which have meetings scheduled to review the :roGE operation, especially
following SOP--I.
b)

World Weather Watch Department
The planning, co-ordination and implementation of the elements of the
WWW Global Observing System, the real-time data acquisition via the
WWW Global Telecommunications System and the FUGE Level II-a and
III-a processing are the responsibility of the World Weather Watch.
In addition, certain possibilities exist within the framework of
the WWW (aos, GTS and GDPS) for operational activity to provide
corrective action where necessary.
This activity comprises monitoring
and corrective actions including maintenance of equipment, supply of
expendables and advice on procedures and operations.
This activity

IOC/INF-351
Annex

3 - page 4
will be the responsibility of the World Weather Watch and Technical
Co-operation Departments with the involvement of the JUGE Operations
Centre in an advisory capacity from the point of view of the overall
FGGE observing system.
Activities will continue throughout all
phases of the ~E.

c)

Technical Co-operation Department
The Technical Co-operation Department will participate in the FtlGE
operations through administration of the Voluntary Assistance Progranme and through co-ordinating assistance to countries to implement
components of the Global Telecanmunications and Global Observing
Systems.
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ACRONYMS
AMTEX

The Air Mass Transformation Experiment

BATHY

(designator for radio message containing sub-surface ocean temperature data - bathythermograph)

BTOP

IGOSS BATHY/TE'SAC Observational Programme

CA.ENEX

The Complete Atmospheric Energetics E!Jcperiment

CUEA

Coastal Upwelling Ecosystems Analysis

EL NtlrO

(meteorological and oceanographic phenomena off the west coast of
South America)

.FUGE

First GARF Global Experiment

FINE

FUGE Index Norpax Equatorial Workshop

GAO

G.ARP Activities Office (WMO)

GARF

Global Atmospheric Research Programme

GATE

GARP Atlantic Tropical Experiment

GCM

General Circulation Model

GDPS

Global Data Processing System (WMO/WWW)

GOS

Global Observing System (WMO/w1:r~1)

GTS

Global Telecormnunications System (WMO/WWW)

IAPSO

International Association for the Physical Sciences of the Ocean

ICSU

International Council of Scientific Unions

IDOE

International Decade of Ocean Exploration

IGOSS

Integrated Global Ocean Station System (Ioc/wr~o)

I11DE<

Indian Ocean Experiment

IOC

Intergovernmental Oceanographic Cormnission

!ODE

International Oceanographic Data Exchange (IOC)

ISOS

International Southern Ocean Studies
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JASIN

Joint Air-Se a Interaction Project

JOC

Joint Organi zing Committee for G.ARP (ICSU-vnao)

J PS

Joint Pl anning Staff

LEPOR

Long-ter m and Expanded Programme of Oceanic Exploration and Research
( roe)

MON EX

Monsoon Experiment

NAVAID

Navigat ional Ai d System
in this paper referring to liUGE and other
upper-air wind finding systems

NMC

National Meteorolog ical Centre

J\lORPAX

North Pacific Experiment

PO LEX

Polar Experiment

SOP

Special Observing Period for :FUGE

SCOR

Scientific Committee on Oceanic Research (ICSU)

STD

Salinity-Temperature-Depth probe

T"EI~1A

Training, Education

IJ:'ESAC

(designator for radio message containing Temperature, Salinity and
Current data)

TROPAX

Tropical Pacific Elcperiment

TWOS

Tropical Wind Observing Ships

VOS

Voluntary Observing Ships

WAMEX

West African Monsoon Experiment

we

Working Committee

WG

Working Group

WMC

World Meteorological Centres

WMO

World Meteorological Organization

and Mutual Assistance in the marine sciences (IOC)

WMO Executive Committee
World Weather Watch (WMO)

IOC/INF-35 1
Annex 5
Annex 5:

LIST OF GARP PUBLICATIONS AND REPORTS*

GARP PUBLICATIONS SERIES
No. 1 An Introduction to GARP
No. 2 COSPAR Working Group VI Report to JOC- Systems Possibilities for an Early GARP Experiment
(out ·of print)
No. 3 The Planning of the First GARP Global Experiment (out of print)
No. 4 The Planning of GARP Tropical Experiments (out of print)
No. 5 Problems of Atmospheric Radiation in GARP
No. 6 Numerical Experimentation Related to GARP
No. 7 The GARP Programme on Numerical Experimentation
No. 8 Parameteriz.ation of Sub-Grid Scale Processes
No. 9 The Basic Data Set Project
No. 10 Methods for the Approximate Solution of Time-Dependent Problems
No. 11 The First GARP Global Experiment - Objectives and Plans
No. 12 The Complete Atmospheric Energetics Experiment (CAENEX)
No. 13 The Air Mass Transformation Experiment (AMTEX)
No. 14 Modelling for the First GARP Global Experiment
No. IS Four-Dimensional Assimilation of Meteorological Observations
No. 16 The Physical Basis of Climate and Oimate Modelling
No. 17 Numerical Methods Used in Atmospheric Models
No. 18 The Monsoon Expenment (MONEX)
No. 19 The Polar Sub-programme
No. 20 Numerical Modelling of the Tropical Atmosphere
No. 21 The West African Monsoon Experiment (WAMEX)

GARP SPECIAL REPORTS
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

1 Report of Planning Conference on GARP- Brussels, March 1970
Report of Interim Planning Group on GARP Tropical Experiment in the Atlantic- London, July 19i0
Report of the First Session of the Tropical Experiment Council - Geneva, February 1971
4 Report of the First Session of the Tropical Experiment Board - Geneva, February 1971
5 Report of the Second Session of the Tropical Experiment Board- Geneva, December 1971
6 Report of the Third Session of the Tropical Experiment Board - Geneva, April 1972 (out of print)
7 Report of the Second Session of the Tropical Experiment Council - Geneva, September 1972
8 Report of the Planning Conference on the First GARP Global Experiment - Geneva, September 1972
9 Report of the Fourth Session of the Tropical Experiment Board - Geneva, March 1973 (out of print)
10 Report on Special Observing Systems for the First GARP Global Experiment - Geneva, February 1973
11 Report of the Fifth Session of the Tropical Experiment Board - Geneva, December 1973
12 Report of the Sixth Session of the Tropical Experiment Board - Geneva, April 1974
13 Report of the Meeting on Drifting Buoys for the First GARP Global Experiment - Geneva, March 1974
14 Report of the First Session of WMO Executive Committee Inter-Governmental Panel on the First GARP
Global Experiment- Geneva, October 1974
No. 15 Report of the Seventh Session of the Tropical Experiment Board - Geneva, February 1975
No. 16 Report of the Meeting of Experts for the Development of a Data Management Plan for the FGGE Washington, April 1975
No. 17 Report of the Second Session of WMO Executive Committee Inter-Governmental Panel on the First
GARP Global Experiment -Geneva, September 1975
No. 18 Report of the Inter-Governmental Planni_ng Meeting for the First GARP Global Experiment- Geneva,
February 1976
No. 19 Report of the Extraordinary Session of WMO Executive Committee Inter-Governmental Panel on the
First GARP Global Experiment- Geneva, February 1976
No. 20 Report of the Eighth Session of the Tropical Experiment Board - Geneva, May 1976
No. 21 Report of the Planning Meeting for the Monsoon-77 Experiment - Colombo, Sri Lanka, May 1976
No . 22 Report of the Third Session of WMO Executive Committee Inter-Governmental Panel on the First GARP
Global Experiment - Geneva, July 1976
No. 23 Report of the First Planning Meeting for the West African Monsoon Experiment (WAMEX)- Dakar,
November-December 1976
No. 24 Report of the Fourth Session of WMO Executive Committee Inter-Governmental Panel en the First
GARP Global Experiment - Geneva, February 1977
No. 25 Report of the Third Planning Meeting for the Monsoon Experiment (MONEX)- New Delhi, FebruaryMarch 1977
No. 26 Report of the Fifth Session of WMO Executive Committee Inter-Governmental Panel on the First GARP
Global Experiment - Geneva, December 1977
No. 27 Report of the Second Planning Meeting for the West African Monsoon Experiment (W AMEX) and
Report of the Preparatory Meeting of the W AMEX Scientific and Management Regional Committee
(WSMRC) - Geneva, October 1977
No. 28 Report of the Fourth Planning Meeting for the Monsoon Experiment (MONEX) - Kuala Lumpur,
February 1978
No . 29 Report of the Sixth Session of WMO Executive Committee Inter-governmental Panel on the First GARP
Global Experiment - Geneva, June 1978
2
3

*By arrangement between ICSU and WMO, these
publications are on sale and copies can be obtained
from the Secretariat of the World Meteorological
Organization, Case postale No. 5, CH-1211 Geneva 20,
Switzerland.

