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FOR E W0 R D
The first Planning Conference on GARP was held in Brussels some two and a
half years ago. Its report constituted in fact the first volume of the joint WMO/
ICSU special reports. Intensive scientific planning activities have since then been
undertaken by the Joint GARP Organizing Committee, whose efforts have inter alia
crystallized into a comprehensive report "The First GARP Global Experiment - Objectives and Plans".
In the meantime, the Sixth World Meteorological Congress (Geneva, April 1971)
authorized the Secretary-General of WMO to convene, in the light of the further progress in planning, a planning conference on the First GARP Global Experiment (FGGE),
at which information on the possible contributions of Members to the observing and
data-processing facilities and the necessary logistic support could be reviewed. The
Executive Committee of ICSU (Ottawa, 1971) agreed that the FGGE would represent an
important step towards improving knowledge of the atmospheric circulation and supported
the proposal to convene a planning conference in 1972.
The decision of the twenty-fourth session of the WMO Executive Committee
(Geneva, May 1972), to hold a planning conference devoted entirely to FGGE then followed, and the session subsequently took place in Geneva, in September 1972. The present
publication contains the report of this conference as transmitted to the SecretariesGeneral of WMO and ICSU by the chairman of the conference, Dr. Alf Nyberg. The report
will be considered in due course by the appropriate bodies of these organizations.
On behalf of WMO and ICSU, I wish to place on record our appreciation of the
support given to the conference by Members and also of the work of the Joint GARP Organizing Committee in planning the FGGE, together with the contribution of individual
scientists and various scientific institutions, all of which ensured the success of
the conference.

---

.:..:-------

(D.A. Davies)
Secretary-General
World Meteorological Organization
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REPORT OF THE CONFERENCE

1.
1.1

ORGANIZATION OF THE SESSION

Opening of the session

The Planning Conference on the First GARP Global Experiment (FGGE) opened
at 10.00 a.m., on 5 September 1972 in the Secretariat of the World Meteorological
Organization in Geneva.
The Secretary-General of WMO, Dr. D. A. Davies, welcomed the participants
to the WMO Building. He said that the convening of the Conference was a source of
satisfaction because it marked another important step forward in the Global Atmospheric Research Programme (GARP). He pointed out that excellent progress had been
made in the planning for the GARP Atlantic Tropical Experiment (GATE) but that
experiment was only a forerunner to the First GARP Global Experiment (FGGE). The
planning conference of the FGGE was therefore of great importance and significance.
Dr. Davies referred briefly to the JOC recommendations for the FGGE given
in the documentation and to the need for WMO to consider its role in the overall
organization and management of the experiment when more was known of its aims and
the resources available. He wished the Conference every success.
Professor Thomas F. Malone, Vice-President of the International Council
of Scientific Unions, replied to the Secretary-General's speech of welcome. He
expressed the delight of ICSU in participati~g in a unique partnership to carry out
one of the bolder and more innovative international scientific programmes of the
twentieth century. In recalling the development of GARP, Professor Malone spoke of
the genesis of the programme in the early 1960's when developments in the theory of
large-scale 6tmospheric dynamics, advances in computer technology and dramatic progress in observational capabilities brought the atmospheric sciences to the threshold
of a new era.
The intervening years had brought subtle changes exerting a profound
influence on the objectives and design of the programme. He cited world concern
over the quality of the human environment, the conviction that the linkage between
the atmosphere and the oceans must be given more attention, and the keen interest
in climatic change, especially inadvertent climate modification. There had been
growing recognition of the role of GARP in advancing our understanding of the
physical basis of climate.
Professor Malone reiterated the ICSU commitment to GARP. He hoped that
excellence would be the keynote of the planning and execution of the programme.
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The delegate from Australia pointed out that the extended effort of FGGE
could mean a serious reduction in other programmes, and that it was important to
avoid inadequacies in FGGE. In particular, it is important to make a correct assessment of requirements and availability of matching resources.
A full list of the participants is given in Annex I to this report.

1.2

Election of chairman

Dr. Alf Nyberg, Director of the Swedish Meteorological and Hydrological
Institute, was unanimously elected chairman of the Conference.

1.3

Approval of the agenda
The approved agenda is given in Annex 11.

1.4

Working arrangements

The conference decided that it would work mainly as a Committee of the
whole, establishing sub-committees later if the comments on some agenda items revealed
such a need.
2.

2.1

REVIEW OF THE GENERAL PLAN FOR THE GLOBAL EXPERIMENT

Presentation of the General Plan of the FGGE

Professor Stewart, Chairman of JOG, introduced this discussion by remind.
ing the group of the origins of the idea, which stemmed from the technological
advances in the early 1960's that made it seem possible to observe the atmosphere on
a global basis, and the scientific advances in numerical modelling that made it
possible to simulate the motion of the atmosphere using the global observations and
very fast high-capacity electronic computers. The combination of these two factors
stimulated the concept of a global experiment to increase understanding of the
physical process responsible for the large-scale features of the atmosphere's behaviour.
Professor Smagorinsky reviewed the status of numerical model work, showing
the relationship between the spectral distribution of atmospheric processes, their
scale of action and their time scale of predictability, and showed the domain of the.
large-scale numerical models·. Large-scale processes are included explicitly in the
models, but processes of scales smaller than grid size must be included by techniques
known as parameterization. The GARP Programme of Numerical Experimentation has been
organized to study these smaller scale processes to develop suitable means to parameterize them in the global models. Numerical experimentation has also been used,
Professor Smagorinsky explained, to carry out studies of the possible kinds of
observing systems and how their data will meet the scientific requirements of the
FGGE.
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Professor Morel then described the basic design conditions that entered
into the JOG proposals for the FGGE observing system, making as much use as possible
of the WWW surface-based conventional networks, and also of the operational satellites being planned for WWW. These efforts, however, leave some gaps in the observing
system, which can be filled by some special efforts. For example, the two prototype
or pre-operational geostationary satellites being planned by ESRO and Japan respectively, and special programmes to obtain wind, temperature and reference. pressure
observations in the Southern Hemisphere using balloons and buoys, and vertical wind
profiles in the tropics to supplement the WWW network and the two-level wind fields
that will be derived from cloud images from geostationary satellites. Professor Morel
also described the plan for the collection, transmission and processing of data that
will make use of the WWW GTS, and will provide data at various levels for operational
use, special research efforts, and the central numerical experimentation of the FGGE.
Academician Bugaev described the role of the WWW in FGGE, emphasizing
Professor Morel's remarks on the importance of the GOS, GTS and GDPS to FGGE.
Academician Bugaev reminded the group that WWW and GARP are parallel efforts and
that for the first phase of the WWW planning previous experience and the need to
meet current operational needs provided sufficient guidelines. However, he pointed
out that for future improvements the scientific results of the FGGE will provide
important new criteria with which to plan a next generation WWW to take full advantage of modern technology and new possibilities to improve weather services.

The remarks by these speakers were highlights from the JOG document, the
"FGGE, Objectives and Plans" which was prepared for the conference. This report will
be updated in view of the outcome of this conference and published in the GARP Publications Series so that it will be widely available. The summary of the report is
shown in Annex Ill. The JOG recommendations for the FGGE are shown in Annex IV.
Professor Bolin then introduced the JOG recommendations for the Conferenc~
including specific suggestions on the observational efforts needed, the timing of the
experiment in relation to the plans for the launch of the necessary satellites, the
role of some regional programmes, and the time sc~edule for build-up to the FGGE.

2.2

The FGGE Observing System

The Planning Conference has reviewed the probable contribution to the
global observing system indicated by the participating nations (see Annex V) and
concludes that it is appropriate to proceed towards the implementation of the FGGE
during 1977 as proposed by the JOC.
The Planning Conference noted that it is difficult in many cases for
nations to make firm commitments at this time. Nevertheless, contributions by the
nations with regard to the geostationary and polar-orbiting satellite systems fully
meet the stated JOC requirements.
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In the following sections the Planning Conference presents some detailed
comments and further recommendations on the observing system proposed by the JOC
shown in Annex IV. This system comprises the surface-based sub-system and the satellite sub-system of the WWW GOS, together with special observational sub-systems needed
for the FGGE.
2.2.1

(a)

The Conference agreed with the JOG that this sub-system of the WWW GOS
will adequately meet the FGGE data requirements over most continental
and island regions outside the tropics if the implementation of new
stations continues according to the WWW-C1972-1975) plan. The Planning
Conference considered these observations to be an indispensable part of
the FGGE observing system.
Special importance is attached to:

(b)

(i)

the radiosonde/radiowind observations at a frequency of at least
twice per day, providing data to at least the height of 10 mb;

(ii)

the collection of data from commercial aircraft and merchant
vessels in an expeditious manner.

It is especially important to obtain adequate wind observations in the
equatorial belt (about lOoN-lOOS) but it is also apparent that these
observations may be difficult to obtain because of the resources that are
required. Therefore, even a single conventional sounding in a strategic
location can make a significant contribution to meeting this observational
requirement.

The Planning Conference recommended that the WMO accept the FGGE reguirements for observations in the Tropics and accord them high priority in the implementation of upper-air stations and consider an increased number of stations in the
equatorial tropics which measure upper winds only.
2.2.2
2.2.2.1
The operational polar-orbiting satellites being planned in the U.S.A.,
and in the U.S.S.R., and the research satellites which are also being planned by the
two countries will completely meet the requirement~ for the FGGE.
The Conference was pleased to note that the questions regarding compatibility between the separate polar-orbiting satellite systems, instrument calibration,
and complementary orbits were currently being discussed between the two countries.
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2.2.2.2
The plans of ESRO, Japan, U.S.S.R., and the U.S.A., for the operation of
five geostationary satellites provides truly global coverage of the tropical belt
which was not possible with the four satellites of the JOC plan. Such an observational system will satisfy completely the stated requirements in·a broad latitudinal
belt centered on the equator.
There are very significant advantages which resulted from the contribution of the fifth satellite:

(i)

The contributing countries will have a greater flexibility in
positioning their satellites to satisfy national meteorological
concerns;

(ii)

More accurate wind data will result from using observations taken
closer to sub-satellite points;

(iii)

An intercomparison of derived winds will be possible because all
adjacent fields will overlap.

The Conference encouraged the countries contributing to the geostationary
satellite system to maintain close contact, particularly in the planning and development stages. As a result of such co-ordinated effort five satellites should provide
compatible and comparable wind data.
2.2.3
2.2.3.1

(a)

Both theoretical studies and numerical experimentation have shown that
there is a critical need for direct wind measurements with high resolution in the equatorial zone (about lOOS-looN). In contrast to the
situation in the middle latitudes, in the equatorial band the WWW surfacebased network might provide about 20 per cent of necessary data coverage.

(b)

Evidence presented indicated that it cannot be expected that a single
observing system can be constructed to obtain the resolution of winds
which is required in the tropics. On the other hand, it appeared that
the following cqntributions may be forthcoming:

(i)

partial support of a carrier balloon system;

(ii)

a number of ships available for the special observing periods;

(iii)

the development of WWW GOS (see section 2.2.1).

Thus, it appeared that a combination of several systems might provide a
feasible observational system.
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The Planning Conference recommended to WHO that the Secretary-General of
WHO examine, with the assistance of the IOC and SCOR, the possible additional contributions of ships to FGGE. The use of ships as platforms for radiowind observations
during the two special observing periods of FGGE is now considered to be a key contribution to meeting the tropical wind observational requirement.
The Plannin Conference recommended that an ad hoc workin
defined
in the recommendation in section 2.2.3.5 a
investi ate the various ossibilities
for obtaining the tropical winds taking note of the resources that have been indicated; and evaluate, as quantitatively as possible, the degree to which the
scientific objective can be met through the deployment of an optimum mix of possible
observing systems.
2.2.3.2

Constant-level balloons

(a)

In view of the gaps in the WWW surface-based observing system in the
Southern Hemisphere, it is essential to supplement the observations
with a special observing effort. A network of approximately 450
randomly distributed constant-level balloons is considered to be primary
means of providing wind, temperature, pressure and geopotential height
measurements at one level in the upper troposphere in the region 20 0 -90 0 S.
Experience with GHOST programme and especially with Eole programme shows
that such an observing system is definitely feasible.

(b)

Plans for the communication and location capability required for the
operation of this constant-level balloon system are being developed under
a joint programme of France and the U.S.A., in the form of the satellite
data collection and location system. This capability will also be
adequate to locate and communicate with drifting buoys as specified in
section 2.2.3.3 and automatic stations in remote areas, section 2.2.3.4.

(c)

Adequate launching facilities to deploy the constant-level balloons have
been proposed as contributions of Argentina, New Zealand, and possibly
Australia.

(d)

Furthermore, the U.S.A., has indicated its willingness to contribute a
reasonable share of the airborne equipment to implement, together with
other nations, a complete constant-level balloon network.* On the other

* The delegate of the United States, noting that other nations are not in a position
at this time to indicate their contribution to the airborne equipment for the constant-level balloon network proposed by the JOG for the Southern Hemisphere, stated
however that the U.S. delegation believes that the set of observations to be
obtained from such a network will be essential in order to compensate for known
deficiencies in the other components of the observing system for the Southern Hemisphere. It is the U.S., view that such a balloon system should be a truly international undertaking for the FGGE and encourages further considerations by other
nations with a view towards broader international participation in such a system.
The United States considers this system sufficiently important to conduct an additional test, TWERLE, in the summer of 1974 in conjunction with the Nimbus-F satellite.
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hand, no other nation has proposed to contribute airborne equipment at
this time.

The Planning Conference requested the JOC to study the consequences of
the possible inadequacy of the reference level definition in the Southern Hemisphere
upon the global data set.
2.2.3.3

~~~l!

(a)

The data requirement for the FGGE also calls for a network of about 150
buoys which is a minimum to measure surface pressure and sea-surface
temperature to be deployed in the zone 50 0 _65 0 S where persistent cloudiness interferes with remote sounding observations of the lower troposphere. Furthermore, buoys deployed elsewhere in the Southern Hemisphere
would assist in reference level determination (see section 2.2.3.2 above).
It appeared that means for locating and communicating with such buoys
will be available through an operational satellite system.

(b)

A number of nations (see Table 1) have expressed an interest in the
supply and/or deployment of buoys. It seems likely that adequate coordination ,of this response can be made, but no quantitative information
on the number of buoys that are being contemplated has been given by the
nations. A recommendation for an ad hoc group to consider these possibilities is given below in section 2.2.3.5 (b).
Deployment
Supply*
Argentina

x

x

Australia

x

x

Canada
Prance
New Zealand
Norway
South Africa

i

U.K.

x
x
x
x
i
i

U.S.A.
U.S.S.R.

x
x

x
x

x
x
i
x
x

x - possible contribution
i-interest expressed
* - meant to include manufacture, procurement
or provision of the buoys.
Table 1. Assessment of possible national contribution to a buoy network
in the Southern Oceans (500 S_65 0 S) for the FGGE.
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2.2.3.4

Automatic Land and Ice Stations

(0)

Although the JOG requirement for 50 automatic stations for surface
meteorological measurements in the remote areas of the polar regions is
quite minimal, only a few countries hove indicated on interest at this
time in providing these measurements. However, as the programme for
POLEX is developed, it is expected that additional commitments will be
forthcoming. The proximity of several notions to the Arctic region will
be further incentive to cover the Arctic reasonably well with on observational network.

(b)

The Planning Conference welcomed the initiative taken by SCAR to
encourage its members to add automatic stations as well as upper-air
stations in the Antarctic.

2.2.3.5
(0)

As stated in the introduction, the planned contribution of the geostationary and polar-orbiting satellites makes these observational .
systems complete and global in nature. By contrast the contributions
announced at this time are not sufficient to meet the stated requirements
for the special observing systems which are recommended by the JOG. This
is especially true in the case of tropical winds and reference level
observations.
Therefore, the Planning Conference recommended to WMO and ICSU that the
Secretory-General ofWMO be requested to convene an ad hoc working group
to review the observational requirements and consider the alternatives
for special observing systems in the light of resources that may be
available.
This working group should be constituted of:

(i)

experts in atmospheric modelling and numerical simulation designated upon recommendation of the JOG;

(ii)

experts in observing system technology designated upon recommendation of the JOC;

(iii)

experts from nations interested in contributing to special
observing systems.

The meeting of the working group should be supported financially in so
for os possible by the Members concerned. Firm recommendations should be
submitted by 1 August 1973 to the Executive Committees of WHO and ICSU.

PLANNING CONFERENCE ON GARP

9

(b)

The Planning Conference recommended to WMO and ICSU that the SecretaryGeneral of WMO be requested to arrange in co-operation with the IOC,
SCOR and the SCAR for an ad hoc working group on buoys, who all have
made recommendations for an increased capability for buoy measurements
applied to their own sphere of interest.

2.3

Data Management for the FGGE

The JOG proposal for a data flow and processing plan for the FGGE
(cf. Annex Ill); there the kinds of data are defined, the generalized flow path is
shown and the distinction drawn between the data to be used operationally in WWW and
some special treatment recommended for the FGGE. In brief, the several kinds of data
are:
Level I data

raw data from instrument readings or sensor signals.
It is assumed that those responsible for each
observing sub-system will reduce these data to the
next step described below.

Level 11 A data

meteorological parameters obtained directly or .
derived from Level I data. These are operational
WWW data; they will be collected by the GTS and
therefore available to anyone who can access the
high-speed portion of the GTS.

Level 11 B data

these a~e distinguished from Level 11 A by a delayed
cut-off in receipt in order to acquire a complete
collection; Level 11 B data may also go through
additional checking procedures at the WMCs.
Level 11 B data will also be collected by the GTS,
but will not be re-transmitted after processing
(checking, etc.). Checked data will be available
by other means.

Level III A data -

global internally-consistent data sets derived from
Level 11 A data by objective analysis and fourdimensional assimilation using a numerical model.
These are operational WWW data; they will be
collected on the GTS, and therefore available as
for Level 11 A data.

Level III B data -

these are global internally-consistent data sets in
terms of grid-point values derived from Level 11 B
data by four-dimensional assimilation schemes.
Level III B data are distinguished from Level III A
data by a delayed cut-off in receipt in order to
acquire a complete collection. These data will not
be distributed on the GTS.
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Bearing in mind the general framework of the FGGE data plan as outlined
above, the Conference discussed some special needs for FGGE.

2.3.1
Satellite sounding radiances have been stated as a requirement by JOG.
These are radiances from which the effects of cloudiness have been removed. The
Conference discussed whether or not these should be placed on GTS, and concluded
that adequate communications capability in the GTS should be provided for them. By
1977, sounding radiances may be required by operational centres, but there is at
present no such WWW requirement, so they must be regarded as a GARP requirement at
this time.
The Conference agreed that current WMO plans will more than saturate the
GTS by 1977. It was therefore clear that action should be initiated at once, in
anticipation of the sounding radiances being placed on the GTS during FGGE, and
perhaps permanently as part of the WWW. The Conference suggested that investigation
be made of methods of obtaining more effective capacity on the GTS, e.g., early
introduction of facsimile compression and setting up of additional circuits.

2.3.2
Resources required at WMCs in order to accomplish Level III processing
are a computer of adequate capacity and additional staff. Before FGGE the WMCs
should have developed a sophisticated if not optimum four-dimensional data assimilation system.
One WMC is planning, subject to obtaining necessary funds and personnel,
to process Level 11 B and III B data, and the others have expressed interest.

*

For obtaining atmospheric soundings from satellites, measurements are made of
radiation -emitted at various wavelengths by carbon dioxide and water vapour in the
atmosphere; a radiance is the amount of energy received at the satellite in a
particular spectral interval. These raw radiances are at a very high spatial
density (of the order of 30 km) but are usually contaminated by effects of clouds
and particles in the viewing field. To remove or minimize these effects, further
processing is carried out. The radiances obtained from this further processing
are usually called "clear-column" radiances, or sounding radiances, to distinguish
them from the raw radiances; these radiances will be available on a much less
dense basis than the raw radiances, with a scale of the order of 200-500 km.
Currently, and it is expected to continue, these "clear column" or sounding
radiances are transformed into temperatures and humidities in conjunction with a
numerical analysis model; it is expected that these derived temperatures and
humidities will be distributed on the GTS in a format similar to that used for
conventional upper-air soundings. However, there is currently experimentation in
progress on the feasibility of using the sounding radiances directly in numerical
analysis models to obtain Level III data.
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2.3.3
The Conference suggested that a working group be established to prepare
a detailed implementation plan for the activities of the WMCs.

2.3.4
The Conference recommended to WMO that the Secretary-General of WMO be
requested to:
(i)

Take action now aimed at requesting nations involved to provide
capacity on the GTS for the transmission of sounding radiances
from up to four polar orbiters.

(ii)

Establish a working group for the preparation of a detailed implementation plan for the activities of the WMCs composed of the programme managers of the three WMCs, representatives of JOG and other
experts as required; in this connexion, particular reference was
made to the need for telecommunication experts.

In this connexion, the Conference felt that meetings of groups of experts
should be financed from national resources rather than by WMO.

2.4

Oceanographic programmes and measurements related to FGGE

2.4.1
The Conference recognized that with the increasing emphasis in FGGE on
climatic variability, strengthening the oceanographic component of the experiment is
essential. Basic to the goals of FGGE is the development of a programme of oceanographic measurements designed to test the combined ocean-atmosphere models that will
be available at the time. It seems unlikely that by 1977 the capability will exist
to describe,· on an ocean-wide basis, the currents and densities of the surface layer.
Therefore, it is desirable to select one or more ocean areas for intensive study
where the velocity and mass fields can be described in sufficient detail for the
testing of the models concerned. These areas should be of suitable dimensions, perhaps 1 000 km on a side, and should be carefully selected to match the requirements
of the models. Areas to be considered include those in the North Pacific, North
Atlantic, Antarctic and Arabian Sea.
The design of oceanographic programmes and the selection of areas
requires early attention. With regard to the equatorial regions, it is recommended
to WMO and ICSU that the results of the oceanographic investigations of GATE be
evaluated promptly to determine the need for a further tropical oceanographic experiment during FGGE. It is further recommended to WMO and ICSU that arrangements for
planning of the oceanographic programme of FGGE be established by joint action of
ICSU and WMO.
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2.4.2
Furthermore, the normal oceanographic activl.ties that will be taking
place during FGGE can be used to augment and strengthen the observational coverage
of the experiment. Although IGOSS is now only in a pilot stage, its development by
1977 could provide essential support for FGGE in supplying global oceanic data. In
that regard co-ordination will be required in designing and planning observational
components in the world's oceans between IGOSS and FGGE which will be of benefit for
both programmes. The support of oceanographers in technological developments such
as the design of moored and drifting buoys should also be made available.
It is necessary to provide for the co-ordination of these oceanographic
support activities, and it is recommended that, through WMO, the assistance of IOC
be invited in this endeavour.

2.4.3
In addition to the basic oceanographic programme discussed above, there
are undoubtedly other important oceanographic experiments that will benefit from the
comprehensive background of atmospheric information that will be available during
the period. For example, a study of the response of the Somali Current to monsoonal
change in wind stress has already been proposed.
It is recommended to WMO and ICSU that JOC encourage such oceanographic
experiments by making the opportunities known to oceanographers and by establishing
close working relations with their organizations such as SCOR.
3.

THE ROLE OF OTHER GARP EXPERIMENTS DURING THE FGGE

The Plannihg Conference heard explanations of a number of regional
experiments that countries are planning to carry out in conjunction with FGGE.
Amongst those proposed were the Monsoon Experiment (India), the Polar Experiment
(U.S.S.R.) ~nd the Air-Mass Transformation Experiment (Japan).

3.1

Monsoon Experiment (MONEX)

The proposal made by India was for an observational study of air-mass
transformation in the Arabian Sea during the southwest monsoon season (MONEX). It
would call for an intensified observing network to study the energetics of the
tropical atmosphere in the area and would require only modest finances. Support
from other countries was invited. The Conference accepted the scientific value of
MONEX but felt that more detailed information on this experiment was required. It
therefore felt that this matter should be considered further by JOG.
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Polar Experiment (POLEX)

The purpose of the Polar Experiment (POLEX) as a study of the energy
transfer processes in polar regions was explained. Improved understanding of these
processes fqr inclusion in general circulation models is expected from the experiment. Progress in the implementation of the experiment, which is to last several
years culminating in 1977, was described. The activities carried out under POLEX
would also serve other purposes such as FGGE. The Conference welcomed the experiment which was considered to be germane to FGGE.

3.3

Air-Mass Transformation Experiment (AMTEX)

The Conference was informed that plans are being made in Japan to carry
out air-mass transformation studies in the region of the Southwest Islands of Japan
in the winters of 1974 and 1975. The organizers of the experiment invited groups in
other countries to consider participation. At this time it is known that scientists
from Canada, Australia and the United States are making specific plans to join the
effort.

3.4

Other proposals

Other proposals for regional experiments during the FGGE were put forward
by Algeria (for Saharan areas) and by Italy (for Mediterranean areas). Although
regional programmes which will add to the amount of data to be gathered from FGGE and
which could shed light on critical physical processes were welcomed, it was felt that
caution was necessary to ensure that they did not lead to competition for the available resources and thus detract from the main purposes of FGGE. -~t was therefore
suggested that the proposers of these experiments develop further their suggestions
and submit a plan for the respective experiments to JOG for further consideration.

4.
4.1

POSSIBLE NATIONAL CONTRIBUTIONS TO THE GLOBAL EXPERIMENT

General considerations

Twenty-eight of the Member countries present at the P~anning Conference
indicated their desire to support the FGGE to the extent ~hat nat~onal resources and
ould perm;t
Because FGGE was approximately f~ve years away, many Members
'
'
~ •
,
t 'I d
f ~nanc~ng w
were unable to commit their countries definitely to the expend~tu:es en a~ e ,
although they planned to give the experiment all the support poss~ble.
All those Member countries participating in the discussion expressed
their intention to implement fully the World Weather Watch requirements in their
assistance to the First GARP Global
countries, in order to prov~'d e th e max;mum
~
f national contributions to FGGE are shown in
O
t
Experiment (FGGE.
The statemen s
)
Annex V.
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4.2

the Scientific Committee on Antarctic Research

The Planning Conference notes with interest and welcomes the actions
taken by the Scientific Committee for Antarctic Research at its twelfth meeting, in
Canberra from 14 to 19 August 1972, in respect of its recommendation to National
Committees to make particular efforts to comply with requests for additional observations, especially during special observing periods (shown in Annex VI).
The Planning Conference recommends to WMOand ICSU that the SecretaryGeneral of WMO be requested to call upon Signatories to the Antarctic Treaty to
consider the FGGE requirements within their meteorological programmes.
5.

5.1

WORLD WEATHER WATCH AND THE FGGE

Special efforts in implementation of WWW to support FGGE

The present level of implementation of the facilities forming part of
the World Weather Watch and the expected development of the system over the ne~t
five to six years was described to the Conference in order to provide help in the
planning of FGGE and the setting up of priorities. The implementation of the Global
Observing System (GOS) was reviewed by the Conference and the special efforts being
made by WMO to complete the upper-air network, particularly in tropical regions, was
noted. Particular attention was given to the plans for the completion of the Global
Telecommunication System (GTS) in the light of the doubts that had been expressed on
its capacity to accommodate all the data that would become available through the
FGGE. It was explained that it might be necessary for the appropriate WMO bodies to
reconsider some of the procedures and techniques laid down for the GTS if the circuits proved to be fully loaded. The role of the WMO Voluntary Assistance Programme
in providing a means for the implementation of vital facilities in developing
countries was stressed.

5.2

Recommendations

The Conference recognized that the success of FGGE would depend to a very
large extent on the full implementation of WWW. It therefore made a number of recommendations to WMO:
(i)

Highest priority should be given to the full implementation of
WWW;

(ii)

The maximum use should be made of WWW facilities in the planning
and execution of FGGE;

(iii)

Urgent steps should be taken to determine the data load to be
expected from FGGE and its relationship to the capacity of the
GTS;
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(iv)

Maximum emphasis should be placed on obtaining additional observations from tropical and data-sparse ocean areas;

(v)

The provision of YAP aid to developing countries should be continued and strengthened.

In relation to (iii) above, the Conference considered that WMO should
take the necessary steps, as a matter of urgency, to ensure that the GTS would be
able to meet the demand placed upon it by FGGE. There was also a need to determine
the extent to which the real-time transmission of datd is necessary for the First
GARP Global Experiment.
6.

6.1
be held.
6.2

THE TIME FOR THE GLOBAL EXPERIMENT

JOG Proposal
The Conference considered when the global experiment could most suitably
It noted that the JOG had proposed the year 1977.
Relation to satellite schedules

It was the view of the Conference that the critical factor in the timing
was to ensure that the experiment took place when there was the highest probability
of the most complete and efficient system for its conduct. For this reason it was
felt to be essential to take into account when the satellite system, and especially
the five geostationary satellites, would meet the requirements put forward by JOG.
The Conference noted that the five satellites were planned to be in operation by

1977.
6.3

Need to set target date

The importance of setting a date and thereby g1v1ng impetus to those
nations contributing to the system was also stressed. The FGGE was a strong objective to work for. In addition the view was expressed that a clear statement of the
expected date could help considerably in obtaining national contributions to the
experiment.

6.4

Action taken to set target date

The Planning Conference therefore decided to set 1977 as the target
period for the First GARP Global Experiment.

16

PLANNING CONFERENCE ON GARP
7.

7.1

INSTITUTIONAL ARRANGEMENTS

Need for FGGE planning and co-ordination mechanism

The FGGE will be the largest international enterprise of its type ever
undertaken, both in terms of effort and of audacity. It is important, therefore,
that the organizational and institutional arrangements for conducting the Experiment
be explicit and of sufficient scope and strength to guarantee its success. In view
of the lack of precedents within the framework of the United Nations for carrying
out large-scale international experiments, it has been necessary to establish special
arrangements to achieve the required extensive planning and co-ordination. The
Tropical Experiment Board, Tropical Experiment Council and the International Scientific and Management Group for GATE have been established to carry out the GARP
Atlantic Tropical Experiment. It will be necessary to establish mechanisms to carry
out similar functions for the FGGE, although there are some important differences to
be considered.

7.2

Summary of principles adopted at the Brussels Planning Conference

The Planning Conference on GARP which was held in Brussels in March 1970
addressed the question of organizational arrangements. The Conference adopted basic
principles that should be followed in the management and financing of all GARP subprogrammes. In summary, it was agreed that:

(a)

the overall achievement of GARP objectives should guide all experiments;

(b)

the JOC should have sufficient support to carry out its approved responsibilities;

(c)

the organizational arrangements should be as simple as possible;

(d)

maximum use should be made of existing facilities and resources at both
the national and international levels.

7.3

Guiding principles

and

The Conference recommends to WMO and ICSU that the following principles
should guide the development of specific institutional arrangements for FGGE:

(a)

The arrangement~ must provide a mechanism to ensure the coherence and
effective implementation of the Experiment as well as a formal mechanism
through which Members can take decisions and exchange information regarding their contributions and commitments to the Experiment. Arrangements
should also be made whereby other participants can contribute according
to agreed mechanisms.

(b)

Account should be taken of the need to continue certain aspects of the
arrangements for FGGE for the long-term development and co-ordination of
the World Weather Watch.

PLANNING CONFERENCE ON GARP

17

(c)

Special attention should be given to how the WMO and its various bodies
as well as the various bodies of ICSU can be most effective in planning
and co-ordinating the FGGE.

(d)

It is desirable that national scientists, technologists and managers
responsible for key aspects of FGGE within the participating nations
should have important roles in the international arrangements for the
FGGE.

(e)

For the success of GARP, it is essential that nations, large and small,
developed and developing, be represented in the FGGE institutions.

(f)

Any additional organizational arrangements should' avoid duplicating and
overlapping the responsibilities and functions of existing bodies except
where the needs of the FGGE Programme co-ordination cannot be satisfied
in any other way.

7.4

Specific characteristics needed for FGGE arrangements
The proposed arrangements for FGGE should have the following characteris-

tics:

(a)

A mechanism should exist through which governmental commitments can be
made and co-ordinated with the requirements of the Experiment. The same
mechanism should permit governments to make jointly general decisions and
to review the progress of preparations for the Experiment.

(b)

A mechanism should exist for formulation of requirements for the conduct
of FGGE which will serve as guidance to those involved with the planning
and execution of the WWW, special observation systems, and data processing systems. In particular, a detailed data management plan will be
essential.

(c)

'It is neceS$ary that there be a clearly defined focal organization which
would have the responsibility for the detailed planning, co-ordination
and integration of the Experiment. It is also necessary that there be
an adequate staff dedicated specifically to the implementation of the
FGGE.

(d)

Working groups should be established to bring together the key project.
managers from participating nations and groups of nations. In particula~
groups for the satellite systems and for the special observing systems
will be required to co-ordinate the systems development and implementation. Another group will be required for data assimilation, including
data exchange. This group would consist of members from the World
Meteorological Centres and other institutions planning to produce
Level III data sets for the FGGE. In conjunction with the observation
groups, this group will have to specify the manner in which Level 11
data from the observing systems is to be provided. Full use should be
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made of existing machinery within the WMO Commission for Basic Systems
for considering all questions relating to the use of the WWW facilities
for the FGGE. Groups will also be required to co-ordinate the research
activities. It seems logical that the groups on numerical experimentation already established by the JOC may provide the basis for such a
mechanism.
.

7.5

Immediate arrangements

In conformity with the joint WMO!ICSU agreement and unless WMO and ICSU
determine otherwise, the Director of JPS should be responsible for the international
planning, integration and co-ordination of the FGGE activities.
In consultation with the Director of JPS, nations are urged to second
suitable scientists to support the work of the JPS.

7.6

Establishment of a study panel

The Conference recommends to WMO and ICSU that, as a matter of urgency,
the Secretary-General of WMO, in conjunction with the Secretary-General of ICSU, be
requested to appoint a small panel of individuals to study the institutional arrangements needed for the conduct of FGGE and to present recommendations on these arrangements to the Executive Committee of the two organizations before 30 June 1973. These
recommendations should be accompanied by estimates of the cost of each of the
arrangements recommended.
8.

REPORT OF THE CONFERENCE

The present report was approved by the Conference in the final plenary
session except for minor editorial improvements introduced by the Conference Secretariat. In addition, certain explanatory material has been introduced as appropriate, following the wishes of the Conference during the discussion of the various
sections of the report.
9.

CLOSING OF THE CONFERENCE

At the closing meeting, the Chairman expressed his appreciation to JOC
for the excellent documents it had prepared as a basis for the work of the Confer- .
ence. He felt that the recommendations it had made would effectively stimulate
national contributions to the FGGE. He also wished to comment on the most satisfactory co-operation existing between ICSU and WMO. Finally, Dr. Nyberg thanked
the participants for their valuable contributions to the Conference and recorded
the gratitude of all to the Secretary-General of WMO for the excellent arrangements
made for the Conference.
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On behalf of all present, the Representative of the United States,
Dr. R. M. White, expressed his deep appreciation to the Chairman for the efficient
way in which he had conducted the proceedings.
The Conference closed at 15.10 on 8 September 1972.
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I.

Delegations of Members of WMO including Representatives of ICSU National
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Name of Member

Name (s) of participant( s )

Algeria

A. Boukli

Argentina

C. Martinez

Australia

R. Maine

Belgium

A. Maenhout

Brazil

R. de Freitas Caracciolo
A. da Cunha Silva
F. Cezar Chede

Canada

H. Cameron

Cuba

G. Mediavilla de la Pen'a

Denmark

J.W. Larsen

Egypt

K.A. Khalil
El-Sawy Mahmoud

Finland

L.A. Vuorela
D. S8derman
Y. Toivola

France

L. Facy
M. Martin-Sane
J. Alt
A. Alouges
J •P. de Longueau
P. Morel
P. Villat
J. Coulomb
A. Villevieille

Germany, Federal Republic
of

H. Voss
G. Fischer

India

P.K. Das

Ireland

M.G. Granville

Israel

z.

Italy

L. La Valle
C. Finizio
B. Bizzarri

Alterman
J.H. Joseph
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Ivory Coast

J. Djigbenou

Japan

G. Yamamoto
1. Shimizu

Kenya

s.

Madagascar

A. Ralison

Netherlands

C. Schuurmans

New Zealand

J.F. Gabites

Nicaragua

A. Mullhaupt

Niger

D. Matienga

Norway

R. Fjpfrtoft
J. Nordpf
A. Eliassen

Peru

J. Alvarez-Calderon

South Africa

J.J. Taljaard

Sudan

E. Osman

Sweden

A.
O.
L.
H.

Switzerland

R. Sohneider
H. DUtsch
J. Qui by

Tewungwa

Nyberg
1Bnnqv.ist
Bengtsson
Sundqv.ist

Tanzania, United Republio
of

S. Tewungwa

Uganda

S. Tewungwa

U.S.S.R.

V.A. Bugaev
O.V. Krivonogov

United Kingdom

B.J.
M.H.
P.A.
J.T.

U.S.A.

R.M. White
C.W. Mathews
V.E. Suomi
W.S. Wooster
G.D. Cartwright
J. Charney
D.S. Johnson
D. Sargeant
F.G. Shuman
M. Tepper
W.M. Washington

Mason
Freeman
Sheppard
Houghton
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II.

Upper Volta

J.P. Ouedraogo
A. Kabre

Venezuela

H. Angulo Bravo

Delegations of non-Members of WMO Representing the ICSU National
Adhering Bodies
Academy of Science
in Berlin)
German Democratic Republic

III.

W. Bohme

Special Invitees (JOC Members)
R.W. Stewart
J. Smagorinsky
B. Bolin

IV.

V.

International Organizations
International Council
of Scientific Unions
(ICSU)

T. Malone
W.L. Godson
M.J. Rubin
F. Baker

Intergovernmental Oceanographic Commission (IOC)

L. Capurro
A. Tolkachev

European Space Research
Organization (ESRO)

R. Tessier
F. Pene

Deputy Secretary-General
of WMO

K. Langlo

Director, Joint Planning
Staff for GARP

B.R. D8Bs

Secretariat
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FIRST GARP GLOBAL EXPERIMENT
A summary of the objectives and plans
Through theoretical considerations and numerical experiments with the aid of
physical-mathematical models of the atmosphere, it has been demonstrated that there
exists a considerable gap between our present ability to predict the large-scale
motion of the atmosphere and the ultimate limit of predictability.
The experience gained from research within this field of meteorology has
also revealed that a considerably better knowledge of the behaviour of the global
atmosphere is required before we can significantly increase the length of time for
which useful forecasts can be computed.
Furthermore, we need to understand the physical basis of the climate of
the earth much better, particularly as man's possible intreference with the natural
processes is becoming a problem of prime concern.
The FGGE is an attempt to lead the way to the possible limit of deterministic forecasting. It will also provide a world-wide test of how well existing models
of the earth's atmosphere can simulate the present climate which is a necessary step
before one addresses oneself to the problem of climatic change.
It is an experiment of limited duration that is based on recent technical
and scientific advancements and that co-ordinates further work in these fields in
all parts of the world in such a way that they culminate in the same time period
and thus complement each other to the fullest possible extent.
It is proposed that the experiment commence in 1977 and last for a period
of approximately one year, with two periods - each of one month's duration - of intensified observations. The FFGE will provide a global data set which is more complete that any previous time in the history of meteorology.
THE MAIN OBJECTIVES
The following four major objectives justify the aim of having more detailed
observations of the global atmosphere than ever before:

(i)

To obtain a better understanding. of atmospheric motion for development of more realistic models for extended range forecasting, general
circulation studies and climate.
Considerable deficiencies in our understanding of the planetary scale
motion still exist. In particular, the dynamics of the ultra-long
waves and the occasional blocking of the westerly flow in middle
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latitudes are far from fully understood and the present models do
not describe these processes well. A better knowledge is required
of the large-scale dynamics of the Southern Hemisphere and the
dynamic coupling between the two hemispheres. A further exploration
of the tropics is also needed.
The GARP Atlantic Tropical Experiment in 1974 covers only a limited
portion of the tropics and will evidently not give all the information of the large-scale dynamics which is required. For example,
the underlying causes of the monsoon need to be studied further.
We need to observe and analyse the interaction of the various scales
of motion in the atmosphere in our attempts to devise improved methods
for representation of the small-scale motion not explicitly handled
in the models, but nevertheless of importance to the large-scale processes (the parameterization problem);
(ii)

To assess the ultimate limit of predictability of weather systems.
Depending on the assumptions made, the estimates of the length of
time during which weather systems can be predicted vary from one to
three weeks. This span of uncertainty calls for further study to
establish the practical and theoretical limit of predictability more
firmly. Neither are we aware to what extent extended forecasts of
average weather conditions during a week, a month or a season are
possible. Forecast experiments based on real data, using sophisticated global models which include ocean levels down to the thermocline,
need to be performed for periods of a month, a season and, preferably,
for one or a few years, to study the decay of predictability;

(iii)

To develop more powerful methods for assimilation of meteorological
observations and. in particular, for using non-synchronous data as
a basis for predicting the large-scale motion,
Small errors in the data on which the forecasts are based grow with
time and, after two to three weeks, reach a level which is comparable
to the magnitude of the difference between randomly chosen states of
the atmosphere. Present meteorological networks are not able to provide an adequate basis for global weather forecasting. No matter how
much we improve the models, the extended range forecasts cannot be
substantially improved, unless the meteorological network is radically
expanded. It should be emphasized, however, that a greater accuracy
of the basic data used in the computations does not only depend on
increasing the network, but also on the development of improved methods for assimilation and so-called initialization of such data
before forecast-computations start. The FGGE should not be considered
as simply a data collection effort; it is equally important that
sufficient resources are devoted to the processing of the data and
to making them available to research groups;
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(iv)

To design an optimum composite meteorological observing system for
routine numerical weather prediction of the larger-scale features of
the general circulation.
With the aid of the data and the experience from the First GARP
Global Experiment, it will be possible to determine what the composite global observing system for routine long-range weather prediction should be. This can only be achieved if we have access to
more detailed information on the actual behaviour of the global
atmospher& for a certain period of ti~e, i.e., during the FGGE.
With this set of observations, i t will be possible to perform numerical experiments using various models in which one may systematically vary such factors as the density, uniformity of distribution
of data, etc., and isolate their effect on the accuracy of the predictions. An optimum system should thereby emerge.

THE PLANNING OF THE EXPERIMENT
In the planning of the FGGE, the Joint Organizing Committee (JOC) has attempted to achieve a balance between three basic factors:
The scientific objectives
The technological feasibility
The availability of resources
Clearly, these factors are not independent. More precise formulations of the data
requirements with the aid of numerical experimentation have thus led to intensified
efforts by technologists and, alternatively, proposals of the technologists with respect to new observing systems have inspired specially-de~igned numerical experiments
to answer questions concerning optimum trade-offs between observing techniques. Although further improvements of the various observational techniques must be regarded
as desirable, it can be concluded that we have reached the critical point at which
JOC has judged that i t will be possible to fulfil the objectives of such an experiment.
With regard to the third factor, the required resources for the experiment,
the FGGE will of course basically need the same elements as the World Weather Watch
(WWW), Le., an observing system, a data-processing system and a telecommunication
system. Obviously, the WWW will be the basis on which to build, but there are
additional requirements that arise out of the fact that the FGGE is a research
effort with a specific programme goal.
THE OBSERVATIONAL REQUIREMENTS
Based on numerical experiments, estimates have been made of the accuracy
and of the space and time resolution which is required for the FGGE. After FGGE,
it will be possible to make a judgment as to what accuracy and in what detail it
will be necessary to observe the atmosphere for operational purposes. Evidently,
this depends on the answer to the question of what is the smallest scale we need
to resolve, in order to forecast the large-scale motion.
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In the specification of the observational requirements, account is taken of
the fact that the various parameters which describe the large-scale state of the atmosphere are dynamically coupled. Some parameters appear to be more critical than others
in defining the overall state of the atmosphere. Therefore, while it is in principle
possible to consider some trade-offs between parameters, the observing system for the
FGGE must be designed in such a way that there will be the possibility to identify
more confidently the quantities that are of secondary importance and that are, therefore, dynamically redundant.
THE DESIGN OF THE OBSERVING SYSTEM
In designing the observing system, three factors must be considered in assessing the adequacy of existing capability and in making recommendations for supplementary capability to ascertain the success of the experiment;
(i) the data requirements;
(ii) the characteristics of the available observing sub-system; (iii) the results of
numerical experiments providing guidance in building up an adequate observing system.
The general philosophy underlying the design of a feasible observing system
may be summarized in the following way:
1.

The WWW upper-air network, as it is expected to become implemented at the
time of the FGGE, is considered to be the basis for the observing system.

2.

Next, we are concerned with possible ways of enlarging the WWW network
capability either within the WWW programme; or

3.

Specifically designed sub-systems proposed for the First GARP Global
Experiment.

(i)

In doing so, individual components of the observing system have
been designed to supplement each other and to provide a composite
system which is adequate for the determination of all required
quantities;

(ii)

Consideration has been given to those regions of the globe where
the proposed observing system provides marginal space distribution
of specified parameters. Numerical experiments have been performed
to investigate the trade-off between spatial and temporal data distribution in such areas;

(iii)

In consideration of the need for a definition of the wind field in
the tropics, every effort should be made to provide wind observations with adequate horizontal and vertical resolution in the tropics and, particularly, near the equator;

(iv)

The determination of a reference level (pressure at some known
geopotential height) is needed in the Southern Hemisphere, in
addition to the existing surface observations.
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THE RELATION BETWEEN THE FGGE AND OTHER GARP EXPERIMENTS
In the planning of the FGGE, it is important to ensure that there will be
maximum mutual benefits between the FGGE and the other GARP sub-programmes. It is
thus considered to be of importance that the following GARP observational experiments
should coincide at least partially with the FGGE period:
The Polar Experiment (POLEX) proposed by the U.S.S.R., which is concerned
with studies of physical processes in polar regions and the development of
methods for incorporating them into numerical models.
The Monsoon Experiment proposed by India •. The object of this experiment
is to study air-mass transformations in the Arabian Sea during the SouthWest monsoon season (June-September).
THE RECOMMENDED COMPOSITE OBSERVING SYSTEM
It is clear that no single observing technique will be capabla of meeting
the observational requirements, and that a composite global observing system is necessary. The elements of such a composite system are basically of two kinds:
I.

Observing sub-systems that will be operational or close to operational
at the time of FGGE:
The GOS surface-based sub-system. This incorporates surface and upper-air
stations, commercial ships and aircraft.
Polar orbiting satellites. This sub-system with two or more satellites
will provide complete global fields of temperature and humidity, except
for the interference from persistent cloudiness.
Geostationary satellites. This sub-system, consisting of five geostationary
satellites, will provide full coverage in tropical and sub-tropical areas
for the derivation of winds at two levels, using sequential cloud images.

II.

Special sub-systems to fill critical gaps in the operational observing system (particularly during the two special observing periods):
Experimental satellites. Information regarding soil moisture and zones of
precipitations may be obtained from experimental instruments on research
satellites.
Means for obtaining wind profiles in the equatorial tropics. A fleet 9f
about 200 carrier balloons in the equatorial band from approximately lOoN
to lOoS is recommended. These would provide a means to deploy omega dropsondes over the data sparse regions. Ocean ship stations with upper-air
capability for winds are another was to fill in these data voids. Alternatively, a combination of these techniques could be used.
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Constant-level balloons. Approximately 450 constant-level balloons would
provide the required wind, temperature, pressure and geopotential height
measurements at one level in the upper troposphere for the region 20 0 S to
900 S.
(uoys. A network ~f 150 buoys will be needed in the southern ocean regions
50 0 S_65 0 N) to provide data in areas where persistent cloudiness interferes
significantly with satellite observations in the lower troposphere.
With the aid of these observing sub-systems, it has been possible to design
a composite observing system which, in general, meets the data requirements. There
are, however, some areas in the tropics and the Southern Hemisphere where, even so,
the coverage is marginal.
It should be emphasized that some means for obtaining vertical wind profiles
in the tropics is a critical requirement. In the Southern Hemisphere, the constantlevel balloons and the buoy system are urgently needed to complement the polar-orbiting satellites and WWW networks to assure observations of comparable SCope to those
in the Northern Hemisphere. It should also be noted that, in order to use the balloons and buoys, at least one of the polar-orbiting satellites must be equippseq with
a suitable radio system for locating the balloons and buoys and for collecting their
information. Finally, it must be emphasized that, while developments are under way
for most of the space-based systems, there are still many problems to solve; agreement to conduct the FGGE provides a useful focus and time schedule for the remaining
technical development needed to assure the availability of the composite system that
will meet the FGGE requirements.
THE DATA-PROCESSING SYSTEM
In the planning of the data collection and processing system for the FGGE,
it has been found convenient to introduce the following classification of the main
levels in the data flow:
Level I:

Raw data (telemetry signals,raw infra-red and microwave radiances
in spectral form, cloud images, etc.).

Level IIA:

Meteorological parameters (the extracted meteorological
elements, e.g., wind, temperature, pressure, humidity, sounding
radiances). These are operational WWW data.

Level lIB:

The same as IIA, but with a delayed cut-off to assure complete
collection.

Level IlIA:

Initial state parameters (analyses computed with a fourdimensional analysis scheme). These are operational WWW data.

Level IIIB:

The same as IlIA, but with a delayed cut-off using level
lIB data.
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More general definitions of different levels in the data-processing system
are given in Figure I.
Level I and level II (A and B) of the data flow have direct relation to the
output from the observing system.
The raw data are generally not used before being transformed into meteorological parameters. Many of them are, however, stored for special studies. Facilities for the acquisition, processing and archiving of data from the various observing. sub-systems, for instance, geostationary and polar-orbiting satellites, constantlevel balloons and carrier balloons, etc., are generally at the national centres that
are responsible for the sub-systems.
The data handling from the above-mentioned sub-systems will be the responsibility of the national centres concerned. This implies that these centres will be
responsible for the data acquisition and transformation of telemetered and other parameters at this level into meteorological parameters, as well as for certain error
control.
The meteorological parameters. This level of data flow includes all the
parameters or fields transformed from the raw data; for example, sequential images
of cloud distribution obtained from geostationary satellites will be used for the
derivation of wind fields. Data from some sub-systems are taken and processed into
meteorological parameters at a much higher lateral density than is required for the
FGGE. In these cases, it is suggested that the data are reduced in such a way that
they are representative on a scale of 200-500 km.
The meteorological parameters of level IIA should be transmitted via the
WWW Global Telecommunication System (GTS).
Initial state parameters. The level IIB data will be processed on a delayed
real-time basis with the aid of sophisticated numerical analysis/forecast models, using
a high resolution grid. Regarding the time delay, two factors have to be taken into
account:
(i)

The time delay should be as small as possible, so that the foi~casts
computed on the basis of this delayed analysis still are of operational value;

(ii)

On the other hand, the time delay should be sufficiently large to
guarentee that most of the observations from the whole globe are
available.

Twenty-four to thirty-six hours has been considered as a realistic estimate for an appropriate time delay; however, in connexion with improvements in data transmission and
processing methods for the various observing sub-systems, it might be possible, at the
time of the FGGE, to reduce this time considerably.
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The role of the World Meteorological Centres. It is apparent that the WMCs
must play a fundamental role in the data analysis at this level for the FGGE. It will
be impossible to achieve real-time processing during the FGGE without the active cooperation of the WMCs.
The data flow via the GTS. In Figure 2 is presented a sohematic flow chart
of a feasible FGGE data system. In this figure, estimates are also given of the volume of the data that can be obtained from the observing system and transmitted via the
GTS. It is worthwhile to note that, although the capacity of the main trunk of the
GTS is sizable and is thus able to transmit the information at level 11 from all feasible observing sub-systems in daily operation, the capacity of the main trunk may be
critical at certain times because of irregularity in data transmission from some observing sub-systems.
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~ORLD

INTERNATIONAL COUNCIL OF
SCIENTIFIC UNIONS

METEOROLOGICAL
ORGANIZATION

PLANNING CONFERENCE ON
THE FIRST GARP GLOBAL EXPERIMENT
(Geneva, 5-8 September 1972)

Review of the General Plan for the Global Experiment
THE JOG RECOMMENDATIONS FOR
THE FIRST GARP GLOBAL EXPERIMENT
(Submitted by JOG)
Summary
This document summarizes briefly the
minimum resources that are feasible
within current technology and that
will meet the data requirements. In
the document are also presented the
major milestones in the planning for
the FGGE which is proposed to be
launched in the beginning of 1977.

Reference:

"The First GARP Global Experiment - Objectives and Plans"
April 1972 (GARP/PC-II/Doc. 3).
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Appendices:

A.

Time Schedule for the Planning of the FGGE

B.

Stages in Planning and Implementing GARP Sub-Programmes.
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PURPOSE OF DOCUMENT
1.
The purpose of this document is to summarize the JOC findings on what decisions are required at the Planning Conference on the FGGE to make it possible to
launch such an experiment in early 1977.
BASIC OBJECTIVES
2.
The JOC, after several years of investigations and deliberations with the
help of many advisory groups, including the COSPAR Working Group 6 on meteorological
satellite matters, finds that it will be technically possible to conduct a FGGE and
meet its major objectives in the latter part of the 1970s. As objectives (c.f.
Doc. 3, p. 14) for the FGGE the JOC proposed:

(i)

To obtain a better understanding of atmospheric motion for the
development of more realistic models for extended range forecasting,
general circulation and climate./

(ii)

To assess the ultimate limit of predictability of weather system~J

(iii)

To develop powerful methods for assimilation of mete@rological
observations and, in particular, for using non-synchronous data as a
basis for predicting the large-scale motion./

(iv)

To design an optimum composite meteorological observing system for
routine numerical weather prediction of the large-scale features of the
general circulation.
THE PROPOSED OBSERVING SYSTEMS

3.
It is clear that no single observing technique will be capable of meeting
the observational requirements and that a composite observing system is a necessity.
The elements of such a composite system are basically of two kinds:
I.

Observing sub-systems that will be operational or close to operational
at the time of FGGE.
The Conventional (non-satellite) WWW Observing Sub-system
Polar orbiting satellites
Geostationary satellites.

11.

Special sub-systems required to fill critical gaps in the operational
observing system.
Means for obtaining wind profiles in the equatorial tropics
Constant-level balloons in the Southern Hemisphere
Drifting buoys in the Southern Hemisphere
Automatic land or ice stations in the polar regions and other remote
areas.

ANNEX IV

36

The systems under I above will operate. throughout the entire FGGE. The special subsystems under II need to be implemented on a temporary basis to provide the required
del'lsity of observations during the two Special Observing Periods of one month each,
or longer as practicable.
(a)

Tb~

Conventional (surface-based) WWW Observing Sub-system

Analysis of the data requirements for the FGGE has shown that the conventional
WWW-GOS will supply adequate upper-air and surface observations over continental and some island regions if the implementation of new stations continues
according to the 1971-1975 implementation plan. However, the conventional
network cannot supply more than a small fraction of the coverage required.
In the tropics and in the Southern Hemisphere the data coverage is generally
less than 20% and in large areas less than 10%.
Nevertheless the WWW 1971-1975 plans for non-satellite observations constitute
an indispensible part of the FGGE observing system and it is a requirement
that these plans are essentially implemented before the launch of the FGGE.
(b)

Polar Orbiting Satellites
Two polar orbiting satellites will be entirely adequate for the temperature
and humidity information needed at all latitudes, and will provide a sufficient amount of overlap to assure the availability of complete global fields
of these parameters except for interference from persistent cloudiness,
particularly in the Southern Hemisphere from 50 0 S to 65°S (c.f. Doc. 3,
pp. 65-66 and p. 141).
Routine operational vertical temperature sounders are being planned in U.S.A.
and U.S.S.R.:

(i)

nos D (U.S.A.): This satellite will initiate a new series in 1972,
which will be in operation until TIROS N is launched (see below),;
TIROS N (U.S.A.)t According to present plans this satellite will
initiate an advanced satellite series in late 1976j

(ii)

Meteor (U.S.S.R.): This operational satellite series is being planned
for improvement in 1974 by the addition of infrared vertical sounders
of advanced designo

In addition to the above-mentioned polar orbiting satellites, there will be
certain non-operational research satellites providing important meteorological
information: Nimbus F (U.S.A., 1974); an experimental satellite series which
may be continued beyond Nimbus F; and Cosmos (U.S.S.R.). The FGGE requirement of two polar orbiting satellites of the type described can be met at
any time from late 1974 onwards.
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Geostationary Satellites
Four geostationary satellites with appropriate spacing are needed to provide
necessary coverage for wind determinations in the tropics using sequential
cloud images. Current national plans are:

(i)

Meteosat: The target launch date for the European Geostationary
satellite has been fixed as late 1976;

(ii)

GMS: The Japanese geostationary satellite is being planned for launch
in late 1976;

(iii)

SMS I:

The first U.S. operational meteorological geostationary satel-

~will be launched in 1973 to initiate an operational series con-

tinuing through the 1970s;
(iv)

SMS 11: The second U.S. operational meteorological geostationary
satellite will be launched six months after the first to initiate a
second operational series continuing through the 1970s.

In addition there will be one geostationary satellite (ATS F) that will· be
launched in 1974 and will also provide some observing capability in the
Indian Ocean area. Thus, current plans indicate that a target date of early
1977 seems appropriate for the beginning of the FGGE.
(d)

Means for Obtaining Wind Profiles in the Equatorial Tropics
Extensive numerical experimentation has shown that there is a critical need
for wind profiles in the tropical zone (c.f. Doe. 3, pp. 53-55). In the
equatorial band looS-looN the WWW non-satellite network provides only 25%
of the data required.
Ocean ship stations with upper-air capability for winds are one way to fill
in these data voids. Carrier balloons at 30 mb flying in the equatorial
$tratospheric wind regime (which is highly zonal most of the time) could also
be used to deploy omega-dropsondes. Such dropsondes can also be deployed
from aircraft but with some loss of stratospheric data. In island areas and
over the continents, voids could be filled with temporary stations to provide
upper~air winds, either using radar theodolites or systems.
A combination of
a few or of all these techniques is also possible.
To provide the data coverage within the latitude band lOOS - looN during the
two Special Observing Periods (each one of a month'sdurationh it is recommended that about 200 carrier balloons be launched or that an approximately
equal number of temporary observing sites for upper-air wind observations be
established. Alternatively, a combination of these techniques could be used
for each Special Observing Period.
A major field test is planned for 1974 (in connexion with the Data Systems
Test during GATE) in which 20 large super-pressure carrier balloons, each
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carrying 64 dropsondes, will be launched from an equatorial site. The drops
will be made within the communication range of the SMS geostationary satellite.
To meet the FGGE requirement for wind profiles in equatorial latitudes by
using ships alone seems hardly feasible (more than 100 ships would be needed)
Under all circumstance~ however, some ships (approximately 10-20) will be
needed:

(i)

Some ships will be required even if carrier balloons are used for
obtaining vertical wind profiles since the spacing of the geostationary
satellites will probably be such that there will be some gaps in the
data coverage from carrier ballo~ns. Of the order of 10 ships would
. be required to fill such gaps;

(ii)

Some ships would certainly be essential to obtain the coverage required
for an adequate description of the Indian monsoono

It is an FGGE requirement that means be available for obtaining wind profiles
in the tropics with the required horizontal resolution as specified in
Doc. 3, pp. 20-21.
(e)

Constant-level Balloons
In view of the limited observing capability of the WWW non-satellite global
observing system in the Southern Hemisphere, the JOG considers it essential
to enhance the observing effort in the Southern Hemisphere to make FGGE a
truly global experiment.
Approximately 450 constant-level balloons for each Special Observing Period
launched from proper sites so that they are randomly distributed, would
provide the required wind, temperature, pressure and geopotential height
measurements at one level in the u er tro os here for the re ion 20° - 90 0 S
c.f. Doc. 3, pp. 140-141 •
Two projects have been established for exploring the possibilities to obtain
meteorological observations with the aid of balloons flying at constant
density surfaces at a 150-200 mb level:
(i)

In 1971)72 a successful experiment with 500 balloons
The experience from this
experiment indicated an expected mean life of 100 days (c.f. Doc o 3,
Appendix E);
Eole (CNESjNASA):

~arried out in the Southern Hemisphere.

(ii)

TWERLE (NASA, NCAR): In 1974, at the same time as GATE, 300 constantlevel balloons will be launched in the trepics. The experiment design
is based on a new random access Doppler navigation and data collection
system, to be carried on the Nimbus-F satellite.
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Drifting Buoys
A modest network of buoys in the southern ocean regions will be needed to
provide data in areas where persistent cloudiness interferes significantly
with satellite observations of the lower troposphere. Such buoys will also
provide means for the calibration of microwave radiometer techniques in
remote areas.
It is thus recommended
sea-surface temperature
the zone 5005 - 6505.

ressure and
deployed in

It should be stressed that measurements' of the temperature structure of the
surface layers of the oceans (down to the seasonal thermocline) would greatly
aid in modeling experimentation of the atmosphere-ocean interaction. We
therefore recommend these measurements in so far as they are feasible.
(g)

Automatic Land or Ice Stations
For a .proper modeling of significant physical processes at the earth's ~urface
in polar regions it is further recommended that for FGGE about 50 automatic
stations for surface observations be available in remote areas.

It is clear that some tradeoff between the proposed special observing subsystems may be possible. The extent to which this is feasible can only be judged
against the tentative contributions from nations that are expected at the Planning
Conference.
THE DATA COLLECTION AND PROCESSING SYSTEM
4.
The success of the FGGE will greatly depend on the availability of a data
collection and processing system in time for the launch of the experiment.
5.
An integrated plan for the data collection from the various sub-systems is
being developed; an outline of this is given in Doc. 3. The JOC judges it feasible
to have such a plan in operation by the end of 1976. Obviously the WWW plan for GTS
represents a necessary central part pf this data collection system. Its capacity,
as presently planned, is judged adequate provided that appropriate priorities for
transmission are agreed upon. The efficient functioning of the GTS, particularly the
links between WMCs, is vital for the FOOE.
6.
Methods for producing internally consistent global data sets must be available
at the time of launch of the FGGE. Four-dimensional analysis techniques will have
to be used for this purpose. The recent advances in this field show that it is
realistic to expect such techniques'to be available -and in use in about four years
time. This requirement can thus be satisfied in time for the FGGE provided that
adequate resources for the necessary adaptation of such methods to routine use are
made available. The preparatory work required and the operation of such a processing
system during the FOOE requires additional resources at the WMCs and some RMCs to
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handle the additional data flow ar1s1ng from the conduct of the experiment. Preliminary commitments of such resources, which include computers and staff, should be
made at the Planning Conference for FGGE.
REGIONAL EXPERIMENTS PROPOSED FOR THE FGGE
7.
The Monsoon Experiment. The FGGE Observing System will provide data during
the Special Observing Periods that should make it possible to study model capability
to simulate the onset of the south-west monsoon over Asia. In view m the great
importance of a better understanding of the governing mechanisms it is recommended~
(i)

that one of the Special Observing Periods during FGGE should coincide
with the onset of the monsoon (May-June 1977);

(ii)

that a plan for a limited study of some key meso-scale processes and/
or air-sea interaction processes be prepared and included as part of
the FGGE.

8.
The Polar Ex eriment POLEX. Energy transfer processes in polar regions
(partiCUlarly the Arctic are inadequately understood to be included properly in
general circulation models. It is recommended that some special observational efforts
be planned and included in the FGGE.
It should be emphasized that the inclusion of such sub-programmes of the FGGE
must in no sense decrease the prime resources listed above.
ONGOING TECHNICAL AND SCIENTIFIC ACTIVITIES

9.
The following activities ~r plans) have been carried out during the past few
years and are expected to continue during the years to come.
(i)

Optimization of the Observing System
Numerical experiments have played a vital role in the current definition
of the observing system. Additional experiments are expected to
define the observing system even further, particularly as the commitments of countries are established;

(ii)

p

GATE, an Important Step towards FGGE
The three months period of GATE ~uring the summer of 1974 should be one
of exceptional effort on the part of all observing system participants
to provide the most complete data set possible. Such a set will contribute to the objectives of the Data Systems Test (see below) and at
the same time permit the study of the detailed information aquired in
the GATE network in relation to the global circulation;
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Organization of Data Systems Test
A Data Systems Test with the new observing systems is being planned
by the U.S. for 1974 in order to detect and repair insufficiencies
in the systems planning to date. This test will provide a wealth of
additional data to those national groups interested in gaining experience in utilizing non-synoptic observations in numerical simulation
experimentation and the development of four-dimensional assimilation
schemes}

(iv)

AMTEX
The Air-Mass Transformation Experiment to be conducted in the westernmost Pacific Ocean in the winter of 1974 and 1975 is of central
importance for the development of parameterization procedures regarding
surface-boundary layer transfer and convection in continental air
masses moving out over the ocean. It should contribute substantially
to further improvements of the numerical models to be used during the
~~

(v)

Basic Research
During the period leading up to the FGGE the research and numerical
experimentation programme being carried out with the active cooperation of the GARP Associate Research Centres will be intensified.
This programme will include further development of four-dimensional
assimilation methods, data initialization, developing and testing of
sophisticated parameterization schemes, continued development of
numerical methods of extended range forecasting and general circulation
studies.
TIMING OF THE FGGE

10.
In view of what has been stated above regarding the development of the various
elements of the FGGE and the associated activities, both ongoing and planned, the
JOG proposes the beginning of 1977 as a target date for the launching of the FGGE.
This is made on the assumption that:
(a)

the components of the observing system as summarized above are preliminarly
committed at the Planning Conference;

(b)

the nations judge it possible to provide sufficient resources to develop
further those elements of the experiment that will have to be agreed upon
during the next two years;

(c)

action is taken at the Planning Conference to set up the necessary machinery
to work out a detailed operational plan for the experiment (attention is
drawn to the recommendations stated in JOG-VI, p. 22);
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a conference for an overall technical review of the programme be held late
1974 or early 1975 to reach agreement on the operational plan for the experiment.
MAJOR MILESTONES IN THE PLANNING OF THE FGGE

1972

Decision at Planning Conference to conduct FGGE in 1977. Preliminary commitments by the countries participating in the experiment. Of particular
importance are the commitments for the space components of the observing
system~ but elements of the WWW are also critical for the experiment as
visualized.

1972-74 Final commitments for experimental sub-systems and regional experiments.
preparation of an operational plan.

The

1973-74 Organization and conduct of Data Systems Test in order to detect and repair
insufficiences in the system planning to date
1974

GATE. A preliminary trial of some parts of the FGGE Observing Systems
extraordinary collection of data within the framework of WWW.

1975

A technical review conference early in the year at which the operational
plan agreed upon.

1976

Implementation of the observing and data processing systems for the experiment.
Quasi-real time meteorological data assimilation starts approximately three
months before FGGE.

1977

FGGE begins immediately after the main observing sub-systems, particularly
the four geostationary satellites, start operating satisfactorily. This is
expected to tak~ place in the beginning of 1977. To obtain one complete year
of dat~ it is proposed that the FGGE last until July 1978.
Two special one-month observing periods are scheduled six months and twelve
months (approximately) after the beginning of FGGE, one of which should encompass the period of the onset of the Southwest Monsoon in the Indian Ocean.

The time schedule for the planning of the FGGE is presented graphically in
Appendix A.
The detailed definitions of the five important phases (adopted by WMO and
ICSU) in the planning of the GARP Sub-programmes are given in Appendix 8.

Appendix A
TIME SCHEDULE FOR THE PLANNING OF THE FGGE
A.
Scientific
requirements

This phase is essentially finished. However, further numerical
experimentation will be carried out in order to further clarify the
nature of the dynamic coupling between the various variables which
define the large-scale state of the atmosphere.

B.

This phase is almost finished. Further numerical experimentation
for more precise definition of the observing system in critical
areas. The design of these experiments are dependent on the commitments of the countries.

Planning of
the observational programme
C.
Planning the
implementation

Establishment of
mechanisms for coordination of national efforts

Co-ordination of national efforts regarding
the observing system/the
data processing system
and research

Organization of
Data Systems Tests
(DST)

E.

Development of four-dimensional assimilation methods, data initialization, parametrization schemes, numerical models for extended range
forecasting, general circulation studies and climatic prediction, etc.

1973

1

Data Systems Test
GATE

1974

Planning Conference
on FGGE, September 1972

1975

1976

I
I
I
I
I

I

I
I
I
I
I
I
I
I

I
I
I

.

Implementation of the I
observing data proces- I
sing systems
:

D.
Implementation

I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

Finalization of the
detailed operational
plan for the experiment

Technical review conference.
Agreement on the operational
plan

Final commitments for special
sub-systems and regional
experiments

Research
and
evaluation

I
I
I
I
I

I
I
I
I
I
I

1977

FGGE

~

Z

I'T1
X
H

<

Tests of numerical models
using real data. Predictability experiments.
Design of global obs.
systems, etc.
1978

ti
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Appendix B
STAGES IN PLANNING AND IMPLEMENTING
GARP SUB-PROGRAMMES*
(Approved by the Executive Committees of WHO and ICSU)
PHASE A: Scientific requirements
The objective of this phase is to prepare a Clear statement of the specific
problems to the solution of which the GARP sub-programmes are directed. The outcome
of this phase would provide all the necessary information to design the field
experiment or experiments, such as location, timing (initiation and duration), type
and density of observations to be taken.
The primary responsibility of this phase rests on the JOC. The actual work
to be carried out by the JPS with the assistance of consultants or, alternativel~
by a working group of specialists in the field.
~s

PHASE B: Planning of observational programme
The task of this phase is to produce an integrated plan which includes all
the observing systems needed to meet the requirements established in Phase A, taking
into account all existing facilities in the operational WWW system.
The work should be carried out by the JPS in close collaboration with the
WHO Secretariat. The JOC has a supervisory role and has to submit the plan for the
observational programme for approval by the Executive Committees of WMO and ICSU.
PHASE C:

Planning the implementation

This phase would require the establishment of a planning body, such as a
working group or an international committee, whose members have experience in the
logistic aspects of atmospheric field experiments and are related to the governmental
agencies which would be involved in the implementation of the sub-programme.
The JOC has to ~erform a co-ordination role in so far as there will be
interaction and feed-back between Phases A, Band C.
The appropriate planning body is to be appointed by the Executive Committees
of WMO and ICSU and will be assisted as required by the JPS and the WHO Secretariat.
p

*

Reproduced from Section III of Appendix 11 to
"An Introduction to GARP" (GARP Publication Series No. 1).
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Implementation

The primary responsibility during the implementation phase rests on the
participating countries.
For this stage, and perhaps starting already at Phase C, it may be necessary
to appoint a project manager. The JOC would act at this stage in an advisory
capacity as regards the actual implementation but would retain responsibility for
ensuring the scientific direction of the programme.
PHASE E:

Research and evaluation

It is expected that the research problems for which each sub-programme is
supposed to provide specific answers will be undertaken by various research groups
in the universities, the academies and the meteorological services. The evaluation
of the results would be their primary responsibility. The JOC would have a coordinating role and would be responsible for submitting to the Executive Committee
a consolidated report with recommendations for further action.
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STATEMENTS BY PARTICIPANTS ON POSSIBLE CONTRIBUTIONS TO THE FGGE

Members of WMO

ALGERIA
Strengthening of the synoptic and upper-air observational network.
Installation of transmitting and receiving equipment at the RTH Algiers, in
accordance with the WWW plan.
Automation of the RTH Algiers. High speed inter-regional transmission.
These operations are at present being carried out.
Installation in the near future of the RMC Algiers, specIalizing in arid and
semi-arid areas. Studies in this field will be undertaken.

ARGENTINA
The contribution by Argentina, in addition to the commitment under the World
Weather Watch, consists of "constant-level balloons" and "drifting buoys".
This contribution may be compared with that of countries making the greatest
contribution in the above-mentioned fields. It can be said, in principle,
that with regard to "constant-level balloons" a contribution will be made
similar to that undertaken in collaboration with France in the EOLE experiment and with regard to "drifting buoys" in addition to contributing to the
deployment of the buoys it is thought that it will probably be possible to
contribute a part or all of such buoys.

p

AUSTRALIA
The Global Experiment
The Australian position is that in proportion to such factors as population
and resources, Australia already contributes more than most other countries
to meteorology. While the importance of FGGE is recognized, there will be
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many other calls on Australian manpower and resources in the coming few years
and it will be difficult for the Australian Government to support additional
effort. At this stage, no commitments can be made concerning any of the special observing systems for the experiment.
With regard to receiving and disseminat~ng FGGE data via the WMC GTS connexions, depending on the availability of manpower and finance, Australia
would provide adequate facilities.
With regard to processing and storage of FGGE data through the WMC computers,
depending on the availability of finance and manpower resources, Australia
would endeavour to provide adequate facilities by 1977.
Depending on availability of funds and suitable operational buoys, Australia
would be prepared to give consideration to the deploying of buoys for FGGE.
Australia has closely participated for some years in planning and discussing
the GHOST constant-level balloon programme. In view of the fact that these
balloons will offer the only means of establishing pressure reference levels
in the southern hemisphere, if funds are available, Australia would give
serious consideration to assisting in this programme.
Australia has agreed to assist in test flights of carrier balloons early in
1973 by providing launching facilities and tracking. Such support would also
be available for FGGE but no financial participation could be offered.
Ship stations: Australia would be prepared to consider the matter subject
to funds being available. Also with the same proviso, Australia would consider making upper-air observations from merchant ships.
Due to the present indefinite stage of the discussion, no firm decision can be
taken concerning the Japanese satellite but there is a very strong interest
in the project and Australia hopes to be able to participate to some degree.
The World Weather Watch and the FGGE

Subject to satisfactory operational evaluation of the current experiment to
produce temperature profiles from clear column radiance data for the southern
hemisphere, Australia could undertake to process and disseminate this type of
information.
Australia would consider performing analysis of constant-level balloon data
for reference level purposes.
(Australia expects 50% of its radiosonde network to achieve the 10 mb level
once per day. Depending on manpower and finance resources this could increase,
but it appears unlikely that all stations will be able to achieve 10 mb, four
times per day upper wind and twice per day radiosonde).
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Australia considers that in view of the importance of increase in capability
of the basic upper-air network, and the processing of radiance data and constant-level balloon data, it would not be in a position to provide resources
for operational cloud analyses to derive winds in the tropics.

Depending on availability of manpower and finance, Australia will establish
a high-speed data fax transmission system connecting to Tokyo and New Delhi
for operation before 1976.

The present Melbourne WMC computers will be fully committed by 1975 in
meeting WWW requirements for data processing, storage and retrieval.
If these computer facilities have been expanded by 1977, the additional
requirement for FGGE, especially archival hemispheric analyses on data available at H + 24 and addi Honal GARP hemispheric analysis, storage and retrieval,
could be met.

BELGIUM
Belgium will participate by contributing to the METEOSAT project.

BRAZIL
Unfortunately, so far Brazil has no plans regarding our contribution in the
instrumental field, but on the observational side we intend to support the
FGGE in the same way as we are doing with GATE, subject to a more detailed
list of requirements for specific contributions before we are able to commit
ourselves.
Nevertheless, we are already aware that the requirements for the FGGE will entail a heavier burden on our efforts to bring our services up to date, especially in the telecommunications field. We are already doing our best to be
ready and comply with WWW requirements and we expect that the FGGE will not
come up with more sophisticated equipment and requirements making it necessary
to drastically change our present plans.

CANADA
Canada fully

s~pports

the objectives of GARP and the FGGE.
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Canada will continue to expand and up-date those elements of the GOS, GTS
and GDPS for which it is responsible under WWW.This includes continued
research and development of operational models and sub-models of the atmosphere for use in the northern hemisphere.

Canada anticipates that it will be able to contribute to FGGE by identifying
deficiencies' in the observational capability over Northern and Arctic Canada,
and its north-east Pacific Ocean, in particular these areas where persistent
cloudiness interferes significantly with satellite observations of the lower
troposphere; and, implementing by 1976 a supplementary programme using:
automatic recording weather stations remotely located;

and

simple drifting buoys
both adaptable to some form of a location and data relay system.

Egypt is interested in GARP and its different experiments, including FGGE.
It is,therefore, willing to participate in FGGE through the WWW and research
facilities of the Egyptian Meteorological Authority.
The Egyptian Meteorological Institute for Research and Training is being
provided with an IBM computer 370/145. Research work has already started in
the field of numerical weather prediction and in constructing the numerical
weather prediction models appropriate to the region covering the tropical and
subtropical parts of Africa and the vicinity. Moreover, the baroclinic models
incorporate all the possibly handleddiabatic and boundary layer effects. In
addition, the lateral boundary conditions will be studied thoroughly to avoid
unnecessary noise and boundary errors. By the time of the FGGE, Egypt will no
doubt be capable of participating effectively in this field. Furthermore,
studies are being made on radiation, ozone and air pollution.
In the field of WWW, particularly in the GTS, RTH Cairo is on the Main Trunk
Circuit. The developments now going on for the automation of the Cairo RTH,
including the introduction of telecommunication computer, indicate that there
would be no problem in exchanging the data required for that experiment,
besides our obligation to the exchange of the normal real-time data required
for the WWW.
As for the meteorological personnel, the Egyptian Meteorological Authority
now has 200 Class I meteorologists (University Graduates), and with the present rate of growth, we feel that it will have the necessary number to cope
with the responsibilities of the operation and the research aspects.
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FINLAND
Observing systems
The network of conventional observations in Finland already fully meets the
requirements of WWW.
During three successive years Finland has contributed to VAP (ES) by establishing radiosonde and radiowind stations mainly in the GATE area.
It is planned to continue with this activity during the coming years to support the observational programme of FGGE.
Data collection, transmission and processing
The tasks designated to the National Meteorological Centre in Helsinki within
the WWW 1971-1975 plans will be met in early 1973.
Scientific objectives
The research in the field of numerical weather prediction will be inte~sified
and will most likely include development of four-dimensional assimilation
methods.
In view of the extended time period in question the above plans and some possible additional sub-programmes are subject to budgetary approval.

FRANCE
Possible French contribution to the first GARP Global Experiment
As regards financial arrangements, the French contribution is subject to the
same restrictions as those already mentioned by the representatives of other
nations. In view of the fact that the experiment will only take place in
five-years time, these financial arrangements will fall within the scope of
our seventh plan. Furthermore, we are inclined to think that during those
five years there is a possibility that new techniques may be developed.
In view of the foregoing, the French contribution could be as follows:
Non-conventional facilities

Participation in the European METEOSAT programme under ESRO.
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Launching of drifting balloons at high- and low altitudes localized by
the satellite Nimbus-F.
Ori fting buoys.
Markers set up on icebergs in the Antarctic Ocean.

Possibility of measurement of water conte~t condensed from cloud by indirect
techniques from satellites (at present being developed).

Meridional cross-section 70 0 W:
in EXAMETNET.

continuation of the present participation

Meridional cross-section 70 0 E: prov~s~on made for national participation
(launching in the Kerguelen Islands).
Conventional facilities
World Weather Watch: implementation of the plan will be continued and
France will meet her commitments.
With regard to additional facilities to be set up in tropical regions,
where wind measurements are important, it is impossible to commit ourselves for the moment. It is probable that certain facilities used for
the GATE may also be available for the FGGE, for example a research ship
equipped with Omega.
Automatic stations: a special effort will be made in this field but will
be subject to the availability of funds under the budget.
Computins facilities
The computing facilities -available in France in 1977 will meet requirements
and cONputers of the generation in service at that time will be used.
Scientific personnel
France will probably not be able to detach scientific personnel for duties at
foreign centres and will deal with studies relating to the FGGE experiments on
a national scale.
-Telecommunications
The French delegation wishes only to express its fears that certain circuits
may be working to their absolute maximum capacity under normal operation of
the WWW and that real-time routeing of FGGE data may be impossible in practice.
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GERMANY, FEDERAL REPUBLIC OF
The governmental authorities and the scientific bodies in the Federal Republic
of Germany are fully aware of the importance of FGGE for the progress in
meteorology. Therefore the Federal Republic of Germany intends to contribute
within its abilities to FGGE, similar as it intends to do to GATE.
However, there is almost five more years to go until FGGE is supposed to be
launched. This time span seems to be too long to commit at this stage; this
especially because the required budget allocations cannot be planned that far
in advance. Regarding the availability of research vessels it has to be
mentioned that the ships are operated by other agencies and the sailing schedule has to be negotiated in due course.
The presumable contributions to FGGE, as anticipated from today's standpoint,
may be summarized as follows:
The Federal Republic of Germany will fulfil all its commitments within the
WWW system that concern the observational programme as well as the provision
of the telecommunication facilities in the GTS.
The Federal Republic of Germany will try to make those research vessels which
are planned for participation in GATE again available for FGGE (for the two
main observation periods).
The Federal Republic of Germany plans to acquire Omega equipment to be used
on a research vessel during GATE. This equipment then will be available for
FGGE.
The Federal Republic of Germany will conduct upper-air soundings from commercial ships.
The Federal Republic of Germany is a contributor to METEOSAT.
The Deutscher Wetterdienst will have a new computer (10 MIPS) installed in
Offenbach by 1975. This computer will have enough capacity to enable it to
be put at the disposal of the FGGE for certain tasks, not yet defined.
The Deutscher Wetterdienst intends to have available at the RMC in Offenbach
facilities for storage and retrieval of data in the WWW system.
In the Federal Republic of Germany a loosely connected group of scientists
is dealing with a "Simulation Programme for General Atmospheric Circulation"
called "SPAAZ". This group co-ordinates and initiates basic research in connexion with the scientific objects of FGGE. There are other research groups
dealing with problems such as boundary layer, radiation problems, analysis
of large-scale atmospheric fields, etc.
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INDIA
The national Meteorological Service of India would like to extend its support
to GARP and the First GARP Global Experiment (FGGE).
India's main interest is in a regional experiment associated with FGGE. This
is an air-sea interaction study of the summer monsoon over the Arabian ·Sea.
The details of the experiment, abbreviated to MONEX, have been provided in a
separate document to this Conference, in which the logistic support needed
for this experiment is given in some detail.
India would be happy to provide facilities acquired under the aegis of WWW to
FGGE and MONEX. In this context, I should like to report that the RMC, and
the RTH, at New Delhi have already commenced operations. Considerable programming effort has been put into the development of simple barotropic and
baroclinic models at the RMC. At present prediction charts based on these
models are disseminated to national forecasting centres thrice a week. The
RMC computer is expected by the end of 1972, and we expect to make it operational by early 1973. The RTH has very recently upgraded the speed on the
Moscow-New Delhi segment of the Main Trunk Circuit. It operates as a torntape centre at present, but is expected to be a computer equipped automated
centre by 1974-1975.
Considerable progress has been achieved in the fields of weather radar and
APT equipment. A new cyclone warning radar has just been installed in one
of our forecasting centres, and two more are expected before the end of 1972.
These facilities woyld be made available for FGGE and MONEX.
Steps are also under way to improve the island stations in the Arabian Sea
and the Bay of Bengal. This, together with other improvements in the network
of surface and upper-air observations over India will be carried out in a
~ased programme as. part of the GOS component of WWW.
As far as geostationary satellites are concerned, India would like to collaborate with Japan. In this context, we are concerned with a gap of about 100
width, which has been left uncovered by .the fields of view of ESRO and of Japanese
geostationary satellites. As this area is of interest for the MONEX experi~ent, we would appreciate measures to close this gap.
India has drawn up
plans to set up a station for providing service data for the Japanese geostationary satellite. Plans are also being developed to establish four data
utilization stations in India for the reception of processed data relayed
through the satellite.
Some progress has been made in acqu~r~ng a research vessel for air-sea interaction studies in India. This is expected to become available by 1975-1976.
Preliminary planning has just started on ocean buoys. It is not possible at
this stage to state when these will become available.
This brief summary provides the type of support India expects to make towards
FGGE and MONEX.
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IRELAND
No definite commitment can yet be made with regard to participation by Ireland
in GARPo
However, in the field of dynamical meteorology, the Irish Meteorological
Service has an officer on full-time study of a global model of the atmosphere
(in collaboration with other international groups) from which it is hoped to
make a useful scientific contribution.
In addition, it is hoped, in the next few years, to have an additional radiosonde station in operation in the south-eastof Ireland, and to take part in
the ESRO METEOSAT project.

ISRAEL
Scientists, both in theoretical and in applied meteorology, in Israel, very
much support the FGGE.
We expect the data to be produced by the FGGE and the WWW to find several uses
in relevant resear~h aAd also applications in Israel.
Institutions in Israel are prepared to take part in the data analysis (at
least up to and including Level 11) of atmospheric data remotely sensed by
satellites, especially the ESRO METEOSAT.
The development of the necessary programmes is underway. However, any standard FGGE or WWW data analysis schemes can be accommodated by our analysts
and computing facilities. The development or use of relevant programmes and
techniques should be greatly facilitated by the existence in Israel of modern,
fast computers (e.g. CDC 6700 and IBM 370/165) and experience and expertise
in large-scale data processing and analysis.
Institutes in Israel are prepared to contribute part of the use of their
facilities and capabilities in these fields to the FGGE in particular and to
the WWW in general, if requested to do so.
Secondly, and no less importantly from the standpoint of getting governmental
support, the data from the FGGE and WWW will be used in our research and
applications in regional NWP. In this context it should be mentioned that
planning is underway for a METEOSAT receiving station.
Lastly, we hope to have by the time of the FGGE an operational, real-time,
computer-operated sferics detector for the location of cold fronts in the
Mediterranean and Middle East regions.
More active government support for our preparatory work for the FGGE and
possible participation in experimental sub-programmes may be contingent upon
definite policy statements and time-tables from this Conference.
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ITALY
Planned contribution
The contribution of the Italian Meteorological Service to the First GARP
Global Experiment follows from the participation of Italy in the international
programmes of the World Weather Watch and in the European meteorological
satellite. These programmes are, as is known, basic for the realization of
the observing and data-processing systems of the FGGE.
The participation of Italy to the WWW is s~mmarized from the engagement of
Rome to contribute to the Global Observing System and to act as a Regional
Meteorological Centre in the Global Data Processing System, and as a Regional
Telecommunication Hub in the Global Telecommunication System. We can confirm
that these activities are continuously in progress, and will be fully operational by the time of FGGE.
As far as the European space programme is concerned, Italy is participating
in the ESRO programme for the geosynchronous satellite named METEOSAT.
Possible supplementary contribution
Besides the planned contribution to the FGGE through participation in the
operational programmes of the WWW and METEOSAT, the Italian Meteorological
Service has the intention of doing its best to help with possible requests
which the JOG would feel necessary to put forward, both in the field of observations over the Mediterranean area and in the field of electronic data processing.

IVORY COAST
We think that we shall be able to carry out theWWW plan as laid down concerning
surface observations.
With regard to upper-air observations we shall also be in a position to meet
our commitments with the assistance, of course, of certain Members either
under VAP or under bilateral agreements.
Thus., our contribution forms part of the implementation of the WWW plan.

JAPAN
The satellite programme
Japan is making every effort to develop the Geostantionary Meteorological
Satellite to meet the requirements for the FGGE. Co-operation from many other
countries on this matter is expected.
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The oceanographic programme
Japan is also planning to install several ocean buoys around Japan.
The AMTEX programme
Before the FGGE period, air mass transformation experiments will be carried
out in the area around the south-western islands of Japan in the winters of
1974 and 1975. Present participating countries are Australia, Canada, U.S.A.,
and Japan. Participation from other countries is welcome.

KENYA, UGANDA AND TANZANIA
Mr. Tewungwa stated that the presence of so many eminent professors was a good
sign for the success of the FGGE, since high-level scientific planning and
management was essential for the success of an experiment of this magnitude.
He expressed a fear, however, that there was a possibility of treating the
results of the experiment as of purely academic and theoretical interest.
This, he continued, would kill the enthusiasm of many members. He suggested,
therefore, that in order to maintain this enthusiasm and support for the FGGE,
efforts should be made to incorporate in its aims and objectives a desire to
use the results to improve the practical application of the science of meteorology. He further suggested that a feedback mechanism must be devised, whereby
results of practical significance would be disseminated to Members in a language and presentation that is readily understandable.
On the question of contributions by Kenya, Uganda.and Tanzania to the FGGE,
Mr. Tewungwa stated that it was premature to make any firm commitment. However,
he stated that by 1977, it is planned to have in East Africa more than 55
synoptic stations, six upper-air stations, three APT stations and a viable RTH
and that these faciiities would be put at the disposal of the FGGE as and when
requested.

MADAGASCAR
In view of the situation of Madagascar in the Indian Ocean and the limited
number of meteorological stations in the region (which would probably reduce
the possibilities for studies of forecasts) it is the satellite projects which
interest us more particularly.
We have at present 26 synoptic stations, two radiosonde stations, a radiowind
station and a station with an APT receiver.
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Within our present capabilities from the point of view of observations these
stations could be made available on request. However, we cannot accept any
far reaching commitments since, due to economic problems, the data might not
be of the quality which is expected for the FGGE.
Some external participation, particularly of an economic nature, for the
improvement and subsequent maintenance of instruments and the improvement of
measurements wouid be of interest.

NETHERLANDS
Meteorologists of the Netherlands support the plan for the First GARP Global
Experiment. However, our first concern is the possible participation of the
Netherlands in the GARP Atlantic Tropical Experiment. Later on we certainly
will investigate possibilities of contributing to the FGGE, probably by
participation in one of the so-called special observing sub-systems.

NEW ZEALAND
As a southern hemisphere country New Zealand is especially interested in means
of getting a comprehensive set of data from large oceanic areas. It has under
consideration the following possible contributions to the First GARP Global
Experiment:
Constant-level balloons: Good testing and launching facilities are available
at Christchurch, where launchings of experimental balloons have been made over
the last six years under the United States-New Zealand Upper-Air Observing
Programme (GHOST Project). New Zealand would increase its support if needed
for an operational balloon programme.
Conventional upper-air observations: Of the 12 upper-air stations operated
by New Zealand, six are on small islands of the Pacific. Installation of
radar wind measuring equipme~ is proceeding at two islan~ stations hitherto
equipped only with radiosondes (Raoul Island and Chatham Island). New Zealand
could consider the possibility of operating additional stations (perhaps on a
temporary basis) if the high cost of establishing and maintaining stations on
remote islands seemed to be justified by the results likely to be obtained.,
Automatic weather stations: If automatic stations with sufficient reliability
for long unattended operation should become available at a reasonable price,
New Zealand could consider establishing some on remote islands.
Floating buoys: If floating buoys (preferably anchored) should become available at a modest price, New Zealand would consider deploying some.
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Data processing: Facilities at the Wellington RMC are expected to be adequate
for handling the appropriate Level 11 data of the FGGE in addition to the
regular data of the WWW system.
The priorities New Zealand would give to the proposed contributions will be
influenced by the conclusions of this meeting on the most effective contrib~
tion of observing systems to meet the FGGE objectives in the southern hemisphere.

N1GER
1 om speaking, not to inform you of what my country could contribute to the
first global experiment, but rather to draw your attention, and that of the
Members of this Organization, to the need to provide certain strategically
situated countries (from a meteorological point of view) with up-to-date
instruments or even automatic stations.
My country, and many others, can only offer you the facilities of their
existing synoptic and upper-air networks, and these are, of course, not
sufficiently dense or sophisticated.
However, if the WMO expects from us effective participation in the First GARP
Global Experiment, 1 feel that they have a responsibility to ensure that we
are adequately equipped, even if only during the period of the experiment.
As you are aware, there are VAP-UNDP projects aimed at financing the installation of radars, APT stations or radiosonde and rawinsonde stations in certain
countries. 1 therefore suggest that at the conclusion of, or during, this
Conference l the WMO Secretariat, and the members here present, should make
the necessary arrangements to speed up implementation of these projects.

NORWAY
Norway plans to contribute to the observational systems by placing some moored
buoys at suitable locations in ocean areas.
The buoy system can observe wind force, wind direction, air temperature, air
pressure, sea-surface temperature, and possibly the temperatures close to the
thermocline.
Norwegian scientists will continue their research on various data processing
problems related to the fulfilment of the FGGE objectives.
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PERU
The Delegate of Peru, Mr. Jaime Alvarez-Calderon, congratulated Mr. A. Nyberg,
Sweden, on being elected as President of the meeting. He stated that although
his government had not found it possible to send a technical delegation to
the Conference, it had given appropriate instructions to the Permanent
Delegation in Geneva.
The Delegate indicated that his government was taking a great interest in the
First GARP Global Experiment and supported it in principle. He added that
note would be taken of the conclusions rea~hed concerning requirements for
planning and observations, with a view to considering possibilities of collaboration by Peru, as far as circumstances will allow.
He confirmed the undertaking given by Peru to operate a radiosonde station in
Amazonia in Peru at Iquitos, starting in 1973 with the assistance of WMO/VAP.
In conclusion, he expressed appreciation for the valuable documentation concerning the experiment which had been distributed. This documentation would
be forwarded to the Government of Peru together with documents issued during
the Conference, in order that the competent national authorities may submit
their remarks and views.

SOUTH AFRICA
No decisions have been taken yet about the South African contribution to the
FGGE, but it has been indicated that the relief ship to our Antarctic station
could assist with the deployment of buoys. It is possible that by 197~ a
larger and better equipped ship than the present one will be available, so
that oceanographic and full meteorological observations could be made. There
will be space for helicopters.
A "weather ship" has been maintained during the past two years at a station
about 500 miles south-westof Cape Town (400 S, lOOE). Due to manpower problems
only two observers can be kept on b~ard so that only one radiosonde sounding
(no wind) and the 3-hourly standard surface observations ~re being made. With
three observers, two soundings per day could be made. Consideration is being
given to introducing Omega windsoundings. The ship will be maintained during
the foreseeable future. (It might be of interest to state that the ship is
a whale-catcher chartered for about $200 000 per year, this being only 20 per
cent, or less, than the cost of maintaining a weather ship in the northern
hemisphere. It operates on a 30-day cycle, being "on-station" for 21 days,
four days en route and five days in port. It would be possible to operate a
3-ship-2-station scheme, doing two soundings per day for about $750 000 per
year. This includes pay and equipment).
South Africa is attempting to implement its WWW obligations fully.
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Attempts to establish a manned station on Bouvet Island have been shelved
for the moment. Plans are going ahead for putting an auotmatic station on
the island.

SUDAN
One additional radiosonde station will operate very soon with contributions
for the YAP. Another radiosonde station will be strengthened under YAP to
make two ascents a day instead of one every other day.
It is planned to establish five surface synoptic stations during the next few

years to improve the observational network.
The telecommunication system will be improved considerably to collect the
national data and pass it to the regional centre.

SWEDEN
Sweden has the intention to support the FGGE but cannot at this time commit
itself as to the amount of expenditures involved.
In addition to implementing fully its part of the WWW, including the RMC and
RTH of Stockholm, Sweden is considering a special effort in the field of
assimilation of non-synoptic data, including development of computer systems
for operational application as well as scientific investigations.
Sweden will also participate in the METEOSAT programme.

SWITZERLAND
Switzerland is already participating in the preparation of the FGGE in the
form of activities within ESRO for the development of METEOSAT.
In document 6 under paragraph 5, provision is made for possible parameteriza.;.,
tion of active gases - such as the photochemistry of ozone, for example. Measurements of ozone made regularly in Switzerland could be somewhat increased
for the FGGE.
It is difficult to foresee at present what the importance of radiation mea-

surements
Radiation
charge of
ments for

made during the FGGE will be. Switzerland, which has the World
Centre at Davos would be prepared, before FGGE, to organize and take
at least the work nece~sary for the calibration of the various instruthe measurement of radiation which will be used during the FGGE.
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Various contributions would, of course, be subject to the approval for the
funds requested being given by Parliament.

TANZANIA

UGANDA

(see under Kenya).

(see under Kenya).

U.S.S.R.
The Global Atmospheric Research Programme represents an international scientific undertaking which is unique in its possibilities and requires enormous
efforts. This alone raises hopes that we will attain our objectives as a
result of implementing this multilateral programme and especially its culminating point - the First GARP Global Experiment. And the primary target that
we are aiming at is to obtain a reliable, objective, numerical method for
long-range weather prediction. Long-range forecasts are very much required
by everybody; therefore, we believe that no meteorological service can afford
to abstain from the GARP activities but should determine its possible contribution to the implementation of this programme.
At the Brussels conference on GARP planning in March 1970, Academician
E. K. Fedorovcalready spoke about the plans of the Soviet scientists in this
respect. Apart from the participation in preparing and fulfilling the two
main international experiments - Tropical and Global - the Soviet scientists
suggested several supplementary sub-programmes or experiments, which are to
contribute to the GARP implementation. I will recall some of them:
The Polar Experiment (POLEX) whose task is to investigate the interaction
of the atmosphere and the ocean in the Arctic with the presence of partial
or continuous ice cover, and to determine the energy exchange between the
temperate latitudes and the polar regions.
The Complex Atmospherics Energetics Experiment (CAENEX) - to investigate
the transfer of all kinds of radiative energy in the atmosphere and to
work out recommendations as to how this energy could be taken into account
in the calculations of the dynamics of the atmosphere.
Expeditionary work on rocket soundings of the atmosphere in the equatorial
latitudes in order to find out the pecularities of the quasi-biennial
periodicity of the circulation in the low stratosphere.
Various kinds of numerical experiments relating to the global scale
processes.
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An important role of modification of various local and synoptic scale
atmospheric processes was pointed out.

Work has already been started on all these programmes enumerated above.
Furthermore, a three-month expedition to the tropical Atlantic has just been
completed by way of preparation for the international tropical experim~nt and,
according to preliminary rep6rts 1 this expedition yielded some unique material.
The following could be said about the contribution of the U.S.S.R., to the
observing system:
The "METEOR" operational satellite system will consist of two to three
continuous action meteorological satellites on polar orbits. This system
will provide an almost complete coverage of the entire globe with two
observations per day. The system will permit the obtaining of cloud field
images in the visible and infra-red parts of the spectrum, spectrometric
and actinometric data and the Earth's surface condition. A few dozen
vertical temperature profiles could be reconstructed on each orbit from the
spectrometric data. TV and IR images would be obtained both in the storage
mode and in the direct transmission mode.
.
Experimental meteorological satellites will serve to improve the measurement techniques, in particular to test the method of obtaining vertical
profiles of humidity. Satellites of this type, while on the orbit in the
course of the First Global Experiment, will certainly yield useful supplementary information.
The construction and launching of a geostationary satellite for meteorological purposes is under consideration. The completion of this work
should coincide with the conduct of the first Global Experiment. We feel
that in national and international interests this satellite should be
positioned over the Indian Ocean. A more precise indication of the location
of the satellite could be given later.
To carry out the First Global Experiment, some 5 to 7 special research
vessels will be used, and these will be equipped - besides the conventional
set of meteorological instruments - with special laboratories permitting
the study of the fine structure of the atmospheric and oceanic boundary.
layers as well as to fulfil a broad compiex of oceanological measurements.
Buoy stations in the oceans and automatic drifting stations in the polar
regions will be installed in connexion with various scientific investigations; these data can also be used for the purposes of the First Global
Experiment.
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Finally,.we should refer to the existence of rocket stations along the two
selected meridians in the Eastern and Western hemispheres. The data from
these stations will help to construct vertical atmospheric profiles from
the Arctic down to the Antarctic. Rocket stations belong to different
countries, and with appropriate co-ordination of work good data can be
obtained for the purpose of the First Global Experiment.

UNITED KINGDOM
The United Kingdom is expected to contxibuteto the FGGE in the following ways:
Provision of radiometers for the United Kingdom TIROS N series of satellites
to provide soundings of stratospheric temperatures to supplement the tropospheric data provided byU.S. radiometersonthe same satellites. In addition
the Nimbus F satellite, due to be launched in 1977, will carry a U.K. pressure-modulated radiometer to made soundings of the stratosphere and mesosphere;
Participation in the European METEOSAT programme including processing and
utilization of the data;
Implementation of three additional upper-air sounding stations at Mahe
(Seychelles), Tawara and Funafuti, and some additional surface stations as
part of the WWW programme;
Preparation of world-wide analyses and data sets for stratospheric levels
based on satellite sounding data;
Numerical prediction experiments based on FGGE data carried out by both
meteological office and university research groups.
In addition, we shall explore the possibilites of providing and deploying
buoys in the southern oceans by ships travelling to and from Antarctic and of
contributing to special efforts to obtain wind soundings in the tropics, per
perhaps by Omega soundings from ships and islands.

U.S.A.
The principal contributions to the FGGE presently being considered by the
United States of America are described below. The programmes described do not
represent commitments of the United States Government but rather those now
planned. Actual implementation of these programmes in some cases depends on
the appropriation of additional funds.
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Data Systems Test

The U.S.A. plans to conduct a broad operational test using a mix of conventional weather data from U.S. operational satellites and research and development satellites, and data from special balloon systems to test out concepts,
components, data processing plans and data utilization plans being proposed
for the FGGE. The test is planned to overlap the GATE period.
Satellites
e2!9~=Q~~!!!ng_~g!~!!!!~~. The U.S.A. plans to operate a continuing polar
orbiting satellite system with a temperature and humidity sounding capability.
~~2~!g!!2ng!~_~g!~!!!!~~.

The U.S.A. plans to operate a continuing system
of two geostationary satellites which can provide high resolution images of
clouds both day and night.
r~2bnQ!2gi29!_~~Y~!2em2n!.

The U.S.A. will continue the technological
development efforts to improve meteorological satellite systems.

Special Observing Systems
The U.S.A. is participating in the development and testing of special observing systems capable of obtaining the measurements required to determine
winds in the tropics, to complement satellite-derived data in the Southern
Hemisphere and to obtain oceanographic observations.
~g!!i~!=~g!!QQ~_~y~!~~~

The U.S.A. is developing a carrier balloon system
for the determination of tropical wind profiles and temperature and humidity
soundings. As a part of the Data Systems Test, it is planned to launch 20
stratospheric balloons each carrying 64 dropsondes in an operational test of
the system in 1974. The U.S. is prepared to participate with other nations
in the development of a suitable system to obtain wind measurements in the
equatorial tropics.

~2n§!gn!=!~y~!_e9!!Q2n_~~§!~m.

The U.S.A. is planning a balloon experiment
as a part of the Nimbus-F mission in which 300 balloons will be deployed to
demonstrate the feasibility and utility of the random access measurement
system for determining stratospheric winds and a pressure-height reference
level in the Southern Hemisphere. The U.S. is considering how it may participate with other countries in a follow-on activity to support FGGE; it is
planned to include data collection and platform location equipment on the
operational polar orbiting satellite at the time of the FGGE.

,

r

~b!e~L_~i~2~gf!_gng_~~!Qmg!i£_bgng_§!g!iQn~.
The U.S.A~ will consider the
extent of its contribution toward the deployment of these platforms when a
plan has been prepared detailing how many and what types of stations are
required to supplement other data sources.
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~~2~_~~!!!~!~

The U.S.A. is developing data buoy systems capable of providing a variety of surface and sub-surface measurements, and will consider
participating with other Rations in the deployment of a buoy system. The
U.S. recognizes the need for oceanographic data from the upper layers of the
oceans especially in support of studies of climatic variability and change,
and will consider participating in providing these types of data.
World Weather Watch Support
The U.S.A. plans to continue to provide assistance through the WWW Voluntary
Assistance Programme to provide key observ~tional stations which will also
support the FGGE.
Data Processing
U.S. Platforms.

The United States plans to process FGGE data from U.S.

;~tellIte;-~nd special observing systems into meteorological and oceano-

graphic values.
EQ~!=d!m!o!!Qog!_A!!!m!!g!!Qo.

The United States plans to assimilate FGGE
data into fields of initial-state variables on a doily basis at the World
Meteorological Center at Washington and at other centres for selected periods.

Satellite Data Processing.
The United States plans to carry out extensive
research-efforts-to-Improve the techniques for wind determination from
sequential cloud images and for obtaining optimized temperature and humidity
profiles from satellite sounding instruments.

!!go!m!!!!Qo.

The United States will consider participating in the arrangements for transmitting FGGE data over appropriate circuits.

~!~b!y!~s.

The United States plans to archive data from FGGE data into data
sets which can be made available to users.

Research
The United States is planning a comprehensive programme of reseach based on
the data derived from the First GARP Global Experiment. The United States is
now planning to provide fifth-generation computing facilities in support of
this activity. Scientists from other participating countries are welcome to
participate in United States research activities. The United States encourages
the international research collaboration being fostered by JOC and plans to
participate actively in such a programme.
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VENEZUELA
Venezuela will do everything possible to ensure that the appropriate upperair soundings are made at the following basic synoptic stations during the
Atlantic Tropical Experiment (GATE):
-

Maracay 80413
San Antonia del Tachira 80477
Santa Elena del Uairem 80462 (VAPProject OB/l/l/l concerns this station)
San Carlos de Rio Negro 80462 (this station will probably be installed at
San Simon Del Cocuy, some 100 km south-east of San Carlos de Rio Negro.
The Permanent Representative will inform WMO regarding this change).

Only installation of the two following stations is lacking to complete the
basic network:
San Pedro de Las Bocas 80455
Esmeralda 80463.
-

These stations have not yet been installed for budgetary reasons, but it
is hoped that they will be ready for operation in 1974.

The Oceanographical Institute of the Universidad de Oriente is providing an
oceanographic ship to make research voyages within the general programme of
GARP.

ACADEMY OF SCIENCE IN BERLIN, GERMAN DEMOCRATIC REPUBLIC
The German Democratic Republic is willing to participate in the FGGE. There
will be developed equipment for the remote soundin~ of the atmosphere by
research satellites in close co-operation with the U.S.S.R. Special research
work (quasi-biennial oscillation, boundary-layer processes, parameterizatioo)
will be continued. Further, it will be checked, if there is any possibility
to make wind soundings from one research ship in the equatorial region during
the two Special Observing Periods of FGGE.
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EXTRACT FROM REPORT OF TWELFTH MEETING OF SCAR
14 - 19 August 1972

GLOBAL ATMOSPHERIC RESEARCH PROGRAMME (GARP)
After considering the references to GARP contained in the Report of the
Working Group on Meteorology, the Working Group on Oceanography and the review of
WMO activities in An~arctic meteorolog~it was agreed:
Recommendation XII - Gen. 7

(i)

That SCAR express to the Joint Organizing Committee for GARP its support of
the programme and willingness to collaborate.

(ii)

That National Committees be urged to continue all present routine meteorological programmes. In view of the special obligation for SCAR countries
to facilitate observations from data sparse areas during the First GARP
Global Experiment (FGGE), particular efforts should be made to comply with
requests for additional observations, to be formulated by the Joint Organizing Committee, especially during special observing periods. While such
requests will probably be relatively modest, special attention might be
drawn to requirements for radiation measurements, observations from relief
ships and the need for all observations to be entered promptly into the
communications system.

(iii)

That National Committees be urged to comply with requests to devote relief
ship time and facilities for the initial deployment of free floating buoys
for oceanographic and meteorological instruments. Such requests may be made
for an initial experiment in 1974 and a main experiment in 1976 or 1977.

I

I
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DEFINITION OF ACRONYMS AND SPECIAL TERMS USED IN THIS REPORT

AMTEX

-

Air Mass Transformation Experiment, proposed by Japan as a regional
sub-programme for GARP

GAENEX

Complex Atmospheric Energetics Experiment, a regional experiment being
conducted by the USSR

CBS

Commission for Basic Systems of WHO

Eole

Experiment of France in which some 500 constant-level balloons were
launched in 1971 and tracked with the French Eole satellite

ESR~

European Space Research Organization

FGGE

First GARP Global Experiment, proposed to begin in 1977

GARP

Global Atmospheric Research Programme

GATE

GARP Atlantic Tropical Experiment, planned for the summer of 1974

GDPS

Global Data Processing System, a component of the World Weather Watch
of WHO

GHOST

Global Horizontal Sounding Technique, development programme of the
United States to test the flight characteristics of constant-level
balloons

GOS

Global Observing System, a component of the World Weather Watch of WHO

GTS

Global Telecommunications System, a component of the World Weather Watch
of WHO

ICSU

International Council of Scientific Unions

IGOSS

Integrated Global Ocean Station System, a joint programme of WHO and
the Intergovernmental Oceanographic Commission

IOC

Intergovernmental Oceanographic Commission of Unesco

JPS

Joint Planning Staff of the JOC

JOC

Joint Organizing Committee; a committee of twelve scientists established
jointly by ICSU and WHO to plan the scientific aspects of GARP

ANNEX VII
MONEX

Monsoon Experiment, a regional experiment proposed by India to take
place during the FGGE

POLEX

Polar Experiment, a regional experiment being conducted by the U.S.S.R.
and proposed for continuation with international participation, with
the final phase taking place during the FGGE

SCAR

Scientific Committee on Antarctic Research of ICSU

SCOR

Scientific Committee on Oceanographic Research of ICSU

TWERLE

Tropical Wind, Energy and Reference Level Experiment, a constant-level
balloon experiment being planned by the United States in 1974 in conjunction with the Nimbus-F satellite

VAP

Voluntary Assistance Programme of WMO

~O

World Meteorological Organization
World Weather Watch of WHO
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