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Introduction

Meteorology provides one of the finest examples of

effective international cooperation, driven as it is by

technical enterprise and scientific ideals and
relatively free from political disputation.

The World Meteorological Organization (WMO)
is arguably the most cost effective of the UN
Specialised Agencies and the World Weather Watch
(WWW) is WMO’s most important program.

In recent years however there have been
increasing signs of tension, all of which have
common roots. Who gains? Who loses? Who pays?
Unless these problems are treated sensitively, and in
a constructive spirit of compromise and goodwill,
they could shake the foundations of the WWW.

In this address I will trace the development of
WMO itself and of the WWW. 1 will give particular
attention to the role of the WMO Commission for
Basic Systems (CBS) which carries the responsibility
for the operation of the WWW.

This will provide the backdrop against which to
consider the emerging problems relating to:

o possible conflicts arising from incompatibility
between the principle of free exchange of
meteorological information between Members of
WMO and the growing commercial activities of
meteorological consultants and of National
Meteorological Services themselves;

® measures to ensure the effective continuation
and development of meteorological satellite
systems;

e the operation and funding of other WWW
systems (particularly observing systems) which
are global or regional in nature (for example,
drifting buoy networks, automated observing
systems on aircraft (ASDAR, ACARS), and the
automated shipboard aerological programme
(ASAP);

o the operation and funding of systems for the
collection of observations through satellite
systems such as INMARSAT to prevent a
disproportionate financial load falling upon some
countries;
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e difficulties in establishing and maintaining the
most effective system of global and regional
centres for analysis and prediction on global and
regional scales;

e difficulties in integrating the WWW with other
operational and research programs, in particular
the World Area Forecast System (WAFS) for
aviation and the Integrated Global Ocean
Services System (IGOSS);

® the gulf between the technological and financial
capabilities of developed and developing countries.
The plan for the new WWW as developed by

CBS follows the ideals built up over more than a

century in the international meteorological com-

munity. The spirit is still there. Each Member will
contribute according to its capacity to do so and all

Members will work towards the common good. The

development will be based, as it always has been, on

scientific endeavour and technological innovation.

Major thrusts of the new WWW are expected to be:

® a continuation of the revolutionary develop-
ment of satellites for the acquisition of observ-
ations and for communications;

o faster and more efficient communications;

e faster and more sophisticated computers and
numerical prediction models;

o innovative concepts of data processing and data
management.

But how will some of the new data management

concepts sit with the traditional concepts of free

exchange of information and the emerging
commercialism?

The origins of WMO

It is interesting and instructive to look at the origins
of the WMO because the basic reasons for its
formation are still as valid today as they were in the
earlier years. The forces that moulded WMO also
inevitably led to the development of the WWW,
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Over the years there has been an ever increasing
demand for bigger and better meteorological
services. The demands are insatiable because
achievements in meeting them only serve to open up

new applications for weather information and new:

horizons for weather predictions. We are spurred on

to produce more precise, more accurate and longer

range forecasts.

As we move forward striving to meet the
demands, science and technology open up the
avenues and provide the bricks with which to build
the achievements. But if science and technology
provide the bricks then it is international
cooperation that provides the mortar. That was true
100 years ago and it continues to be true. Solutions
will be found to the gathering problems and WMO
and WWW will continue to prosper.

In the middle of the 19th century the time was
ripe for the development of meteorological services
to provide forecasts and warnings on an operational
basis. The demand was there and growing and the
invention and practical introduction of the telegraph
in North America and Europe in the 1840s provided
the means.

Safety of ships at sea was the driving force that
led to the establishment of meteorological services.
Two events were of particular significance:

1853 meeting of representatives of maritime coun-
tries in Brussels, to set up an international
program for meteorological observations by
ships at sea.

1854 (November 14th) a disastrous storm in the
Black Sea which caused heavy losses to the
Anglo-French fleet.

A detailed study was commissioned by Napoleon
IIT to see whether the storm could have been
forecast and the losses averted had there been a
weather forecast service based on telegraphed
reports. The answer from the famous French
astronomer Leverrier was — Yes!

Thus the disaster in the Black Sea and the
invention of the telegraph led to the establishment of
official meteorological services in a number of
countries including England in 1861, France in 1863
and Norway in 1866 and of a skeleton system for the
exchange of observations and forecasts within
Europe. It wasn’t long before a network of storm
warning stations in the British Isles was linked to
the European network and the development of the
system, which was later to be called the WWW, had
begun.

By 1873 a number of meteorological services had
been established and their Directors met at Utreciit
in the Netherlands to found the International
Meteorological Organization (IMO), the forerun-
ner of WMO.

IMO developed steadily and initially concentrat-
ed on improving services provided by meteorolog-
ists for shipping and agriculture. In the years
leading up to the Second World War, meteorological
services began growing at a quickening pace. The

development of aviation provided the spur and
technology in the form of radio communication
provided the means. IMO built up a system of
Regional Commissions, Technical Commissions
and. Working Groups which provided the frame-
work for a similar system which exists in WMO
today.

During the war operational meteorology matured
and its benefits became universally recognised.
Technology and science were providing better,
‘bricks’ and after the war the political climate was
better than ever before to make the ‘mortar’ of
international cooperation.

In 1947 Directors of National Meteorological
Services met in Washington and drew up and
adopted a World Meteorological Convention which
provided for the transformation of IMO into a new
World Meteorological Organization (WMQ). The
Convention came into force on the 23rd March 1950
(now celebrated as World Meteorological Day) and
the first 44 Members opened their first Congress in
Paris on 19 March 1951. We are now looking
forward to the tenth Congress in 1987. Group
Captain H.N. Warren, then Director of the
Australian Meteorological Services was the chair-
man of the committee which drafted the
Convention.

Given the tyranny of distance Australian
participation in IMO was remarkable as is evident
from the following extract from the Bureau of
Meteorology brochure ‘Australia’s Role in Internat-
ional Meteorology’.

Australia and IMO
The first delegate from an Australian
colony to an International Meteorologi-
cal Conference was Clement Wragge.
He attended the Conferences in Munich
in 1891 and in Paris in 1896.

Two other Australian meteorologists
were also active in IMO affairs before
1908, though there is no record of them
actually attending meetings. However,
in those days, much of the work of the
Organization was carried out by
correspondence. R.L.J. Ellery of
Victoria was a member of the
International Meteorological Com-
mittee of IMO from 1891/1896 and
R.C. Russell of NSW from 1896/1907.

In 1919 the Commonwealth Meteor-
ologist, H.A. Hunt attended the 4th
International Conference of Directors
in Paris. At the 1935 Warsaw Confer-
ence of Directors, Australia was
represented by W.B. Watt, who also
took part in the IMO Commission for
Synoptic Weather Information.

In 1936 the meeting of the IMO
Regional Commission No. II (Far
East) in Hong Kong was attended by
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Mr E.W. Timcke. Watt, as Common-
wealth Meteorologist, also took part in
the Meteorological Conference for the
South West Pacific in Wellington in
1937.

At the postwar Extraordinary Con-
ference of Directors in London in 1946,
Australia’s representative was Group
Captain H.N. Warren. He also attended
the Conference of Directors in Wash-
ington in 1947 and the meetings of
Regional Commission V (South West
Pacific) in Melbourne in 1947 and
Wellington in 1948.

W.A. Dwyer was a guest Observer
and Advisor at the R.C. II meeting in
New Delhi in 1948, and the Australian
delegate to the session of the Com-
mission for Aeronautical Meteorology
in Paris in 1950. The final IMO
Extraordinary Conference of Directors
in Paris in 1951 was attended by E.W.
Timcke.

Dr W.J. Gibbs, Director of Meteor-
ology from 1962-1978, was a delegate
to the meeting of the Regional
Commission V in Wellington in 1948,
and accompanied H.N. Warren to the
meeting of the IMO Technical Com-
mission in Toronto and the IMO
Conference of Directors in Washington
in 1947.

The origins of the WWW

The coming of the telegraph provided the
technological drive for the formation of National
Meteorological Services in the 1860s. In like
manner, it was the advent of satellite technology
which gave rise to the WWW one hundred years
later.

The first satellite was launched by the USSR on 4
October 1957. One cannot help but be impressed by
the speed with which WMO and the meteorological
community reacted to this development and the new
horizons that had suddenly been opened up. Here
are a few dates:

1958 WMO Executive Committee (EC) adopts a
resolution on the WMO contribution to the
exploration of the atmosphere by means of
satellites.

1959 WMO EC establishes a Panel of Experts on
Artificial Satellites to study the feasibility of
using satellites for meteorological purposes
(V.A. Bugaev (USSR), H. Wexler (USA),
W. Gibbs (Australia as CSM representative)
and G. Robinson (CAeM representative)).

1961 20 December. The General Assembly of the
United Nations adopts Resolution 1721 (XVI)
‘International Cooperation in the Peaceful

Uses of Outer Space’. In Section C of the
Resolution it was stated that, thanks to the
advances in outer space exploration, new
opportunities arose in meteorology for
improving the existing methods of weather
prediction. It was recommended that WMO,
in consultation with other international
organisations and agencies, Should prepare a
report and submit proposals on the problem.

1961 At the invitation of WMO, Dr H. Wexler and
Academician V. Bugaev met in Geneva to
develop the WWW concept. (The title of the
new system World Weather Watch (WWW)
was coined by Dr Wexler.)

1962 The famous WMO First Report on the ad-
vancement of atmospheric sciences and their
application in the light of developments in
outer space.

1962 ‘First Report’ considered by the EC Panel
(Wexler, Bugaev, Gibbs, Robinson) and
representatives of other international organisa-
tions (including UNESCO, ITU, ICAO,
IAEA, ICSU) and approved by the WMO
EC. The First Report was approved by the
Seventeenth General Assembly of the United
Nations and resulted in Resolution 1802
(XVII) calling for more detailed planning of
WWW developments.

1963 WMO Fourth Congress adopts the concept of
the WWW,

If the prompt reaction of the meteorological
community was impressive then the vision of the
plans was even more so. The following papers
presented to the 24th Session of the WMO
Executive Committee in 1972 to mark the 10th
Anniversary of WWW, make very interesting
reading.

“The origin of the World Weather Watch and its
future prospects’ — V.A. Bugaev.

‘The impact of outer space technology on develop-
ments in meteorology’ — S. Johnson.

‘Numerical weather prediction within World Weather
Watch — Past, present and future’ — J.S. Sawyer.

Bugaev reviewed the success of the WWW but
pointed to a number of problems that needed to be
resolved and the important role that the Global
Atmospheric Research Programme (GARP) might
play in resolving them — what form should the
observational system take, what degree of accuracy
is required for the initial data, the use of non-
synchronous data and the necessity for synchronous
observations, the need to devise uniform methods
of objective analysis and select a number of models
of the atmosphere for operational numerical weather
prediction, etc. Johnson analysed the ‘First Report’
and found that the expectations were, in general,
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conservative. In regard to satellites the ‘First
Report’ accurately predicted:

® the application of images of clouds and the
Earth’s surface;

® the possibility of infrared observations at
night;

® the determination of the extent of snow
and ice fields;

® the continuing role of satellite measure-
ments of incoming and outgoing planetary
radiation in studies of climate;

® the determination of vertical profiles of
ozone in the upper atmosphere;

® the use of satellites for meteorological
communications (but the application of
satellites for locating moving platforms
(buoys etc.) was not anticipated).

On the other hand the ‘First Report’:

o did not refer to the possible use of
geostationary satellites to obtain frequent
cloud images;

® made a forecast of satellite-borne radar for
precipitation observation which has not yet
materialised;

o foreshadowed systems for observing thun-
derstorms by lightning flashes at night or
by atmospherics which have not been
developed and mentioned some expecta-
tion of measurement of surface pressures.

The ‘First Report’ was given a ‘low score’ for not
predicting the spectacular development of methods
for obtaining atmospheric soundings nor the deri-
vation of wind measurements from geostationary
satellite cloud images.

Johnson was courageous enough to make the
following predictions of the role of meteorological
satellites in 1982:

¢ four or five geostationary satellites and two
polar-orbiting satellites will be in use;

® temperature soundings will have replaced
radiosondes, except for special local and
regional applications;

® hourly soundings will be made from
geostationary satellites;

¢ winds will be automatically derived from
cloud displacements;

® three-dimensional cloud analyses will be

automated;
¢ the introduction of new technology for
processing, interpreting, disseminating

and displaying meteorological data to a
variety of wusers, not the expected
advancement in space techniques, holds
the key for the largest improvements by
1982;

® significant investments by user nations in
specialised training and new technology
will be necessary if these nations are to
realize the benefits of the satellites of 1982.

I would give both the ‘First Report’ and Johnson
high marks. It would take considerable courage to
attempt to predict the development of satellite
meteorology in the next 10 years given the explosive
development that is taking place. Johnson was able
to look at his ‘predictions’ some ten years later when
he produced Twentieth Anniversary of the World
Weather Watch: Opportunities and Outlook for an
improved WWW in 1983.

Sawyer’s paper dealt with the other major
development which had been given considerable
emphasis by the architects of the WWW —
computers and numerical analysis and prediction.
He traced the history from the pioneering work
of Richardson and Charney, Fjortoft, and von
Neumann to the stage where in 1972, numerical
forecasts of the pressure field for 24 hours or longer
from primitive equation models were held by many
to be as good as or better than forecasts produced by
subjective methods.

In foreshadowing future developments Sawyer
gave emphasis to:

® the possible improvements in predictability
over periods of two to three weeks;

® the use of smaller mesh-lengths in models
particularly for the prediction of weather
phenomena within the planetary boundary
layer and proper treatment of orographic
effects.

The structure of the WWW

The basic structure of the WWW, as devised by its
architects in 1962, remained relatively unchanged
until 1985. The main components were the Global
Observing System (GOS), the Global Telecommun-
ication System (GTS) and the Global Data
Processing System (GDPS).

Apart from the satellites the GOS was composed
mainly of national surface and upper air networks.
Observations from ships and aircraft were also
important.

The GDPS was a three-tiered structure compos-
ed of three World Meteorological Centres (WMCs)
(Melbourne, Moscow, Washington), and a number
of Regional Meteorological Centres (RMCs) and
National Meteorological Centres (NMCs).

The concept was that WMCs would provide
meteorological analyses and prognoses for the
entire globe and the RMCs would be responsible for
more detailed analyses and prognoses for specified
regions. These products would be provided as
guidance to the NMCs thus avoiding the expense
and duplication in having a large number of centres
preparing analyses and prognoses for large areas.
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The GTS initially was the main focus for
international cooperation. Links were established
and upgraded to exchange the increasing volume of
observational data generated with the GOS and the
‘processed data’ generated by the WMCs and the
RMCs.

WMO was (and still is) very aware of the tech-
nological gap between developed and developing
countries. Emphasis was therefore placed on pro-
grams for training and transfer of technology.

Australia played a prominent part in the
development of the WWW through the participa-
tion of W.J. Gibbs in the EC Panel of Experts on
Artificial Satellites. Melbourne became one of the
three WMCs and was one of the first meteorological
services to acquire a computer and produce
numerical analyses and prognoses. Melbourne and
Darwin were also RMCs.

Through the 1970s and early 80s Australia,
through the Commonwealth (later Australian
Numerical) Meteorology Research Centre, was a
world leader in research into numerical methods
and models. This mantle has now been passed to
the Bureau of Meteorology Research Centre.

Structure of WMO and the Commission

for Basic Systems
The structure of WMO is illustrated by Fig. 1. The
main components are:

Congress (meets every 4 years)
Executive Council (annually)
8 Technical Commissions (every 4 years)
Basic Commissions:
e Basic Systems (CBS)
e Atmospheric Science (CAS)
e Instruments and Methods of
Observation (CIMO)

Applications Commissions:

® Aeronautical Meteorology (CAeM)
® Agrometeorology (CAgM)

& Climatology (CCl)

¢ Hydrology (CHy)

® Marine Meteorology (CMM)

6 Regional Associations
® Africa RAI
® Asia RAII

® South America RA III

o North and Central America RAIV
® South West Pacific RAV
® Europe RA VI

In addition there is a large number of panels and
Working Groups and ad hoc bodies are established
from time to time.

The Commission for Basic Systems (CBS) is the
WMO body responsible for the planning, develop-
ment and operation of the WWW. Its name was
changed from the Commission for Synoptic
Meteorology to the Commission for Basic Systems
by the WMO Fifth Congress in 1967 in recognition
of the fact that the WWW provides the basic
systems that support all other WMO programs.
CBS has five standing working groups: the Advisory
Working Group and Working Groups on the GOS,
the GTS, the GDPS, and Codes.

In the continuing development of the WWW it is
very important that CBS endeavours to ensure that
advances in technology and the science of
meteorology are harnessed and introduced operat-
ionally to make the WWW more effective and
efficient; and that there is agreement among the
Member nations regarding the changes that are
being made so that effective international coopera-
tion will continue.

At times there is frustration among those who
would wish to see changes introduced more rapidly
and this becomes reflected in criticism of the
ponderous machinery of CBS. However CBS has
been very successful in maintaining the vital
ingredient of consensus. It is no easy task to obtain
the agreement of some 150 countries on something
as complex as the WWW plan.

It would be possible to replace CBS with a
system of small expert groups and thus move faster.
The risk is that a gulf would open up between
groups of countries and international cooperation
which has served us so well would be damaged.

The changing scene

During the late 1970s and early 80s there was a
growing feeling that a fundamentally different
approach was required to the WWW because of
three evolutionary developments:

® the emergence of new observing systems
which, like satellites, are global or regional
rather than national in nature;

o the demonstrated capability of centres to
produce very valuable prognoses on a
global scale for periods of 5 days or more
ahead;

¢ the advances in computer and communica-
tion technology which opened up the
concept of integrated systems and new
possibilities for international cooperation
in the processing and application of
meteorological data.

These factors and the results of the GARP
Global Weather Experiment 1979 led to WMO
initiating an ‘Integrated System Study’ which
resulted in the development by CBS in 1985 of a
new WWW Plan — the WWW 2000.
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Fig. 1 The structure of the World Meteorological Organization.
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In 1967 an agreement had been signed between e the degree of complexity with which the

WMO and ICSU to develop jointly a research
program, for which the abbreviation GARP was
adopted.

The central core of GARP was the formulation of
a model of the behaviour of the atmosphere and this
required a study of:

complex physical processes in the atmos-
phere need to be described to explain and
predict the decisive features of weather
development — this is fundamental to
deciding the nature and detail of observing
systems and networks;
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® methods of computing the way in which
the weather at a given instant changes as a
result of the physical processes that it has
been decided are the most important.

GARP consisted of a number of sub-programs
(GATE, ALPEX etc.) but the outstanding
achievement was the Global Weather Experiment,
the largest international scientific field exercise ever
undertaken. During the twelve-month period 1
December 1978 to 1 December 1979, technological
resources of WMO Members were deployed on a
massive scale to bring the Earth’s atmosphere under
more intensive surveillance than ever before.
Special satellites, floating balloons, sounding
balloons, aircraft, drifting ocean buoys, ships etc.
were harnessed to form the most comprehensive
meteorological observing systems seen to that time.
The objectives of the Global Experiment were:

® t0o obtain a better understanding of
atmospheric motions for the development
of more realistic models for weather
prediction;

® to assess the ultimate limit of predictability
of weather systems;

® to design an optimum composite meteor-
ological observing system for routine
numerical weather prediction of the larger
scale features of the general circulation;

® to investigate within the limitation of a
one-year period of observation, the
physical mechanisms underlying the fluc-
tuations of climate in the time range of a
few weeks to a few years and to develop
and test appropriate climate models.

When the field phase of ALPEX, the last GARP
sub-program, was completed in 1982, attention
increasingly focused on the World Climate
Research Programme. However research is con-
tinuing in scientific academies, universities and
research institutions, using the comprehensive data
sets generated by the Global Experiment and other
GAREP field experiments. It is on the fruits of this
research that the historical judgement of the impact
of GARP and the Global Experiment will
ultimately be made.

Nevertheless the place of the Global Experiment
in the development of meteorology is already
secure. On many grounds it has been hailed as an
outstanding success.

® The effective cooperation of so many
nations (virtually all the Members of
WMO) in such a complex sophisticated
experiment was in itself an unparalleled
achievement.

® The Experiment generated the most
comprehensive global data set yet seen

which will serve for many years as the basis
of research aimed at achieving the
objectives of GARP and the Global
Experiment.

o It effectively demonstrated that satellites
are essential to the future of the WWW, in
their observing, data collection and
communications roles.

® The cost effectiveness of new observing
systems (drifting buoys, automated sys-
tems on commercial aircraft (ASDAR),
and semi-automatic upper air observing
systems suitable for use on ships of
opportunity) was amply demonstrated.

® Very valuable experience was gained in
data management on global and regional
scales (quality control of data, compilation
of data sets).

® Analyses and research based on Global
Weather Experiment data have already
resulted in:

— an improved understanding of the cir-
culationin the southernhemisphere (for
example indicating more intense jet
streams and cyclonic circulations than
expected); and

— a better understanding of large-scale
features of monsoons and other tropical
circulations.

Although research work on the Global Experi-
ment was (and is) still continuing, there were great
expectations in the early 1980s that the achieve-
ments should be reflected in a new WWW plan.
Additional drive was provided by the rapid
development of communications and computer
technology and a desire to take advantage of
concepts developing in data management.

Largely for these reasons CBS undertook the
Integrated Systems Study aimed at producing a
plan for an improved WWW to the year 2000 and an
Implementation Program 1988-1997. In October
1985 an extraordinary session of CBS agreed to
comprehensive drafts of the Plan and Implement-
ation Program to be submitted to the WMO
Executive Council and subsequently the WMO
Congress.

The new WWW Plan
The major thrusts of the
Plan are:
® incorporation of new observing systems (in
particular satellite based systems, drifting
buoys, ASDAR, ASAP);

new WWW

® greater emphasis on support functions
— WWW Data Management
— WWW Implementation Support Activity
— WWW Implementation Coordination
while retaining the major elements






