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PREFACE

By Professor G. O. P. Obasi

Secretary-General of the World Meteorological Organization
This year 1990 begins a decade which is likely to be a momentous one
for earth sciences, including meteorology and hydrology. Scientists, policy
makers, and concerned citizens are already deeply involved in charting
global environmental problems which threaten the well-being of our
planet. Prominent among these are such issues as climate change and
ozone depletion. There is strong evidence that these issues are of real
and far-reaching importance, notwithstanding the vast uncertainties in
our understanding and our limited ability to predict the global
atmospheric environment.
In the coming decade the world will look to WMO and its professional
constituency for clear analyses and prognoses of future trends in the
physical health and chemical composition of our atmosphere. Thus it
is that WMO faces decisive years in its own evolution.
WMO, the intergovernmental organization responsible for global coordination in weather and climate affairs, has during its existence been
increasingly drawn to related fields of environmental concern such as
hydrology, geophysics, geochemistry and physical oceanography to name
but a few.
It so happens that this year, in which the Organization is entering
into a new era of responsibilities and challenges, is also its fortieth
birthday.
Thus it seemed appropriate to mark the occasion by a publication
about what the future may have in store for meteorology, and the
remarkable strides made by this most international of sciences since the
immediate post-war years. This was when WMO emerged as a new
intergovernmental organization-replacing its predecessor, the
International Meteorological Organization, which had been in existence
since 1873.
WMO's major activity, that of providing the international framework
for meteorological observations and data exchange, has contributed
decisively to the remarkable success story of weather forecasting. The
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latter has been able to evolve from a state, 40 years ago, of being mostly
art strengthened by science to its current condition of being
predominantly science leavened by skill and experience.
Through its early involvement-in close collaboration with the
International Council of Scientific Unions (ICSU)-WMO has played a
pioneering role in globally co-ordinated geophysical and meteorological
experiments. Thus it may claim credit for laying down the operational
foundations for the world-wide monitoring of the chemical composition
of the atmosphere and of climatic change. These matters are assuming
an ever higher priority.
WMO has also made creditable and successful efforts to promote
technical co-operation between the Meteorological and Hydrological
Services of the world. Its Education and Training Programme and its
strategic approach to the transfer of knowledge and technology between
nations have contributed substantially to the increased ability of
developing countries to benefit from the programmes of the Organization.
A major WMO thrust to create Regional Specialized Meteorological Centres
through co-operative efforts by groups of nations, and with support by
generous donors where needed, aims at harmonizing the level of services
in different areas of the world.
This birthday publication concludes with an optimistic look ahead.
After all, the only acceptable scenario is that mankind should finally learn
to live in peace with the global environment and find a realistic path to
sustainable development. And in this, it is clear, meteorology and
hydrology together have a vital role to play.
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METEOROLOGY COMES OF AGE
The weather has traditionally been the
subject o~ small talk between people
who have just met, but a change is in
the air. A recent cartoon put it nicely.
Two men have just shaken hands and
one of them says: "Let's cut the small
talk and get on to the weather". The
reasons are many but they boil down to
the widespread feeling that something is
happening to the weather.
The meteorologists themselves have
changed in public perception. It is well
known now that they have to run the
world's biggest and fastest computers,
round the clock, year in year out, in a
hi-tech ambience. The analysis and
forecasting of weather, projecting the
evolution of cyclones and the dissection
of weather patterns to understand and
predict longer-term changes, call on the
most advanced mathematical
methodologies.
The instruments used by
meteorologists are also on the frontiers
of technology. Weather satellites are
well known but there are less
glamourous devices no less remarkable
in performance. Take, for example, the
free-floating ocean buoys that regularly
transmit to passing satellites their
position and readings of atmospheric
pressure and temperature. These are
deployed by the score in the 'datasparse' areas of the southern ocean.
Automatic weather stations which can
be dropped from a plane on to the polar
ice get up on their own legs and erect
their instruments without human
assistance. They then immediately start

Geostationary
Meteorological Satellite
GMS-4 being prepared
at the Tanegashima
Space Centre

to transmit weather reports (see
picture).
Even the traditional light-house
keeper's task of reporting visibility at
sea has been superseded by an
automatic installation. The first one in
action is in the English Channel and is
mounted on a light vessel which is

Self-erecting polar
automatic weather
station to be deployed
in remote areas
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Tethered andJree}loating weather
blwys provide
valuable dataJrom
little-visited areas
away from sea and air
routes
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sciences including geophysics, meteorology, hydrology, oceanography,
ecology and similar areas of research.
Some American scientists see in such a
holistic effort the next inevitable step.
To quote NASA: "Through our economic
and technological activity, we are now
contributing to significant global
changes on the Earth within the span oJ
aJew human generations. We have
become part oJ the Earth system and
one oJtheJorcesJor Earth change".
In some sense this is actually an
understatement. Even the end of the
Cretaceous 65 million years ago when
the dinosaurs died out and something
catastrophic wiped out 80 per cent of
the species on Earth (according to the
fossil record), even that time of
momentous change seems a rather mild
ecological transition compared with
what man will have accomplished over a
three- or four-hundred-year period
starting in, say, 1800. We may be liVing
through, and caUSing, the most severe
ecological transition of all time.
As meteorology moves towards centre
stage, its apparatus of international cooperation,WMO, is itself being looked
upon as an example of how the
scientific efforts of States can be coordinated. WMO has long managed to
handle smoothly some issues that could
be a source of trouble. A key example is
observations in areas outside national
jurisdiction. Seventy per cent of the
itself, needless to say, unmanned and
planet's surface is ocean and, even
automated.
after the recent Law of the Sea
Meteorology now finds itself on the
agreements, is largely outside national
jurisdiction. Nevertheless, data from
leading edge of mankind's attempt to
understand the global systems that
these areas are essential for any
determine the qUality of life on a
weather forecast, however many miles
crowded Earth.
from the sea a national meteorological
WMO's World Weather Watch consists office may be. Therefore, WMO presides
over a framework for the daily
of the global systems for making
acquisition of data from those areas.
meteorological observations, for the
rapid collection and dissemination of
Internationally agreed codes for the
data and for international co-operation
exchange of weather and climate data
-through World and Regional
and their rapid transmission are indeed
Meteorological Centres-in preparing
essential. Without such codes the raw
weather forecasts. This global system is material for every nation's daily
now being regarded as a working model, weather forecasting would not be
available. It is WMO that prOVides the
the only prototype, of what will be
framework and facilities for the
needed for a broader effort in earth
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The Noordwijk Declaration
In October 1989, ministerial level participants from countries
throughout the world conferred in Noordwijk in the
Netherlands and agreed on a Declaration on 'atmospheric
pollution' and climatic change', These extracts represent a
very small sample of the message:
"The composition of the Earth's atmosphere is being
seriously altered at an unprecedented rate due to human
activity. Based on our current understanding, society
is being threatened by man-made changes to the global
climate."

action may endanger the future of the planet as we
know it."
The Declaration later [lotes "...the 1989 Economic Summit
agreed that a framework convention on climate change
setting out general principles was urgently required and that
specific protocols containing concrete commitments could
be fitted into the framework as scientific evidence requires
and permits."

"While there are still uncertainties regarding the
magnitude, timing and regional effects of climatic
change due to human activity, there is a
growing consensus in the scientific
community that significant climate change
and instability are most likely over the next
century. Predictions available today
indicate potentially severe economic and
social dislocations for future generations.
Assuming these predictions, delay in

organization of this data flow which,
incidentally, is never complete because
telecommunications technology evolves
so rapidly.
We are witnessing a development for
which technological advances provide
the opportunity and the rapidly
unfolding new needs of modern
societies for meteorological services the
driving necessity. The British Minister
John Strachey, in an address to a
gathering of senior international
meteorologists in London in 1946
which was planning the creation of
WMO, had this to say: "Meteorology
will, it is not too much to say, become
one of the key sciences of the world,
and you, who are all meteorologists,
will be called upon to play afar more
important role than you have ever
played before in human affairs."
The Noordwijk Declaration and the
UN decision to launch the International
Decade for Natural Disaster Reduction
illustrate how true these prophetic
words became.

Once a symbol oJ
prospelity, the
belching chimney is
now seen as a threat
to the environment
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International Decade for Natural Disaster Reduction
Natural disasters feature all too
frequently in the news media.
Droughts, typhoons and earthquakes
regularly make the headlines, along
with horrifying accounts of death and
mutilation, damage and destruction.
Indeed, the best available estimates
show that over the past 20 years
natural disasters have resulted in the
deaths of some 3 million people and
badly disrupted the lives of a further
thousand million. A major proportion
of these terrible events, including
cyclones, hurricanes, typhoons,
floods, avalanches and landslides,
are attributable to phenomena
directly within WMO's mandate.
Up till now, there has been little
global co-operation directed to the
reduction of natural disasters. Aid is
rushed to the locality after a cyclone
has taken its toll, or a volcano has
buried its surroundings under lava
and ash. Piecemeal attempts to put
life back together and prevent a
recurrence of the calamity are the
best people can hope for.
The International Decade for
Natural Disaster Reduction (IDNDR) is
set to change that. It aims to replace
the present emphasis, on providing
disaster victims with emergency
relief, with the capability to predict
most natural disasters, and make
provision to avert their most serious

consequences. It will do this with two
main thrusts:
• Preparing people at a national,
local and community level to cope
with the natural disasters most
likely to affect them; and
• Stimulating and co-ordinating
systems to collect information and
forecast potential disasters.

They include:
• The tropical cyclone warning
systems for the SW Indian Ocean;
• A comprehensive risk assessment
system for hazards; and
• A system for technology exchange
for natural disasters.

Naturally, WMO was involved in the
Changing the sometimes fatalistic preparation for the Decade through
attitudes to disasters calls for a membership of the Steering
widespread programme of education, Committee set up by the UN
increased community participation Secretary-General in March 1987 and
and the dissemination of trustworthy by being represented at the meetings
of the Ad Hoc International Group of
forecasts.
WMO already has the most Experts also established by the
effective and respected international Secretary-General. The membership
data collection systems in the world, of this Group included a number of
especially those associated with the hydrologists and meteorologists
World Weather Watch: Indeed, it is active in WMO circles and the Group's
through the Organization's activities report benefited considerably from
that information systems on those their inputs. The Organization
phenomena for which WMO has anticipates being fully involved in the
major responsibilities are more machinery established to run the
advanced than those for other natural Decade through its ten-year life, in
. hazards. Thus the Organization is the UN Steering Committee, in the
particularly well placed to play an technical committee for the Decade
important role in the Decade's and in the IDNDR Secretariat.
programmes.
WMO's own special projects for
the Decade build on'the strengths of
the Organization in forecasting, in risk
assessment and in technology
transfer.

False-colour computer simulation oJ a
tropical cyclone
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AGLOBALINFRASTRUCTURE
THE ORIGIN AND FIRST YEARS

OFWMO
The weather always seems to come in
from somewhere else. Only those living
at the foot of major mountains may be
forgiven for believing that bad weather
starts above their heads. The earliest
texts from the ancient Greeks carried
the idea that the winds brought their
characteristics from far away and
archaeology suggests that most other
cultures had similar views. Thus the
international character of meteorology
was recognized as fundamental almost
as soon as the subject became
identified.

Nevertheless, the development of the
concept of co-ordinated weather
observations over a larger area took
centuries to achieve.
• The first international meteorological
network was established In 1654 by
Ferdinand II of Tuscany. Seven
stations were in northern Italy, four
others in Warsaw, Paris, Innsbruck
and Osnabruck. In Florence, 15
observations were made daily.
• The next major milestone came in
1780 in the form of a network of 39
stations (37 in Europe and two in
North America) established by the
SOCIETAS METEOROLOGICA PALATI A-the

Accademia del Cimento

J

The ACCADEMIA DEL OMENTO in Florence
(1657-1667), established by Ferdinand 11
of Tuscany, made a great contribution
to developing some of the basic tools
for meteorological science. The picture
shows some fine pieces of glasswork
made in the workshop of the Academy.
The glass tube No. 4 is a reproduction
of Galileo's famous 'thermoscope' which
measured temperature by an array of
tiny glass bulbs floating in alcohol, each
balanced for different temperatures.

4
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Societas Meteorologica Palatina
The Meteorological Society of Mannheim
organized its series of observations and made
sure that the data were meticulously processed
and presented for scientific use in a prestigious
series of pubications.
Although this network existed only for 12
years, it was a very valuable step forward,
because the observations were carried out with
standardized methods and carefully calibrated
instruments. (At that time some 60 temperature
scales were known, 27 of them in wide use, so
standardization was vital.)

EPHEMERIDES
S 0 C lET A T I S lit ET E 0 R 0 LOG I CA E

PALATINAE.

HISTORIA
ET

OBSERVATIONES
ANN I

•

'tiJlh-

I.

'IOURI'

AfoRI

BXCUSI ••

~
~
'~
MANHEIMII

~""==-

...

EX OFFICINA NOVAE SOCIETATIS TYPOGRAPHICAE MDCCLXXXlII.
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The first International Meteorological Conference,
Brussels, August 1853
The moving spirit of the Brussels Conference
was Matthew Fontaine Maury, Lieutenant in the
US Navy, who was known for his wind and
current charts of the Atlantic, Pacific and Indian
Oceans, prepared from data he had assembled
over a period of nine years from ships' captains.

The main achievements of the Brussels Conference were: the adoption
of a standard form of ship's log, a set of standard instructions for meteorological observations at sea and a system for the collection of ships'
logs.
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.ACCEDlT DESCRIl'TIO lNSTRUMENTORUM IIETEOROLOGICOKur~. TAM EORUM. QUAE
SOCIETAS PER EUROPAM DlSTRlBUIT. QUAM QUIHUS PRAETER HAEC
MANHEIMIl UTlTUR.
CUM

Progress in organizing the observational
network oJ the Meteorological Society oJ
Mannheim was recorded in the selies oJ
yearbooks written in latin: Ephemerides
Societatis Meteorologicae Palatinae. The
documents include records Jrom the stations
which operatedJor at least part oJ each year
and also provide iriformation on instruments
and instructions Jor making observations

I

Latin name adopted by the
Meteorological Society of Mannheim.
• The first International Meteorological
Conference was held in Brussels in
August 1853.
• In Vienna in September 1873 the
First International Meteorological
Congress created the nongovernmental International
Meteorological Organization, which
was the predecessor ofWMO. As a
result of a number of events IMO was
finally transformed into the intergovernmental World Meteorological
Organization.

WMO 40 WMO 40 WMO 40 WMO 40 WMO 40

First International
Meteorological Congress,
Vienna, September 1873
The Vienna Congress created the International
Meteorological Organization and among other
things adopted definitions of meteorological
phenomena and a list of symbols to be used
in climatological tables and on weather charts.
It stressed the necessity for global observations (even proposing the formation of an
International Fund for the establishment of
meteorological observations "on islands and
on distant points of the Earth's surface").
Subsequently, the meteorologists organized
a programme on further standardization of
meteorological instruments and methods of
observation. Then, they took the first steps
towards defining an international telegraphic
code for the exchange of observational data.

ConUnuiLy was
ensured by the
creation oJ a
Permanent
CommiLLee with
C.H.O. Buys Ballot
oJ the Netherlands
as President

Creating WMO
A number of events led to the transformation of the former non-gavernmental International Meteorological Organization (IMO) into the new intergovernmental World Meteorological Organization.
The first was in London in February 1946. The Extraordinary
Conference of Directors (of national Meteorological Services) took the
first step "to bring IMO back into operation, to ensure its co-operation
with other international organizations and to resume the study of constitutional and other questions the settlement of which had been prevented
by the war". The major task was to initiate action on preparing a new
draft of the International Meteorological Convention.
The next key event was the Conference of Directors in Washington
in September 1947. After a long debate the Convention was voted unanimously. Nevertheless it did not actually come into force until 23 March
1950, that being the thirtieth day after the date of the deposit of the
thirtieth instrument of ratification and accession.
WMO's aims included facilitating world-wide co-operation in establishing networks of stations for making meteorological, hydrological and
other related geophysical observations; promoting the provision of meteorological and related services and of systems for rapid exchange of
meteorological and related information; promoting standardization of
meteorological and related observations and ensuring the uniform publication of observations and statistics.
The Organization's aims are set out in Article 2 of the WMO
Convention, which appears on the inside of the front cover.

• On 23 March 1950, the Convention of
the World Meteorological
Organization entered into force. This
date is celebrated annually as World
Meteorological Day.
• In Paris, March 1951. the First
Congress of the World Meteorological
Organization (right) convened:
-To establish the constituent bodies
(technical commissions and regional
associations) of the Organization;
-To elect the officers of the
Organization; and
-To set forth the technical
programme of the Organization to
fulfill the purposes defined in
Article 2 of the WMO Convention.

7
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International research efforts-The beginning
The early history of internationally coordinated meteorological research
efforts and-in particular-of international observational experiments is
epitomized by the two International Polar
Years. On a much larger scale, more
recent programmes in which WMO has
played the role of organizer, such as the
International Geophysical Year, the Global
Atmospheric Research Programme
(GARP) and the current World Climate
Research Programme were-as will be
seen- building upon the foundation and
experience gained through these early
efforts.

The First International Polar Year
(1882-83)
The First Polar Year was a joint effort of
twelve countries (Austria/Hungary,
Denmark, Finland, France, Germany, the
Netherlands, Norway, Russia, Sweden,
the United Kingdom, Canada and the
USA) to establish and operate 14
stations surrounding the North Pole. In

addition to the strictly meteorological
measurements, observations were made
in connection with geomagnetism,
auroral phenomena, ocean currents and
tides, structure and motion of ice,
atmospheric electricity, and air samples
for analysis, etc. Observatories across
the world (over 40 of them were
involved) participated in the effort by
undertaking expanded programmes of
observations.

The Second International Polar Year
(1932-33)
In addition to the scientific programme
similar to that of 1882-83, the Second
Polar Year placed a new emphasis on
studying the extent to which
observations in the polar regions could
improve the accuracy of weather
forecasts in other parts of the world.
Additionally, it tackled the problem of
how a better knowledge of meteorological conditions at high latitudes
would help sea and air transport (the

possibility of air routes across the Arctic
had already been raised at that time).
Altogether 44 nati~ms participated
and a vast amount of observational data
was collected. New meteorological
stations were also established in the
equatorial zone but no permanent
stations yet in the Antarctic. The
experience gained in processing and
archiving these data led to a later
proposal by ICSU for the creation of
World Data Centres.

Radiosonde launched with bunches oJ small balloons by
USSR expedition, Franz JoseJ Land 1932

I"
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The International Geophysical Year
(IGY) 1957-58
WMO had already been involved in the
planning and implementation of the IGY.
The effort was planned jointly with ICSU.
The observations covered the entire
surface of the Earth-to the extent to
which that was possible. The observational period was extended to 18
months, from 1 July 1957 to 31
December 1958. Enhanced observational programmes were carried out
on 'Regular World Days' (three days
at every new moon) and on 'Special
World Days', selected in accordance
with solar activity. The meteorological
programme, besides the usual observations, included measurements of
solar radiation and atmospheric ozone.
Although ozone measurements with the
Dobson spectrophotometer began 25
years earlier, the internationally coordinated observations started during
the IGY.
Drilling to measure the thickness of bay
ice in Antarctica

A new feature of the IGY was the high
altitude rocket observation programme
with the ccroperation of the USA, USSR,
UK and Japan and the launching of the
first satellites by the USSR and the USA.
Some of the stations set up in
Antarctica for the IGY have become
permanent, and the formulation of a
scientific co-operation programme in
the Antarctic led to the signing of the
Antarctic Treaty.
M. Nicolet, Secretary-General of the
Special Committee for the IGY, remarked
afterwards "Thanks in no small part to
the active participation of WMO, the IGY
proved to be a sort of melting-pot from
which emerged clear indices for future
geophysical research ..."
Measuring Antarctic snow
temperature and density in a pit on
the ice shelf at Little America III

A Dobson spectrophotometer employedjor ozone measurement at the Aerological
Observatory, Tateno, Japan during the course ojthe International Geophysical Year

9

WMO 40 WMO 40 WMO 40 WMO 40 WMO 40

On completion of the International
Geophysical Year in 1958 the SecretaryGeneral ofWMO at that time, Mr D. A.
(now Sir Arthur) Davies, paid a special
tribute to the thousands of
meteorological observers throughout
the world for having made the required
additional observations with accuracy
and enthusiasm.
''The collection oJ data," he said,
"constitutes a unique contribution to
Juture development in the science oJ
meteorology".

By that time, the membership of the
Organization had increased from the
initial 30 to 97, making WMO one of the
most universal organizations in
existence.
The young Organization could
already look back on creditable
achievements:
• The establishment of the Technical
Regulations for further
standardization of meteorological
procedures and practices;
• The publication of a large number of
Technical Notes, helping the national
Meteorological Services all over the
world to keep abreast of scientific and
technological development;

10

• Substantial improvement of the
observing networks and datatransmission channels, whose
efficiency and regularity could senre
as an example to other branches of
earth sciences;
• Taking of the first steps to assuming
responsibility for international cooperation in operational hydrology;
• Large-scale participation in the
International Geophysical Year
programme, which included at that
time a Meteorological Data Centre in
Geneva;
• Rapidly increasing participation in
the United Nations Technical
Assistance Programme.
Mr. Andre J. A. Viaut, President of
WMO from 1955 to 1963, in a summary
ofWMO's achievements observed in
1959: "Meteorology is now undergoing
an evolution which with the passage oJ
time may one day be considered as a
revolution". That day came quite soon: a

UN Resolution in 1961, referring to the
advances in science and technology,
called upon WMO and ICSU to meet the
new challenges. We shall see these
events in turn.
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BETTER FORECASTS FOR ALL
Weather forecasting is not an art, not
even exclusively an applied science; it is
a highly technology-dependent trade, an
engineering effort in which equipment
and organization play central roles. The
electric telegraph, invented by Samuel
Morse in 1832 and first used for
transmitting weather reports in 1849,
was the first critical breakthrough.
Without such means for rapid
transmission of observational data,
weather forecasting in the modern
sense would be qUite impossible.
In fact, it was the feasibility of such
transmissions that set international cooperation in meteorology in motion.
However, it was also clear to scientists
from the beginning that the telegraph
was not the only thing needed for
making a weather forecast.
Obsenrations from large areas and an
understanding of the laws of the
atmospheric motions were also
necessary. To conquer these obstacles
the most powerful tools of advanced
technology were required: the satellite
and the computer.

Lewis Fry Richardson
(1881-1953)

work. Therefore, he also gave some
thought to the problem of organizing a
system that would be capable of
carrying out all the necessary calculations fast enough for practical use. In
his fantasy system 64 thousand human
calculators were sitting in a huge hall in
groups of 32, each performing his
specific role, messengers running
between them carrying the results,
following an elaborate design of coTHE IMPACT OF SATELLITES AND
operation. Incidentally, this huge
COMPUTERS
'theatre' of human calculators (if
The meteorological satellite is the magic realized) could hardly have done more
than a rather conventional computer
eye that looks at the weather from
was capable of doing in the late 'fifties.
above, the only means capable of
providing a global picture of the general And of course we know now that the
circulation of the atmosphere and of the task of weather forecasting requires far
motion of rapidly changing weather
bigger computing capabilities than that.
systems over land and sea.
The method, however, was recognized
as the right approach. In 1922
The significance of the computer in
weather forecasting may best be under- Richardson published a book which
stood if one recalls the pioneering work became famous called Weather
of the English Quaker mathematician,
Prediction by Numerical Process and in it
Lewis Fry Richardson (1881-1953). His he spelt out the method followed so
many years later in modern computer
religion is usually mentioned because
his results were so wrong that his fellow calculations.
scientists felt that only someone religiThe electronic computer was a
ously driven to total honesty would ever product of wartime development in the
USA. The first important non-military
have had the courage to publish them.
use of this device was, however,
Richardson was the first to develop a
mathematical model and a method for
meteorological, and it was John von
numerical weather prediction (shovm in Neumann, J. G. Charney and R. Fj0rtoft
1922). The calculation of a single sixwho published in 1950 the first
hour forecast (for 20 May 1910),
successful numerical weather
however, took many months of his hard prediction made by computer.
11
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Roughly ten years later the first
meteorological satellite started to
transmit cloud pictures. The
importance of these two achievements
had been fully recognized by the scientific community, and on 20 December
1961 the United Nations General
Assembly passed Resolution 1721/XVI
on the Peaceful Uses of Outer Space,
requesting WMO to work out a plan for
harnessing the new opportunities.
This resolution served as a basis for
WMO to act and its Secretary-General
called on expert advice from the two
countries leading in space research, the
USA and the USSR, and sought their
collaboration on a report to be
submitted to the United Nations in
1962. Thereupon the UN adopted a
resolution in which the work ofWMO
was recognized with appreciation and
which:
• Asked WMO to develop in greater
detail its plan for an expanded
programme to strengthen
meteorological services and research;
and
• Invited the International Council of
Scientific Unions (ICSUj to develop an
expanded programme of atmospheric
science research which would
complement the programmes fostered
byWMO.
Very shortly after this second resolution
WMO developed the concept of the
World Weather Watch and. together with
ICSU, presented a plan for the Global
Atmospheric Research Programme,
known by its acronym GARP.

Above: Early roomsized computers had
less power than
today's desk-top
models

Below: TiROS I being
prepared in 1960
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WORLD WEATHER WATCH

Created by WMO, the World Weather
Watch (VVWW) is a system for collecting,
analysing and distributing, throughout
the world, weather and other
environmental information. The WVVW
is an outstanding achievement in
international co-operation: in few other
fields of human endeavour has there
ever been such a truly world-wide
system, applying up-to-date scientific
knowledge and technological
developments, and to which virtually
every country in the world contributes,
every day of every year, for the common
good.
The WWW has three main
components:
• The Global Observing System,
comprising facilities on land, at sea,
in the air and in outer space for the
observation and measurement of
meteorological elements;
• The Global Telecommunication
System for the rapid exchange of
observational information as well as
analyses and forecasts produced by
the third component;

"Scientists have studied the
atmosphere for many decades but its
problems continue to defy us ... Here
new scientific tools have become
available. With modern computers.
rockets and satellites. the time is ripe to
harness a variety of disciplines for a
concerted attack ... the atmosphere
sciences require world-wide observation
and hence, international co-operation ...
we shall propose further co-operative
efforts betwee'n all nations in weather
prediction ... and ... a global system of
satellites linking the whole world. "
Thus encouraged, the General
Assembly passed a resolution calling on
WMO to study measures that would:
(aJ Advance the state of atmospheric

science and technology so as to
prOVide greater knowledge of basic
physical forces affecting climate and
the possibility of large-scale weather
modification; and
(bJ Develop existing weather forecasting

capabilities and help Member

Academician V A.
Bugaev (USSR) and
Dr H. Wexler (USA)
discussing the plan
Jar the World Weather
Watch

• The Global Data-processing System,
a network of computerized dataprocessing centres around the world.
These are backed up by a variety of
supporting activities including the
standardization of observing methods
and techniques, the development of
common telecommunication procedures
and the presentation of both observational data and processed information
in a manner which is understood by all,
regardless of language.
How WWW began

The origins of WWW lie in the UN
General Assembly Resolution on the
Peaceful Uses of Outer Space,
mentioned previously, which itself owed
much to the address made by US
President J.F. Kennedy to the same
session of the General Assembly in
September of the same year:
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countries make effective use of such
capabilities through Regional
Meteorological Centres.
WMO was ready to respond to the
request and produced a plan for the
World Weather Watch. The programme
was launched in 1963 with the blessing
ofWMO's Fourth Congress. Few at the
time suspected that the reference to
"large-scale weather modification" in the
resolution would, 25 years later, come
to have a significance very different
from the cloud-seeding experiments
then in people's minds.
From the beginning the WWW Plan
was intended to be implemented and
operated by Members of WMO
themselves-to the extent that their
resources permitted.
Implementation of the Plan in regions
outside the territories of individual
countries (including outer space, ocean
areas and Antarctica) was based on the
voluntary participation of countries
prOviding facilities and services from
their national resources. A Voluntary

Instrument intercomparison
The observations made with meteorological instruments of different
manufacture are valuable for meteorology only if their data are directly
comparable. This is ensured by regular instrument comparisons carried
out under perfectly-controlled conditions

Right: International testing oJpyrheliometers-Ensenada, Mexico
Below: International radiosonde comparison-Beaufort Park, UK
Below right: International hygrometer site-Oslo, Norway
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Assistance Programme (now called the
Voluntary Co-operation Programme)
was established to help countries to
contribute to and benefit fully from the
global system. These and most of the
other principles and ideals formulated
at the inception of theWWW are still
valid today.
Early progress
In the early days the observing system
comprised some 8 000 meteorological
stations on land and 4 000 merchant
ships making observations during their
voyages. About one in ten of the land
stations, with balloon-borne
instruments, made soundings of
atmospheric conditions up to heights of
30 km. These were complemented by
measurements from 3 000 aircraft and
intermittent cloud observations from
polar-orbiting satellites.
Progress, using conventional
observing methods and systems, proved
to be slow. Today the number of
observing stations on land has
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increased to over 9 500 and the mobile
ship stations to 7000 but the real
progress in filling the gap came in the
1970s with the rapid development of
meteorological satellites and of
automated observing systems.
The launching of satellites has
revolutionized meteorology in general
and the Global Observing System in
particular. Nowadays, at any given time,
four highly instrumented satellites
carrying automatic picture-transmitting
equipment orbit the Earth at a height of
800 km to 1 000 km in a path taking
them over the North and South Poles.
As the Earth rotates beneath the orbits
of these satellites, every point on its
surface is under surveillance twice
per day. These satellites provide global
observations of the Earth's cloud cover,
vertical temperature and humidity
profiles, sea-surface and land
temperatures and snow and ice cover.
A second system of satellites is
known as geostationary or Earthsynchronous, which means that the
satellites revolve at the same speed as

the Earth over whose Equator they are
poised and are thus 'stationary' relative
to the Earth. There are five, positioned
far out in space (about 36 000 km) to
provide coverage of meteorological
conditions between latitudes 50 0 N and
50 0 S and a telecommunication relay
point for collecting and distributing
data.
Some of the observational gaps on
the Earth's surface have also been filled
through the use of automated systems.
The 1980s have seen the introduction of
some 350 automated or partially
automated weather stations on land,
100 moored buoys or other fixed
platforms serving as automatic marine
stations and several hundred buoys, of
which about 200 are at present active,
drifting with the ocean currents. Upperair observations over ocean areas from
commercial vessels have also been
highly automated.
Prior to the introduction of the WWW
there was no organized world-wide
data-processing system as such. During
the formulation of the early plans there

15

WMO 40 WMO 40 WMO 40 WMO 40 WMO 40

output products are used by RMCs in
preparing regional products for use by
NMCs in the forecasting of small, mesoTypical fields of application
and large-scale weather systems as well
of supercomputers
as morl\: detailed, tailored products for
- fluid dynamics
- weather forecasting
national users.
- nuclear physics
The system has continuously evolved,
- seismology
the number and quality of the output
- structural analysis
products increasing steadily from year
(/)
FUTURE
et::
10
W
to
year. The three WMCs, in Melbourne,
f0SYSTEMS
Moscow and Washington, now produce
B: 2nd generation
~
supercomputers
2
almost 350 analyses and forecasts daily
u
while the RMCs between them make
et::
W
Cl..
well over 2 000 products available, the
Gyber 205 HtTAC
:::>
coverage and format of presentation
SXi S-810/20
.. Up to one
YP·200 CRAY X-MP/48
gigabyte
depending on the requirements of
FACOM M·280 D
semiconductor
MPP
NMCs and the available distribution
Cray I S-810/l0
storage
systems. The improvement in quality
100
.
HEPi
can be measured in terms of forecast
ILLiacW
60
accuracy which, in the northern
Star
ASC
hemisphere, is the same now for seven
20
days
ahead as it was in 1980 for three
1st
generation
10
vector computers
of four days ahead and for only a couple
of days ahead in the early 'sixties.
1970
1975
1980
1985
All these data and products are
Year of introduction
exchanged around the world with a
degree of speed, automation and
Development of
was much debate-and doubt-about
efficiency not thought possible by the
computer power has
the role of such a system, particularly
creators of the WWVv in the early 1960s.
permitted much of the
since each nation was expected to
In those days observational data were
improvement in
retain an independent weather analysis gathered nationally and sub-regionally
forecasting
and forecasting capability, to meet
mainly by telegraph or telephone, or
national requirements. But the arrival
occasionally over land-lines, and
of supercomputers and the development broadcast using relatively unreliable
of highly sophisticated numerical
high-frequency radio transmissions to
analysis and prediction procedures
regional centres. These centres
clearly showed that a network of World
prepared bulletins manually for
and Regional Meteorological Centres
rebroadcast according to pre-arranged
(WMCs and RMCs) was indispensable.
schedules. With very few point-ta-point
It is simply not possible for every
circuits the system was slow,
National Meteorological Centre (NMC) to cumbersome and not very reliable.
have the expenSive computer and
Most transmissions were (and a few
telecommunication facilities and the
still are) no faster than 50 bits per
expertise required to process the eversecond or about 75 words per minuteincreasing volume of observational data not much faster than can be managed
and make use of the up-ta-date
by a typist. In the mid-'seventies nearly
knowledge in numerical analysis and
all of the 22 circuits on the Main
prediction techniques.
Telecommunication Network (MTN) of
In general terms, the WMCs
the GTS were operating at 2 400 bits
undertake analyses and forecasts on a
per second, a rate which has since
global scale and prOVide products which been quadrupled and is likely to be
are used for general short-, mediumdoubled again to 19 200 bits per
and long-range forecasting of largesecond in the near future. This has
scale meteorological systems. These
been made possible by the introduction
(/)
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GEOSTATlONARY
ORBIT

of computers and the gradual
automation of the telecommunication
centres in their functions of collecting,
sorting, selecting and retransmitting
vast amounts of data to various
destinations. Today almost all of the 18
centres on the MTN have been fully or
partly automated. A number of other

,~

-

regional centres and over 30 national
centres have now also introduced
automation.
The WWW was designed as a flexible,
evolving system able to incorporate
technological advances as they came
along. It is clear that there have been
astounding developments in the past
--.,\

1

i

Orbits oJ meteorological
satellites-polar at low
altitudes: equatorial
geostationaryat
36000 km

;

I

Modern weather
centres process vast
amounts oJ data on
sophisticated systems
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Global Atmospheric Research Programme
As already mentioned, the concept for
this global effort had been worked out
jointly by WMO and ICSU in response to
the United Nations General Assembly
Resolution 1802jXVII (December 1962).
As it happened, it had become the most
ambitious scientific undertaking in the
history of meteorology, if not in the whole
field of geophysical science. The
principal objective was to study the
dynamics of the atmosphere in order to
( ..
extend the range of useful weather
forecasts. The development of a global Weather observation aircraft at Geneva during ALPEX
satellite-based observing system,
complementing the conventional surface- pated in its implementation by collecting extensive research leading to new
based network and the advances in additional meteorological observations methods of analysis in operational
atmospheric modelling and electronic and mounting special observing systems. weather forecasting and stimulating
computing, provided the basis for a The GWE also encompassed investi- major improvements in the forecasting
compelling success and, subsequently, gations of regional monsoonal models themselves. These advances,
a dramatic progress in meteorology. circulations, so critical for human well- coupled with large increases in computer
Although research activity and planning being and food production, in Asia and power, have directly resulted in
continued throughout the fifteen years of West Africa.
substantial developments in the range
the GARP (196 7-1982), the focal points
The impact of the GWE on mete- and accuracy of weather forecasts. In
of the programme were the major field orology and operational weather turn, this has led to the introduction of
experiments.
forecasting has been enormous and far- many new and improved forecasting
For instance, at the outset of the reaching. In particular, the GWE produced services for aviation, agriculture, energy
GARP, it was realized that knowledge of resources necessary to establish a production, ship routeing and offshore oil
the tropical atmosphere was particularly global system of geostationary and polar and gas industries.
limited. The first major field activity was orbiting satellites which now forms the
The last field experiment conducted
therefore the GARP Atlantic Tropical backbone of the World Weather Watch. within the framework of the GARP was
Experiment (GATE), which took place Furthermore, the GWE data, constituting the Alpine Experiment (ALPEX) in 1982
from June to September 1974. The the most comprehensive compilation which again involved joint concerted
experiment was unprecedented in its of meteorological variables ever effort by Meteorological Services and the
scale and success, some seventy assembled, have been the basis of scientific community in collecting and
countries participating and deploying an
observational system comprising forty Some oJ the large fleet oJ observing vessels assembling at DalcarJor GATE
ocean research vessels, special aircraft
and balloons, supplemented by
measurements from meteorological
satellites. Unique data were gathered
over the tropical Atlantic which have been
fundamental in the study of cumulus
convection processes and their relation
to large-scale weather systems in the
tropics.
The crowning achievement of the
GARP was undoubtedly the Global
Weather Experiment (GWE) in 1979,
during which national Meteorological
Services, space agencies and research
institutions set out to study the entire .
global atmosphere in detail for a full year. Virtually all Members of WMO partici-
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analysing data in the Alpine region. These
data are made available for research
aimed at understanding lee cyclogenesis
and the mechanisms driving local
mountain winds such as the mistral, fbhn
and bora. The fact that it has become
possible now to take into account with
reasonable accuracy the effects of
mountains in forecasting models is proof
of the achievement of ALP EX.
The success of the GARP was an
outstanding example of what could be
achieved by two bodies, WMO, an intergovernmental organization, and ICSU,
non-governmental, closely co-operating
in a spirit of determination and good will.
During the GARP experiments, WMO and
ICSU accumulated a vast amount of
experience which is proving of great
value in the World Climate Research
Programme. This programme can,
similarly, be expected to make enormous
advances in the earth sciences.

Right: Launching a meteorological
balloonJor upper-air measurements

Below: Dalcar air traffic control during
CATE

Below right: NASA mobile radar
equipment gathering dataJor CARP
-:~"--"""'"T'r---~__
"":..~
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forty years and there is no reason to
believe that we are anywhere near the
limits of improvement in the system.
There is still a considerable way to go in
realizing the full potential of satellites;
the capacit.y and speed of computers
continue to increase; scientific
knowledge and understanding of the
atmospheric processes as well as the
abilit.y to forecast atmospheric
phenomena'continue to improve; and
the prerequisite of Member countries
being ready and willing to co-operate to
the greatest possible extent, for the
good of all, is ever present.
To make the best use of new types of
facilities, of new methods and
techniques. and to ensure their
integration into the WWW in the light of
changing requirements. the relatively
new concept of Operatio:1al WWW
Systems Evaluations (OWSEs) has been
introduced. Two OWSEs are currently
under way: one in the North Atlantic
and the other in Africa. The first is
aimed primarily at determining the best
mix of obserVing techniques and
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installations in a composite obserVing
system which will meet data
requirements in the area, and the
second at evaluating the sUitabilit.y of
data-collection platforms associated
with the latest geostationary satellite for
the collection and distribution of
meteorological data in Aflica. These and
other OWSEs will provide a basis for the
continued improvement of the WWW.

Satellite view oJ a
pair oJ tropical
cyclones recorded
on 24 August 1974
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The opemtion of a typical national Meteorological Service: observations and data collection are followed by data processing
and prepamUon offorecasts. warning and climatological advisories which are disseminated to specialized users
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CLIMATE CHANGE

Retreating glaciers
give unmistakable
evidence oJ climatic
change

CL

That there were ice ages in the past is
common knowledge, making the nonscientist prepared to admit that climate
can change. The evidence of glacial
land forms is plain to see once you
know what to look for-moraines,
corries, crag-and-tail, roches
moutonnees, eskers, glacial clay, etc.

But today's surge of interest in the
possibility or probability of climate
change, which is now a matter of
concern at the highest political level,
owes very little to academic interest in
understanding nature's repeated iceage experiments of thousands and
millions of years ago.
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The human consequences oJ drought in the Sahel

The Earth's atmosphere endangered
The concern for climate really started
with the human drama of the Sahelian
famines in the early 'seventies; bringing,
through the medium of television, the
consequences of drought and desertification to the notice of people all over
the world.
The main issue is that mankind,
through its industrial, agricultural and
other activities, can cause irreversible
changes in the global atmosphere as well
as in other components of the Earth
system (oceans, land surface, biomass)
which interact with the atmosphere. It is
clear now that some of these changes are
already in the making and can endanger
the life-supporting capabilities of the
Earth system. Well-known examples
include the projected climate warming
caused by increasing concentrations of
CO 2 and other greenhouse gases (see
p. 24) and ozone depletion related to the
emission of chlorofluorocarbons into the
atmosphere (see p.26).
WMO can rightfully claim to have
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of these stations in Sweden gave the first
been quick to recognize these issues.
indications of a serious environmental
Small wonder; after all, among
problem: acid rain. It was obvious at
meteorological scientists there was an
that time that new programmes were
acute awareness of the importance of
required to monitor the impacts of
monitoring ozone and atmospheric
chemistry by the early 'fifties. In some
increased acidity on the environment. In
the mid-'sixties WMO initiated the
specific areas of study the earliest
Background Air-Pollution Monitoring
investigations were made even before
(BAPMoN) programme, and began to
then.
assemble environmental data from all
For instance, the interest in the
over the world.
chemical composition of precipitation
The accurate measurement of CO 2
goes back to as early as the 1750s when
the first such measurements were made. concentration had been among the most
difficult tasks, hence the regular acquiThe broader subject of atmospheric
sition of such data had been retarded. In
chemistry began to develop after World
spite of those difficulties, however, the
War n. At that time, scientists became
Finnish oceanographer K. Buch, at an
interested in the chemical cycles in the
Earth-atmosphere system. Precipitation informal Conference on Atmospheric
Chemistry in Stockholm in 1954, urged
composition became an integral
the study of atmospheric CO 2 , As a
measurement needed to describe the
result of this meeting, a network of 15
materials that cycle through the
atmosphere. WMO was strongly involved stations in the Scandinavian countries
was established. Samples were collected
in the implementation of the IGY
three times per month and analysed,
1957/58. A number of observing
some at Stockholm and some at
stations were set up throughout the
world; some of these were continued into Helsinki. The mean of all observations
the next decade. In the late 'sixties some for the first year was about eight parts

The Wl\IIQ Background
Air Pollution Monitoring
Network (BAPMoN) and
Global Ozone Observing
System (GOPS)
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Greenhouse gases
Publication in 1894 of the first data on
the radiation-absorbing properties of
CO 2 led to the recognition that this gas
plays a significant role in the heat
budget of the atmosphere. The
Swedish Nobel Prize chemist,
S. Arrhenius, presented a theory in
1896 on changes of the world's climate
due to fluctuations in the CO 2 content
of the atmosphere.
A greenhouse gas is one which
affects the transmission of radiation
through the Earth's atmosphere. It so
happens that the major constituents of
the atmosphere, oxygen and nitrogen,
have no greenhouse qualities. They
have no appreciable effect on the sun's
radiation at visible wavelengths nor
when it is re-radiated away again at
much longer wavelengths in the infrared part of the spectrum. If nitrogen
and oxygen made up the entire volume
of the atmosphere the Earth's climate
would be far harsher than it is, with
much greater extremes of temperature.
What makes the difference is a very
small volume of water vapour, carbon
dioxide (C0 2), ozone (03) and some
other 'greenhouse gases'. These
impede the outward flow of radiation
from the warm surface of the Earth.
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Consistent measurements oj carbon dioxide concentration
started in 1957 during the International Geophysical
Year (IGY). Since that time an unbroken series oj
measurements has been maintained at two sites
jarfrom the main centres oj industry and
population: Mauna Loa in Hawaii and
the South Pole. The graph oj the slow
rise in atmospheric concentration
mo<;iulated by the seasonal
variations has recently
become one oj the most
jamiliar illustrations
in environmental
texts.
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Mauna Loa, Hawaii
1960

1964

1972

They act in some way as the glass in
a greenhouse acts to impede the cooling of the interior, hence the term. It is
fortunate that they create a natural
greenhouse effect and they play a critical role in the maintenance of life on
Earth. Overall they are believed to raise
the global average temperature by 3335 degrees Celsius to the equable average of plus 15 degrees Celsius.
The problem is that CO 2 is rising in
concentration by nearly half of one per
cent per year due to the activities of

per million volume (ppmv) higher
than the 1935 measured values, which
lent support to the idea of a secular
increase.
The middle 1950s brought a technological improvement which simplified the
measurement of atmospheric CO 2 and
increased its accuracy. The infra-red
CO 2 analyser started to be used and,
with the new infra-red technique
available, it was decided in the USA that
an attempt should be made during the
International Geophysical Year 1957 to
obtain some definitive measurements at
sites as unaffected as possible by urban
pollution or biological activity. H. Wexler
of the US Weather Bureau was successful in establishing CO 2 programmes in
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1968

1976

1980

1984

1988

man. The concentrations of some other
gases, like methane, surface ozone,
nitrous oxide and CFCs, grow even
faster. All in all these other gases are
believed to double the rate of rise in
temperature likely to be caused by the
increasing concentration of CO 2 alone.

the Antarctic and at the Mauna Loa
Observatory in Hawaii, which later
became BAPMoN stations.
Agreement among all available data
sets has established beyond any doubt
the reality of an increase in atmospheric
CO 2 , The Mauna Loa record is very
nearly continuous from March 1958 to
the time of writing, or a period of more
than 30 years. It thus constitutes the
most definitive data set in existence for
atmosphelic CO 2 , According to this
record, CO 2 has increased throughout
the world from about 313 ppmv in 1958
to about 351 ppmv in 1989.
We may conclude in confidence that
the combustion of carbonaceous fossil
fuels is raising the CO 2 content of the
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ECOSOC response to WMO initiative
On 1 August 1978, the Economic and Social Council of the United Nations responded to WMO's initiative on the climate
with the following resolution:
Considering that climatic factors have a direct bearing on many national programmes and activities in the economic and
social fields,
Considering further that recent events, both in developing and developed countries, have shown the increasing vulnerability
of national economies to climate and to climate variability,
Noting that the World Meteorological Organization is preparing a plan for a World Climate Programme which will be submitted
to the Eighth World Meteorological Congress in 1979 for adoption,
Noting further that the plan will provide for a new and comprehensive approach to the study of climate in all its aspects
and will have particular reference to the impact of climate on human activities,
Aware that the co-operation of other appropriate organizations and programmes within the United Nations system has
been sought and is being given in the preparation of the plan,
1. Commends the World Meteorological Organization for its initiative in deciding to prepare a plan for a new World
Climate Programme;
2. Endorses this decision fully;
3. Requests the World Meteorological Organization to give particular attention to those aspects of the World Climate
Programme which will give prompt and effective assistance to national planners and decision-makers
in formulating economic and social programmes and activities in their respective countries;
4. Invites all other appropriate organizations and programmes within the United Nations system to continue to
co-operate as fully as possible with the World Meteorological Organization in the preparation of the plan
for the World Climate Programme and in its subsequent implementation;
5. Requests the World Meteorological Organization to report to the Council at its second regular session, 1979,
on the details of the approved Programme and other developments in this connexion.

35th Plenary meeting
1 August 1978

atmosphere by 0.2-0.5 per cent per year; WORLD CLIMATE PROGRAMME
the CO 2 abundance is expected to reach
600 ppmv in the next century, even if
Climatology has always been a major
growth of fossil fuel use is decreased.
field of study for meteorological
It is the objective of the Global
institutions. This had been very visible
Atmosphere Watch and its BAPMoN
in the activities of the International
stations to establish global levels, as well Meteorological Organization (WMO's
predecessor, established in 1873) and
as variabilities and trends of the
atmospheric CO 2 concentrations, with
climate studies continued to be a
priority area of international cosufficient accuracy over both
characteristic land and ocean biomass.
operation when WMO was created.
In order to understand better the carbon
In 1974, when-as we have
cycle and the ocean's role as a source
seen-the question of climate change
and sink for CO 2 , measurements of
.came to the fore, the WMO Executive
Council agreed that WMO should
dissolved CO 2 in ocean water are
initiate an international programme on
considered as well.
climate. A Panel of Experts on Climate
Change was therefore created. It very
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quickly co-opted representatives of
other interested organizations to lay
the foundations of the new programme.
The proposals made by the panel
were discussed at various forums and
finally it was decided that WMO
should establish a wide-ranging World
Climate Programme. A major
milestone in the development of the
new programme was the First World
Climate Conference convened by WMO
in February 1979. The problem of
possible human influence on climate
was recognized as an issue of special
importance.
In an appeal to nations the
Conference Declaration stressed the

urgent need 'Jor the nations of the
world:

-To take fun advantage of man's
present knowledge of climate;
-To take steps to improve significantly
that knowledge;
-To foresee and to prevent potential
man-made changes in climate that
might be adverse to the wen-being of
humanity".
The Eighth World Meteorological
Congress, meeting in 1979, shortly
after the Climate Conference, formally
created the World Climate Programme.
It was agreed that WMO would

Ozone
An ozone molecule consists of three
atoms of oxygen. The normal oxygen in
the atmosphere exists as a molecule
with only two atoms of oxygen and the
difference is enormous.
Ozone is much more reactive than
oxygen and is toxic to human beings
and living matter. As a pollutant at
ground level it is suspected of damaging
forests. Up in the stratosphere it functions both as a greenhouse gas and as
a filter for ultra-violet radiation. A fall in
the total ozone concentration, and
consequent rise in the penetration of
ultra-violet radiation, could cause deleterious effects, such as skin cancers.
The concern that resulted in governments signing the 1987 Montreal
Protocol with unusual speed arises from
the realization that the ozone layer in the
stratosphere is being destroyed by manmade substances called chlorofluorocarbons (CFCs) and halons. These are
used as refrigerating fluids and spraycan propellants because they are convenient and cheap. They are very stable
and remain in the troposphere for many
decades but as they diffuse eventually
into the stratosphere the chlorine they
contain is liberated and catalyses the
break-up of ozone. This has been known
in theory since 1974 through the work
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Computer-generated colours show ozone concentrations over the south polar
region, October 1987

of Professors Rowland and Molina in
California. The most dramatic manifestation of ozone depletion-the famous
Antarctic ozone hole-had been first
detected by Dr Joe Farman at the British
scientific station in Antarctica from
routine measurements as part of the
WMO Global Ozone Observing System
(G0 30S).
So far as the greenhouse effect is
concerned ozone comes on stage
twice.
• First, it absorbs infra-red radiation,
as do carbon dioxide and the
CFCs,contributing directly to the

effect;
• Second, a decrease in total ozone
resulting in increased ultra-violet radiation reaching the upper layers of the
sea may cause the death of phytoplankton. If this happens the marine
biomass will be less able to absorb
the carbon dioxide dissolved in the
water, reducing the ocean's effectiveness as a carbon sink. The effect of
this would be to leave more carbon
dioxide free in the atmosphere.
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Intergovernmental Panel on Climate Change
In response to the growing international concern about climate change,
the World Meteorological Congress
(May 1987) suggested that an intergovernmental
mechanism
be
established, jointly with the United
Nations Environment Programme
(UNEP), to study all issues related to
climate change.
A major stimulation to this concern
was the increasing awareness of the
environmental and economic consequences of the rising concentration of
'greenhouse gases' (carbon dioxide,
methane, nitrous oxide and chlorofluorocarbons) which interfere with the
existing heat balance of the Earthatmosphere system.
Indeed, scientists participating in
the WMO/UNEP/ICSU "International
assessment of the role of carbon dioxide and other greenhouse gases in
climate variations and associated
impacts" (Villach, October 1985) had
concluded that, if present trends
continued, a global warming of 1.5°C
to 4.5°C would be likely by the middle
of the next century, resulting in a rise
in sea-level of between 20 and 140
centimetres.

The WMO/UNEP proposal was
widely supported and by November
1988 the Intergovernmental Panel on
Climate Change OPCC) had come into
being. The panel, faced with the
formidable task of studying all issues
related to climate change, established
working groups to:
• Assess available scientific information on climate change;
• Assess environmental and socioeconomic impacts of climate
change;
• Formulate response strategies.
In addition to these three areas of
study, IPCC was requested by UN
General Assembly Resolution 43/53
(see p.3l) to make recommendations
regarding:

report by the end of August 1990-a
very short time given the complexity
of all the subjects tackled and the
interactive nature of the tasks.
Pressure has mounted steadily as the
working groups strive to complete
their reports within the deadline.
Numerous organizations, institutions
and some 1 000 scientists and
experts from both developed and
developing countries are involved.
The IPCC First Assessment Report
will be available for consideration at
the
Second
World
Climate
Conference and at the forty-fifth
(1990) session of the UN General
Assembly.

• The identification and possible
strengthening of existing conventions and protocols with a bearing
on climate;
• Elements to be included in a possible international convention on
climate.
The IPCC agreed to finalize its first

Ouer two-thirds oJ the
Earth's swJace is sea,
so ocean research
ships Wee Japan's
Chofu Maru haue a
uital role in gathering
basic data
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Global Atmosphere Watch
Certain pollutants emitted into the
atmosphere may accumulate in it,
change its composition and its
radiative balance and, among other
things, may be causing a change in
the climate of the Earth. Pollutants
are affecting the health of human
beings and animals, damaging
vegetation and soil, and causing
stone, concrete and metals to
deteriorate. The depletion of the
stratospheric ozone layer, the
increase in tropospheric ozone
(ozone in the lower 10-15 km layer
of the atmosphere), the rise in
carbon dioxide and methane
concentrations and higher levels of
acidity in rain all directly reflect the
increasing influence of human
activity on the global atmosphere-the life-support system of
the planet Earth.
WMO's responsibility within the
United Nations system is to provide
the authoritative scientific voice on
the state and behaviour of the
atmosphere and climate of our
planet. Established in 1989, WMO's
Global Atmosphere Watch integrates
many monitoring and research
activities involving the measurement

of atmospheric composition. The
new system will strengthen WMO's
activities which have been carried
out since the 1950s mainly under
the separate Global Ozone
Observing System and the
Background Air Pollution Monitoring
Network.
The Global Atmosphere Watch
also serves as an early warning
system to detect further changes in
atmospheric concentrations of
greenhouse gases, changes in
stratospheric ozone and in the longrange transport of pollutants
including acidity and toxicity of rain
as well. Dust load and changing
quantity and photochemical
transformations of aerosol particles
in the atmosphere are also
monitored. GAW is an essential
means of improving understanding
of atmospheric behaviour and its
interactions with the oceans and the
biosphere. It will enable prediction
of future states of the atmosphere
and related earth systems and will
also serve as a framework to plan,
design, advise, co-ordinate and
scientifically evaluate global
atmospheric-composition monitoring

activities. Decisions on the
environment in the 21 st century will
be highly dependent on the series of
observations carried out within the
framework of this programme.

World Climate Research Programme-major themes
Current programmes:
(a) Climate data activities-sea-surface temperatures, precipitation climatology, air-sea fluxes;
(b) Developing atmospheric general circulation models;
(c) Research on climate processes-land-surface properties,clouds and radiation, sea ice and climate;
(d) Tropical Ocean and Global Atmosphere (TOGA)-ocean-atmosphere coupling ten-year programme began 1985;
(e) Global oceanic circulation modelling programme and five-year field phase for early 1990s (WOCE);
(f) Study of climate forcings-the potential response of climate to external factors such as volcanic events or
human activities such as fuel burning;
(g) Global change-giving technological and methodological support to the International Geosphere-Biosphere
Programme to study global change.
A major new area of concern is a programme on greenhouse gases.
The Global Energy and Water Cycle Experiment (GEWEX) (see later) will be a major project with field observation during
1995-2000.
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assume responsibility for the overall
co-ordination of the programme and
for the climate data and applications
components, the United Nations
Environment Programme would be
responsible for the climate impact
studies component and WMO together
with the International Council of
Scientific Unions would jointly
implement the climate research
programme. A large number of other
organizations and institutes also
agreed to contribute to the programme.
Now, as the World Climate
Programme enters into its eleventh
year, its major objectives are
recognized, in the light of recent
developments in the world, as being of
far greater importance than originally
perceived.
One of the important components
of this programme is closely
connected to the earlier Global
Atmospheric Research Programme
(GARP) the original concept of which
included (as its so-called 'second
objective') the furtherance of the
study of the basic physical processes
that affect climate.
This very ambitious research
programme aims at determining to
what extent climate can be predicted
and the possible influence of man's
activities on climate. Since these
studies require input from many
scientific disciplines they are
organized jointly by WMO and the
International Council of Scientific
Unions.
One of the major issues in
understanding the physical basis of
climate and climatic change concerns
the effects of clouds on radiative
transfer. The International Satellite
Cloud Climatology Project was
therefore launched to establish the
global distribution of clouds and
cloud-radiation feedback based on
radiances measured from the operational meteorological satellites (see
picture on the cover).
The first related oceanographic
research programme has been
focused on the linkage between

anomalous sea-surface temperature
patterns which develop in the vicinity
of the Equator and changes in the
global atmospheric circulation (the
Tropical Ocean and Global Atmosphere
(TOGA) programme). The World Ocean
Circulation Experiment (WOCE) is an
even more ambitious project aimed at
understanding and modelling key
aspects of the world ocean circulation
and their relation to climate.
The World Climate Research
Programme also needs to characterize
with increased precision various
energetic processes which determine
the atmospheric regime over long
periods. For this reason, a major new
programme of observing, analysis and

The inaugural launch
oJ a balloon-borne
ozonesonde at

Vicecomodoro
Marambio Antarctic
Meteorological Centre.
Ajoint venture
between Argentina
and Finland
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modelling designed to improve the
understanding of atmospheric
thermodynamics and the hydrological
cycle is being planned: the Global
Energy and Water Cycle Experiment
(GEWEX). GEWEX depends on the
increasing capabilities of space
observing systems expected with the

development of the new generation of
polar platforms for Earth observation
and manned space stations.

Importance of climate data
Data form the cornerstone of all scientific
investigations of climate and WMO is
implementing, co-ordinating and operating
many projects to improve availability and
quality of climate data throughout the
world. The integrating central project,
called CLlCOM, aims at assisting mostly
developing countries in upgrading their
own climate data processing facilities.
CLlCOM is in fact a system which includes
three major components: hardware, software and training. Assistance in maintenance is also provided. The hardware is
basically any IBM-compatible personal
computer with the necessary peripheral
equipment. A typical CLlCOM station is
designed so that it can perform all the A typical climate archive. Climate data for Canada are stored on 10 000 reels of
functions of acomplete traditional climate magnetic tape. each 2 400 feet long
data centre. It is designed to perform data
entry, quality control, storage and retrieval, tutions where climate research is being climate data available in meteorological
celJtres into carefully verified reference
data inventories and basic climatological carried out.
DARE, the Data Rescue programme, data sets. The most important of those
information products. In the past few
years, CLlCOM stations have been is designed to save rapidly deteriorating projects is the Climate Change Detection
installed in over 78 countries. WMO's goal written meteorological records in some Project. The fullest and most reliable data
is by 1990 to have this system operational developing countries, by microfilming the sets based on long-term observational
in over 100 Member countries and by 1992 information then entering it into computers records will permit an authoritative assessto have established climate data manage- for quality control and to provide easier ment of climate change and variability.
ment systems in all Member countries. access to long-term records for studying
Training in the use of the system and in trends in climate and extreme events. This
applications of climate analyses to various project is fully implemented in nine African
economic activities in agriculture, energy countries and under way in ten others.
and water management is an integral part Both DARE and CLlCOM are being carried
out in developing countries through the
of the project.
WMO co-ordinates both the acquisition generous support of a number of national
and analysis of global climate data via the donors and international agencies.
For current and future assessments of
WWW Global Telecommunication System.
These data and analyses are then changes in surface temperature of the
forwarded to WMO and associated planet, and in any other meteorological
centres and compiled into monthly elements such as clouds and rainfall
bulletins. The bulletins are distributed patterns, the WMO Executive Council
throughout the world to scientists and inst~ agreed to set up projects to consolidate
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The forthcoming Second World Climate Conference
The World Climate Programme was
established by the Eighth World
Meteorological Congress in 1979
following the recommendations of the
(first) World Climate Conference. In
1986 WMO began planning for the
Second World Climate Conference
which will focus on a review of climatechange issues in the light of new
scientific knowledge. As the planning for
SWCC has progressed, in the past two
years we have seen governments of
both industrialized and developing
countries taking action in an effort to
arrive at a global consensus on how to
protect the environment of our planet.
The measures which have been taken
give an idea of the context in which the
SWCC will take place and how worldwide concern has steadily mounted.
In June 1988, an international conference was held in Toronto on The
Changing Atmosphere: Implications for
Global Security. It termed man-made air
pollution "an unintended, uncontrolled,
globally pervasive experiment whose
ultimate consequences could be
second only to a global nuclear war"
and made specific proposals for
national and international action,
including a convention for the protection
of the atmosphere, creation of a World
Atmosphere Fund, increased funding for
research, monitoring and technology
transfer and targets for carbon dioxide
emission reductions and energy
efficiency improvements.
In November 1988, governments
began to pay increasingly serious
attention to climatic change and an
initiative of the Government of Malta led
to the UN General Assembly adopting
Resolution 43/53 on the Protection of
Global Climate for Present and Future
Generations of Mankind. The USSR
called for the strengthening of UN
institutions and a possible environmental
security council to deal with major
global environment issues including
climate warming. The US Secretary of
State, James Baker, stated in January
1989 that "one can probably not
afford to wait until all of the uncer-

tainties have been resolved before we
do act".
The same month the Intergovernmental Panel on Climate Change (lPCC),
created by WMO and UNEP, held its first
session in Geneva, attended by 30
countries.
Then an international meeting of legal
and policy experts in Ottawa in February
1989 produced a comprehensive listing
of the principles and articles which
should be included in any umbrella
agreement on the atmosphere and a
supplementary list of items which would
be needed for a specific framework
agreement on climate. That same
month, an international conference in
New Delhi called global warming "the
greatest crisis ever faced collectively
by humans".
In March 1989, twenty-four Heads of
State signed the Hague Declaration
which affirmed that "the very conditions
of life on our planet are threatened by
severe attacks to which the Earth's
atmosphere is subjected".
At the Economic Summit Meeting of
the seven largest western industrial
nations (Paris July 1989) the Heads of
State issued a communique strongly
advocating "common efforts to limit
carbon dioxide and other greenhouse
gases which threaten to induce climate
change". While some people have
expressed concern about rhetoric and
lack of 'real action', others are encouraged that the environment has captured
political attention as never before.
In November 1989, the Netherlands
hosted a ministerial meeting in
Noordwijk attended by 67 countries
(see box on page 3). These countries
agreed on several steps that should be
taken by the IPCC and stressed the
importance of the Second World
Climate Conference. They identified the
need for additional funding to help
preserve the world's forests and to
strengthen climate research, prediction
and monitoring. The next day, at the
United Nations in New York, the British
Prime Minister, Margaret Thatcher, put
actions to words by pledging £100

million for rainforest regeneration and
£5.5 million annually for five years for
a new United Kingdom centre for
climate-change prediction.
Three international organizationsUNEP, Unesco and ICSU-had joined
WMO as co-sponsors of the Second
World Climate Conference and several
individual countries had volunteered
substantial financial support. The
Conference, to be held 29 October to
7 November 1990, will consist of two
parts: six days of scientific and technical
discussions followed by a two-day
meeting of Ministers. A full-time Coordinator for SWCC was appointed and
his office was established at WMO
Headquarters in mid-August 1989.
The scientific and technical discussions will distil the advice of 350 or
more experts, representing all regions
of the world, drawn not only from the
atmospheric science community but
also from other major scientific and
socio-economic sectors affected by
climate and climate change, including:
oceanography, agriculture, water
resource research, management and
planning, energy research, human
health, environment and natural
resource management, land use and
urban planning, and forestry.Task
groups operating during that scientific
and technical phase will be charged with
generating succinct recommendations.
Some of these recommendations,
along with those of IPCC, and follow-up
items identified in previous meetings,
such as the Noordwijk meeting of
November 1989, will provide the basis
for an action plan to be endorsed in the
ministerial portion of SWCC. Ministers
will determine how the specifics of the
action plan can feed into the planning
process for the major UN Conference
on environment and development
scheduled for Brazil in 1992.
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METEOROLOGY AND HYDROLOGY IN

HARNESS

Floods are an everpresent peril to
Bangladesh

Below: Early warning
of weather extremes
is an aid to reducing
potential loss or
damage

Aviation, shipping, water supply and
drainage, agriculture and other human
activities are among those in which the
Organization is mandated to further the
applications of meteorology and
operational hydrology.
One may ask the question: why is it
necessary for an international
organization to be involved in services
which seem to be internal problems of
individual countries? The answer is
twofold:
• First, a large part of some of the most
important specialized services are

provided for international users, such
as commercial aviation and shipping
in the case of meteorology, and the
water authorities of countries sharing
international river basins in the case
of operational hydrology;
• Second, in particular for developing
countries, it is WMO's advice and
support in the applications areas
which may help the national
Meteorological and Hydrological
Services to find resources for the
running of the necessary basic
infrastructures.
THE CHANGING NEEDS OF SOCIETY

The needs for meteorological and
hydrological services (observations,
climatological statistics, specialized
forecasts and expertise) are rapidly
expanding in modern societies. It may
be useful to summarize some prominent
fields of increasing requirements.

Safety of life
Among the major benefits provided by
Meteorological and Hydrological
Services, perhaps the most important
is their contribution to security and
safety of life. Such benefits derive in
particular from warnings of severe
weather issued for the general public
and from specialized meteorological
services for aviation, marine activities
and transport on land and on inland
waters.
Possibly the most significant impact
on the safety of life is in the area of
tropical cyclone warning. In an average
year about 80 tropical cyclones form
over the warm ocean waters in certain
parts of the tropics, affecting some 50
countries. About 20 000 people lose
their lives each year and the damage
caused may reach US $6 000-$7 000
million. A significant amount of this
damage and loss of life is avoidable,
given adequate forewarning of the
characteristics and path of each
cyclone. As population density and
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investment in cyclone-prone coastal
areas expand, the detection, tracking
and prediction of tropical cyclones and
forecasting of associated floods will
become increasingly important for
many countries.
There are also many other types of
hazardous phenomena, such as severe
local storms (including lightning, hail,
tornadoes and flash floods, heavy
snowfall, flooding, bush and forest fires
and weather-related tidal surges,
which cause extensive damage and
loss of life every year. Meteorological
and Hydrological Services already do
much to reduce both loss of life and
damage due to these hazards. Disaster
warnings and "nowcasting" of
The 1982-83 drought
the total losses in agriculture could be
hazardous events will continue to
in Australia resulted
avoided by proper use of weather
increase in importance around the
in duststorms such as
forecasts and climatological
world.
this one which
information. The benefit from these
Agriculture
applications will far surpass their cost. engulfed Melbourne
Agriculture is particularly sensitive to
Crop and livestock losses on account of
drought, excessive rain, hail, frost,
weather and climate. The production,
snow and floods can be substantially
collection, transport, storage,
reduced by taking advantage of
processing and distribution of
agrometeorological and hydrological
agricultural produce are all greatly
influenced by meteorological factors. In services when making operational
many countries weather-related losses decisions-e.g. by improved scheduling
may reach or even surpass 30 per cent of irrigation, pesticide application,
choice of best time to harvest,
of the annual agricultural production.
Even the prediction of such losses is of protection of livestock and so on.
considerable importance but it is
The incidence of most pests and
diseases affecting crops and animals is
estimated that at least ten per cent of

Training of
agrometeorologists
and the application of
operational techniques
is one oJ the vital
functions of the
AGRHYMET Centre in
Niamey
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The construction oJ
dams to conserve
water and provide
power depends on
both meteorological
and hydrological
iriformation

critically dependent on weather over
monsoons. The prediction of major
periods ranging from hours to months, shifts in weather patterns which
and their effective control through
might influence the beginning and
application of chemical sprays
end of the rainy seasons in tropical
requires the input of precise historical areas, and in particular of the
weather information and the best
monsoons, will be of the utmost
possible short-period forecasts. In
importance, as also will be the early
economic terms the stakes are high
warning of droughts.
and, for the world as a whole, the
Water resources
value of such meteorological
information has been estimated to
Meeting the water demands of an
increasing population and of
exceed US $1 billion each year.
A major problem in some countries agriculture is at present one of the
is the devastation caused by desert
most vital problems in many parts of
locust swarms. Locusts begin to breed the world. Projections indicate a
a few days after the onset of rain in
significant decrease of per capita
otherwise dry environments. If the
water availability by the end of this
rainfall in breeding areas can be
century. There is thus a clear need for
predicted or quickly detected (for
accelerated development and
example by meteorological satellites),
improved administration of water
action can be taken to prevent
resources throughout the world. This
swarms from developing and thus to
will involve assessment of resources,
avert significant crop losses.
forecasting their future trends,
In many areas agricultural
response to threats of floods and
production depends greatly on the
droughts and the management of both
rains accompanying the summer
quality and quantity of these
resources.
Very large sums of money are
invested in water projects and it is
therefore essential that they be
designed and operated to maximum
efficiency. This can be achieved only if
an adequate supply of data is
collected, characterizing the
variability of water resources in time
and space, and if accurate
hydrological forecasts are available.
Energy
Hydro-, wind- and solar energy are
highly dependent on weather and
climate.
The siting of nuclear power plants,
too, involves careful studies of the
climatological and hydrological
conditions; their operation requires
very complex safety measures,
including continuous monitoring of all
aspects of the weather in their vicinity
and the issue of site-specific weather
predictions.
Special arrangements will be
required for immediate response to
nuclear accidents through the
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exchange of meteorological data
required for monitoring, analysis and
forecast of trajectories and
concentrations of radioactive
pollution. The economics of energy
consumption will also be an area
where meteorological services will be
increasingly needed. For example,
urban electrical utilities can save at
least 0.3 per cent of the operating
costs by using meteorological
forecasts in load scheduling. Urban
natural gas utilities may gain even
more in distribution scheduling.
Marine resources
Expanding offshore oil prospecting
and production, and mining the seabed, will create new requirements for
specialized forecasts and warning
services. The offshore gas and oil
industries rely greatly on weather, tide
and wave forecasts, and oceancurrent and ice data.
Platform building and towing into
place, tanker terminal operations and
routine support services to rigs are all
extremely weather-sensitive
procedures. In order to co-ordinate
action to reduce the environmental
impact of oil slicks from massive spills
or oil-well blow-outs, emergency
services will need increasingly reliable
forecasting of slick movement and
other parameters.

Nations will continue to rely
considerably on food from the sea.
Meteorological and oceanographic
services will play a key role in
supporting the management and
exploitation of expanded coastal and
deep-sea fisheries.

Offshore oil Clnd gClS
opemtors Clre mCljor
customers for speciClI
weCltherforeCCls ting
services

Shipping
Ocean-going ships and fisheries are
very important users of meteorological
senrices. In general, safety of all types
of craft at sea requires weather
forecasts and warnings. Special
problems exist in high latitudes.
Forecasts of opening and closing of
waterways and of ice conditions in

Extreme events Clre
stil1 dUJicult to predict.
The 1987 hurriCClne in
southern UK put this
ferry Clground
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Ice and snow remain
a source oJ disruption
Jor aviation

Many leisure activities
depend considerably
on the weather: Smallboat warnings posted
at Nieuwport. Belgium
are a development oJ
the long-standing
south cones system

harbours are required in many areas.
Ship routeing services contribute
significantly to the economy and
safety of shipping the world over. In
addition to large savings on damage
repairs, the value of time and fuel
saved on, for example, even just an
Atlantic crossing averages out at over
US $2000 per voyage. Savings on
longer voyages are proportionately
greater.

Transport on land and inland
waters
Transport by road, railway, and on
inland waters is considerably
affected by weather, particularly fog,
rain, ice and snow. Because of the
total number of vehicles and the
volume of cargo involved, the
economic consequences of these
weather-related incidents are very
significant. The need for specialized
services for each of these branches of
transport will continue to grow in the
forseeable future.
Air transport
Meteorology has long played a very
important role in ensuring the
safety, regularity and efficiency of
commercial aviation. This role will
become even more significant during
the coming decade and aviation will
remain one of the important
consumers of weather information.
In the coming years the centralized
support for flight planning through
the World Area Forecast System will
continue to be a major thrust.
Conservative estimates recently
made by some major airlines indicate
an average fuel saving of one to three
per cent achieved by using weather
information in flight planning. These
percentages need to be seen in the
context of the world-wide
consumption of fuel, the cost of
which is of the order of US $10-12
billion per annum on subsonic
passenger routes alone. An
estimated extra two to three per cent
fuel saving should be possible if
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higher-resolution weather prediction
models were used and if it could be
ensured that the initial data were
closer to real time. Faster collection
of accurate observations and
forecasts (wind, temperature, cloud
cover, visibility, precipitation,
convection, freezing level, icing and
turbulence) for flight planning and
operations along routes, for the
arrival and departure of aircraft and
for their diversion to alternative
airports will be essential. The
meteorological requirements of
general aviation (such as aviation for
agricultural and industrial purposes,
surveying, pollution control, search

and rescue, medical services, first
aid, traffic control, and recreation)
will continue to grow.

Building industry
Architectural design depends on
climate. Good building design can
contribute significantly to energy
conservation. The assessment of time
lost when building operations are
impossible on account of adverse
weather is an important aspect of
costing. Ensuring safety during
construction reqUires forecasts and
warnings of strong winds, thunderstorms, temperature below critical
values, heavy rain and snowfall. In

HOMS: WMO's hydrological technology transfer programme
In recent decades, there has been
very considerable progress in the
development of hydrological science.
This has, in its turn, influenced the
practices of national Hydrological
Services throughout the world.
Amongst these developments we can
recall preparing rainfall-runoff models
for river basins, and their use for forecasting and simulating streamflow;
computerized hydrological data bases
allowing easy access to large archives
of historical data; and improved instrumentation including telemetry
systems.
Through its Operational Hydrology
Programme, WMO has fostered the
development of hydrological techniques and published a range of guidance material on hydrological
practices, as well as technical and
other reports on new techniques. In
1981, as a new initiative within the
Operational Hydrology Programme
WMO established HOMS, the Hydrological Operational Multipurpose
Subprogramme, a technology transfer
system for operational hydrology.
The objectives of HOMS include:
• Improving the quality and quantity of
hydrological data available;

• Aiding in the application of appropriate hydrological technology, and in
related training;
• Providing an international systematic
framework for the integration of the
many techniques and procedures
used in the collection and processing
of hydrological data for waterresource systems.
HOMS is organized as a co-operative
effort of the Member countries of WMO.
Those countries which wish to participate in HOMS do so, in the first
instance, by designating a HOMS
National Reference Centre (HNRC),
usually in the National Hydrological
Service. To date, 105 countries have
established an HNRC. The duties of an
HNRC include making available national
technology to users from other countries and co-ordinating national requests
for the transfer of HOMS technology.
The work of HNRCs is co-ordinated
through the WMO Commission for
Hydrology, and support is provided by
the HOMS Office in the Hydrology and
Water Resources Department of the
WMO Secretariat.
The technology available through
HOMS is presented as 'components'.
These usually take the form of computer

software, technical or general guidance
manuals, or instrument descriptions.
Each component is self-contained and
able to work on its own to provide the
solution to some hydrological problem.
At present nearly 400 HOMS components have been made available by
35 different countries.
HOMS started operations with the
publication of the first edition of the
reference manual in August 1981 and
almost immediately met with an enthusiastic response from hydrologists. By
September 1988, over 1 600 requests
for the transfer of a component had
been notified to the HOMS Office, with
requests running at about 350 per year.
These requests came from some 86
different countries, mostly but not
entirely developing countries.
After eight years of operation, HOMS
has proved of great benefit to hydrologists and looks set to be a permanent
part of WMO's activities in hydrology.
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temperate zones the saving through
the combined use of climate
information and weather forecasts in
the construction phase can reach one
or two per cent of the total
expenditure: a very large sum
bearing in mind the total value of the
industry. The importance of
specialized senrices for the building
industry will continue to increase as
the industry becomes more
competitive and labour costs become
more critical.

,ApPLICATIONS OF METEOROLOGY
AND HYDROLOGY

WMO seeks to provide the framework
for the required international action
through its system of constituent
bodies. Its six regional associations are
keyed to contribute to this end and
most of its technical commissionsnamely those for Aeronautical
Meteorology, Marine Meteorology,
Agricultural Meteorology, Hydrology and
Climatology-are specialized to take
care of certain fields of application.
Health, recreation and tourism
The system of WMO technical
commissions is a unique feature of
The health policies of many
WMO among the organizations in the
countries have given increasing
UN family. It was inherited from IMO
emphasis to health promotion and
and proved to be an effective
disease prevention. Since certain
weather conditions have an influence mechanism to facilitate a world-wide
transfer of knowledge and proven
on the human body, lowering its
methodology between nations. Through
resistance to viral and bacterial
infection, human biometeorology and this system a large number of
related services are gaining new
competent experts-serving as
rapporteurs, or members of specialized
importance. Assessment and
working groups-contribute on a longmanagement of water quality are
term basis to the implementation of the
also increasing in importance in the
context of public health programmes. objectives of the Organization.
Several of the atmospheric environA full picture of the activities of WMO
ment problems, such as depletion of in the various areas of science applicathe ozone layer, involve serious
tions cannot be given here. A mere
threats to health.
listing of programmes and projects
Tourism represents a major source would not be eXCiting. Therefore, the
of income for many countries. Many
more detailed description of a single
leisure activities are directly affected programme, HOMS, given on the
previous page will serve to illustrate
by weather and weather forecasts.
them. It has been, over the years, one of
The importance of weather services
for leisure activities (skiing, boating,
the best success stories of the
gliding, etc.) is increasing rapidly.
Organization.
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SHARING THE BENEFITS
WMO has a notable record of achievement in assisting and strengthening
national Meteorological and Hydrological Services in developing countries
through facilitating the world-wide
transfer of knowledge and proven
methodology .
Particular emphasis has been placed
from the earliest years of the existence
of the Organization on education and
training activities. For smooth international meteorological co-operation not
only universally agreed telecommunication procedures and codes are needed,
but also a common understanding of
the basic professional principles and
state-of-the-art methodologies. Ideally,
all meteorologists participating in the
operational work would need to learn
from the same books to be equally
conversant in what they are supposed
to do together. This might sound
utopian; however, the state that has
been achieved through WMO's
Education and Training Programme is
nearly what has been outlined above.
WMO has initiated and followed
through the publication of an
impressive series of meteorological
textbooks. Seventeen Regional
Meteorological Training Centres have
been established mainly in the
developing world, specialized workshops
and regular seminars are organized
(including some on subjects such as
background air-pollution monitoring,
tropical cyclone forecasting, radar
meteorology, etc.) and every year a
substantial number of fellowships are
awarded to students for obtaining
qualifications in renowned universities
of the world.

development of their activities and to
provide information on the training
needed to ensure that appropriate staff
are available at the right time and in
the right place to keep pace with the
targeted growth levels.
The assessment carried out prOVides
an objective basis on which WMO can
plan and set priorities for its future
training efforts and help bridge the gap
between the more and the less developed Meteorological and Hydrological
Services. In addition, WMO is responding to the need of Members for
knowledge and expertise relating to the
problems of atmospheric pollution and
climate change. Therefore, personnel
will receive an integrated training
encompassing what needs to be known
about the physics and chemistry of the
ocean-Iand-atmosphere system. From
this basis they can specialize in
various directions, for a professional
career in the forecasting of tomorrow's
weather or the complex monitoring of
climate.

MANpOWER DEVELOPMENT

Some years ago a new approach to
education and training was introduced
to increase the effectiveness of this
programme through harmonizing with
specific needs.
Through its 'manpower development
programme' WMO has taken a strategic
approach to training professional staff.
Every four years national Meteorological
Services are asked to assess the future

Stream gauging on the
Pastaza River in the
headwaters oJ the
Amazon system
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CO-OPERATION BRIDGES THE
GAP BETWEEN NATIONS

Opposite: Measuring
evapotranspiration
rates near Kinshasa
as partofa
WMO/ UNDP project
with the zaire
Meteorological Service

WMO provides
training for national
instructors as a very
effective means of
manpower
development
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The same principle of strategic planning
which has been proven to be useful in
the Education and Training Programme
ofWMO was introduced more recently in
the broader context of all technical cooperation activities. This move was
prompted by the widening gap between
developed and developing countries.
Through the new approach WMO seeks
to bridge the gap at least in respect of
the services provided.
The objective is to ensure that the
level of services provided to citizens and
governments is raised in the developing
world so as to contribute effectively to
economic development and to the safety
and security of citizens. The raising of
the level of services requires in many
cases co-operative efforts of a regional
nature between a number of countries.
Such co-operative efforts can involve the
establishment of regional specialized
centres for operations and training,

these programmes may make a maximum contribution to achieving suitable
levels of weather and water services in
developing parts of the world and to
reaching the collective goals of the
agreed WMO programmes. This gUides
donor agencies and countries in contributing to most important needs and
helps the countries receiving assistance
to identifY and obtain support for
projects that will yield maximum
benefits.
Presently there are three major
sources of supporting technical cooperation in meteorology and hydrology:
Through WMO's Voluntary Cooperation Programme (VCP) (currently
about $5.5 million per year) individual
countries make requests for assistance
of various types and individual donors
agree to support those of the requests
that they are able and willing to fund.
Priorities for meteorological activities are
set by both recipient and donor
countries. In this case, a mechanism to
oversee this programme was established
by WMO's Executive Council (VCP Panel
improvement of communications netof Experts and Informal Planning
works or, as recently agreed in SouthMeetings).
East Asia, marketing of meteorological
Through the United Nations
products.
Development Programme (UNDP) a large
The analyses of regional needs and the number of projects in meteorology and
development of the WMO Long-term Plan hydrology are supported every year
together provide a basis for examining
(current project budget about $12
million/year (1987) and $16 million
priorities in technical co-operation
(1988)). UNDP sets priorities in accord
programmes managed by WMO so that

WMO 40 WMO 40 WMO 40 WMO 40 WMO 40

with its overall programmes. The
projects in meteorology and hydrology
must compete with those in other fields,
both in preparation of the country
programmes by national planning
authorities and in deliberations of UNDP
staff in deciding on final allocations.
Through Trust Fund arrangements
(currently $5-7 million per year) support
is provided by donor countries to specific
projects in countries. The priorities are
established mainly by the donors, but of
course in consultation with recipient
countries.
In addition to these, the European
Economic Community has funded some
projects in meteorology and hydrology
(about $300 000 in cash and also some
equipment directly donated to the
recipient countries) and the World Bank
is currently considering a major
programme for Africa although hitherto
meteorological and hydrological projects
have not ranked as high priorities among
multilateral donors other than UNDP. In
these institutions, funding priorities tend
to be set very directly by the agency
officials but usually involve very
extensive consultations with developing
countries and co-operating donors.
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establishment of several co-ordinated
projects, by which WMO staff combine
funding from VCP, UNDP and Trust
Funds to achieve larger regional
objectives than would otherwise be
possible. This has proved to be very
successful in development of regional
telecommunication systems and in
software development for data handling
in the Caribbean, in Central America, in
South America and in sub-Saharan
Africa.
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The success of the
Rqjasthan Canal
called for exact
evaluation of the
potential water
sources in the
Himalayas. Even
before it was finished.
the canal brought
green patches to the
desert

Co-ordinated projects
The WMO Executive Council, on the
advice of its Voluntary Co-operation
Panel (VCP) , has agreed to the
Far Left: Major
advances in water
resource management
were made possible
through the Lake

Victoria project

Left: WMO experts are
often called on to help
with training of
national meteorological
personnel
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One of these, the African Centre of
Meteorological Applications for
METEOROLOGICAL CENTRES
Development (ACMAD), is located in
Niamey, Niger. African governments,
The strength of the international
programmes and systems of WMO
international and regional organizations
derives from the wholehearted coas well as a large number of individual
donor countries are contributing to the
operation between Member countries.
Each country contributes to the agreed development of the Centre. The
continent has a great need of highly
programmes and benefits from them
reliable systems to observe, analyse and
according to its ability. To reap
predict disaster-causing phenomena
maximum benefit nowadays, however,
such as drought, tropical cyclones,
the necessary tools of the trade are upto-date mainframe computers, highstrong dust-bearing winds and heavy
rain storms. In addition, most African
speed telecommunication links and
national economies are heavily
other facilities which require major
dependent on agriculture and natural
investments that can be afforded only
resources-both strongly affected by
by the most sophisticated
weather. It is therefore hardly
Meteorological and Hydrological
surprising that African leaders, working
Services.
In some ways the recent technological through the Economic Commission for
Africa and WMO, decided to establish
advances make the gap between the
capabilities of the most and of the least the Centre. Major efforts are now under
way to ensure that ACMAD becomes
developed countries even wider. To
resolve this problem, a major new WMO fully operational as qUickly as possible.
Another group ofWMO Members, the
thrust is the creation of Regional
Association of South-East Asian
Specialized Meteorological Centres.
Under this scheme, groups of countries, Nations (ASEAN), has also been working
towards the development of a similar
which alone would be unable to install
Centre to serve their countries. The
the expensive facilities required, join
together to create a specialized centre to countries involved-Brunei, Indonesia,
Malaysia, Philippines, Singapore and
serve the needs of them all. National
Thailand-are
agreed that an ASEAN
Meteorological Services will not become
Centre
would
enable
them to raise the
redundant by the creation of such new
quality
and
efficiency
of their national
Centres. Indeed, with access to a wider
Meteorological
Services
and to provide
range of products, their importance is
strongest
possible
support
to
the
likely to increase as they become better
able to serve the various economic and
important segments of their economies.
social sectors in their individual
In the coming decade it is expected that
countries. The European Centre for
more and more groups of nations will
Medium-range Weather Forecasts, at
club together to establish Regional
Specialized Meteorological Centres. In
Reading in the UK, serves as a model
addition to the specialized functions
for this type of regional co-operation.
Other similar Centres are being
attributed to them, such Centres would
be able to make a vital contribution to a
developed or are under consideration.
better understanding of climate-change
issues.
REGIONAL SPECIALIZED

In 1988, altogether 132 developing countries received assistance
through one or other of WMO's technical co-operation mechanisms.
In the same year, 32 countries made general donations of cash,
equipment or services, through WMO's Voluntary Co-operation
Programme.

42

WMO 40 WMO 40 WMO 40 WMO 40 WMO 40
THE

WMO

ACHIEVEMENT

Meteorology has been transformed over
the last four decades and it is clear
that, looking at the corresponding
changes in WMO, the world's own
conflicts and opportunities have been
reflected in what has happened.
A decade is a handy unit in which to
divide up and make sense of history
and for WMO the first one begins
conveniently in 1950. That first decade
saw the world recovering from the
effects of conflict and, for its part,
meteorology was occupied in rehabilitating the international co-operation
without which it could not develop.
The basic work for WMO lay in
getting international agreement on the
common procedures and technical
regulations for meteorological observations and arranging the prompt
exchange of data between nations.
Technical assistance was begun as
more and more nations became
independent, emerging from colonial
rule. As world trade expanded aviation
and shipping became increasingly
important and their demands for more
refined meteorological services
increased.
The 'sixties opened with the first
meteorological satellites and the first
numerical weather prediction systems
becoming operational. In that climate of
opportunity WMO was able to launch
the World Weather Watch and to build
on the work of its first decade.
The world-wide network of trained
people, tested procedures and adequate
instruments could now be mobilized in
the preparation of better weather
forecasts. An economical division of
tasks was achieved by the system of
World and Regional Centres which
cross-linked and combined with the
work of National Meteorological
Centres.
In parallel with the World Weather
Watch, technical assistance expanded
as WMO developed its Voluntary Cooperation Programme. Operational
hydrology also became an important
element in the array of expertise which
WMO fostered at the international level.
By the time the 'seventies arrived

environmental concerns increasingly
preoccupied the world community with
a focus on the 1972 UN Conference on
the Human Environment at Stockholm.
People became perturbed about the air
we breathe and the water we drink and
soon began to consider the possibilit.y of
changes in world climate as well.
Research on the important planetary
systems became vital and WMO
answered the call with the Global
Atmosphere Research Programme and
the major international experiments
GATE and GWE. The First World
Climate Conference at the end of the
decade foreshadowed the concerns to
come with the concept of the World
Climate Programme.
The 'eighties saw the World Weather
Watch consolidate its achievements and
move fonvard to accommodate the new
generation of facilities: better
instruments, faster communications,
and the ability to cope with more and
more data.
Accrued experience in fields such as
education, training and technical
assistance permitted a more confident
strategic approach to expanding and
deepening world capacity in meteorology and hydrology. Regional groupings
began to play a bigger role in technical
co-operation.
Research into factors that could
cause inadvertent climatic modification
came to bear fruit with the Vienna
Convention on Ozone and preparations
for the Second World Climate
Conference.
The decade to come will see the
Global Atmosphere Watch monitor the
chemical and physical state of the
global atmosphere in close co-operation
with hydrology, oceanography and other
earth system sciences.
As concern about the influence of
man's economic activities on global
systems increases so will WMO find
itself nearer centre stage in world
environmental affairs. Its record of
success in promoting and facilitating
international co-operation will stand it
in good stead in meeting the challenges
to come.
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ABBREVIATIONS
ACMAD
ALPEX
ASEAN
BAPMoN
CFC
CLICOM
DARE

GARP
GATE
GAW
GEWEX
GWE
HNRC
HOMS
ICSU
IDNDR
IGY
IMO
IPCC
MTN
NASA
NMC
OWSE

RMC
SWCC
TOGA
UNDP
VCP
WMC
WMO

WOCE
WWW

African Centre of Meteorological Applications for Development
Alpine Experiment
Association of the South-East Asian Nations
Background Air-Pollution Monitoring Network
Chlorofluorocarbons
Climate computing
Data rescue
Global Atmospheric Research Programme
GARP Atlantic Tropical Experiment
Global Atmosphere Watch
Global Energy and Water Cycle Experiment
Global Weather Experiment
HOMS National Reference Centre
Hydrological Operational Multipurpose Subprogramme
International Council of Scientific Unions
International Decade for Natural Disaster Reduction
International Geophysical Year
International Meteorological Organization
Intergovernmental Panel on Climate Change
Main Telecommunication Network
National Aeronautics and Space Administration (USA)
National Meteorological Centre
Operational WWW Systems Evaluation
Regional Meteorological Centre
Second World Climate Conference
Tropical Ocean and Global Atmospheric Programme
United Nations Development Programme
Voluntary Co-operation Programme
World Meteorological Centre
World Meteorological Organization
World Ocean Circulation Experiment
World Weather Watch

This booklet was prepared with the assistance of Mr Peter Stone.
Illustrations by courtesy: cover - NASA/GISS/ROSSOW; p. iii - WMO; p. 1 top - National Space Development Agency of
Japan, bottom - Polar Research Laboratory Inc., USA (Project carried out by Polar Research Laboratory, Inc., with funding support
from National Science Foundation, Division of Polar Programs); p. 2 - Photographic General Dynamics, Corvair Division; p. 3 -ILO;
p. 4 - Bureau of Meteorology, Australia; p. 6 bottom - NOM; p.. 7 top - WMO/Bianco, bottom - WMO; p. 8 left, top and
bottom - Royal Netherlands Meteorological Institute, right - USSR State Committee for Hydrometeorology; p. 9 top - U.S.
Navy, left - WMOjPerry, right - WMO; p. 11 - British Crown Copyright (reproduced with kind permission of the Controller of
Her Britannic Majesty's Stationery Office; p. 12 top - US National Weather Service, bottom - NASA; p. 13 - Freddy Bertrand;
p. 14 (3 photos) - WMO/Klemm; p. 17 bottom - British Crown Copyright (reproduced with kind permission of the Controller
of Her Britannic Majesty's Stationery Office; p. 18 bottom - NOM; p. 19 top - Bureau of Meteorology, Australia, bottom (2
photos~ NOM; p. 20 - NOM; p. 22 top - Les Alpes. CAS/W. Schneebeli, bottom - FAO/F. McDougall; p. 26 - NASA/GSFC;
p. 27 - Japan Meteorological Agency; p. 29 - AamulehtijP. Saarinen (Finland); p. 30 - Environment Canada; p. 32 top - WFP/
T. Page, bottom - Nation Newspapers, Nairobi, Kenya; p. 33 top - Bureau of Meteorology, Australia, bottom - WMO/Rijks;
p. 34 - World Bank; p. 35 top - Shell UK, bottom - Paul Amos; p. 36 top - J-L. Altherr, bottom - Practical Boat Owner/G. Taylor;
p. 39 - WMO; p. 40 top - UN, bottom - WMO/G. Rudder; p. 41 top - FAO/D. Mason, left- UN, right- WMO.
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The major scientific and technical Programmes of WMO
WMO carries out its work through seven major scientific and technical Programmes which have strong
components in each Region.

The World Weather Watch Programme is the backbone of the overall programme of WMO. It combines dataprocessing centres, observing systems and telecommunication facilities - operated by Members - to make
available meteorological and related geophysical information that is needed in order to provide efficient
meteorological and hydrological servit::es within the countries. It also includes a Tropical Cyclone Programme, in
which more than 50 countries are involved, and an Instruments and Methods of Observation Programme to
promote standardization and development of meteorological and related observations.
The World Climate Programme promotes the use of climate information to assist economic and social
planning and development, the improvement of the understanding of climate processes through internationally coordinated research, and the monitoring of climate variations or changes in order to be able to warn governments of
climate impacts that may significantly affect human welfare and activities. The research component of the
Programme is carried out jointly by WMO and the International Council of Scientific Unions (ICSU), whereas the
climate impact studies are co-ordinated by the United Nations Environment Programme.
The WMO Research and Development Programme promotes atmospheric research, placing highest priority
on weather-prediction research on all time scales. It includes an important Tropical Meteorology Research
Programme relating to studies of monsoons, tropical cyclones, rain-producing tropical weather systems and
droughts; a programme related to the research on and monitoring of various aspects of environmental pollution;
and a Cloud Physics and Weather Modification Research Programme.
The WMO Applications of Meteorology Programme comprises three vital areas of application of
meteorological services and information: agricultural meteorology, aeronautical meteorology and marine meteorology, and promotes the development of infrastructures and services which are required in all three areas for the
benefit of the Member countries.
The WMO Hydrology and Water Resources Programme is concerned with the quantitative and qualitative
assessments and forecasts of water resources; standardization of all aspects of hydrological observations; and the
organized transfer of hydrological techniques and methodology in many areas, including forecasts and mitigation
of floods related to tropical cyclones, severe storms and rapid snowmelts.
The WMO Education and Training Programme holds the key to future development by promoting all efforts
in Member countries to ensure that the necessary body of trained meteorologists, hydrologists, engineers and
technicians is available. It is closely interrelated with all other major scientific and technical Programmes.
The WMO Technical Co-operation Programme comprises the mainstream of organized transfer of
meteorological and hydrological knowledge and proven methodology among the Members of the Organization.
Particular emphasis is laid upon the development of a wide range of services (related to weather prediction,
climatology and hydrology); on the development and operation of key World Weather Watch infrastructures; and
on supporting the Education and Training Programme of WMO. The Progra;nme is funded mainly by UNDP, by
WMO's own Voluntary Co-operation Programme, trust funds and the WMO regular budget.
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