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Foreword
World Meteorological Day has been celebrated on 23 March each year
since 1961 to commemorate the coming into force on 23 March 1950 of the
Convention which transformed the former International Meteorological
Organization - a non-governmental body that had existed since 1873 - into
the intergovernmental World Meteorological Organization of today . Each
year, the celebrations in Member countries marking the occasion are focused
on a theme highlighting one specific aspect of meteorology as a scientific
endeavour and an applied science .
The theme selected for the year 1989 is "Meteorology in the service of
aviation" . This choice is a tribute to the development of aeronautical
meteorology in response to the ever-growing demands of aviation, a rapidly
expanding activity.
Mr. J. Kastelein, President of the WMO Commission for Aeronautical
Meteorology, has taken the theme of the 1989 World Meteorological Day
celebration as a starting point for an excursion in time back to the days when
man's first flying contraptions were confronted with their as yet little
explored physical environment, the free atmosphere. He concludes by
describing the intensity with which the available airspace is utilized today.
In a historical perspective, the time-span between these two phases of
evolution is so short that the development of aerial transport and of the
associated meteorological services can only be described as explosive.
World Meteorological Day 1989 presents an opportunity to assess this
evolution and to reflect on the devotion of all who have contributed in so
many different ways , both in meteorology and in aviation, to transform
man's dream of flight into an everyday reality.

(G. 0. P. Obasi)

Secretary-General

Introduction
The gaseous layer which envelops the Earth does not constitute more
than a millionth part of the total mass of our planet. Although insignificant in
terms of relative mass, this layer of air is a sine qua non for all forms of life;
without an atmosphere the Earth would be a dead planet.
Ninety-five per cent of the total air mass is contained in the lowest 20 km
of the atmosphere. This thin layer is the domain of meteorology as well as of
aviation. It is where all our weather is produced and where air navigation, as
we know it today, is taking place . An intimate knowledge of the properties
and behaviour of this part of the atmosphere is essential in both fields.
It is not surprising that the rapid development of meteorology ?-nd of
aviation during this century has proved to be mutually beneficial. For more
than seventy years now meteorology has played an important role in the
sustained effort to improve the safety and efficiency of air navigation.
Although technological advances have made flying possible under almost all
atmospheric conditions, aviation is still the most weather-sensitive industry
in the world . The prompt and reliable supply of meteorological information
remains imperative for the safety and economy of flight operations .
Aeronautical meteorology - although only one of the many applications
of meteorology in the service of mankind - has developed into a world-wide
system of national and international meteorological support indispensable to
civil aviation as it plays its important role in almost every area of social and
economic activity. This publication describes the historic development and
present role of aeronautical meteorology and outlines the activities of the
World Meteorological Organization in this context.
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Chapter 1 - The beginning
Myth and fantasy
The phenomenon of flight has always fascinated mankind. The ability of
birds to overcome gravity, to move through the air without apparent effort ,
appealed to the imagination, in particular in an era when travel was a slow
and ponderous process and when mountains, crevices and rivers formed
almost impassable barriers. The theme of flight by human or superhuman
beings is found in the mythology or folklore of many nations - a clear
indication that even in this respect man was not destined to submit to his
natural limitations . History has recorded the many unsuccessful attempts to
fly, which often had the same fatal outcome as the legendary flight of Icarus.
The daring pioneers of aviation never doubted that one day man would
succeed in transforming his dream of flying into an everyday reality.

Airborne
The hot-air balloon, which heralded the advent of aviation, was invented
in France by Joseph and Etienne Montgolfier as early as 1783 . It was not
until the end of the nineteenth century, however, that science and technology had developed to a level at which "the accomplishment of aerial
navigation by mechanical means only" became feasible.
In 1881 the first practicable sailplane was constructed by Otto Lilienthal
in Germany. On 17 December 1903 Wilbur and Orville Wright made the first
successful flights with an engine -powered aircraft in North America. This
first step towards today's world-wide air transport was very modest indeed :
the longest flight lasted only 59 seconds and covered no more than 255 m .
But this event was followed by spectacular development and within 20 years
commercial aviation was well established in a number of countries .

Help wanted
It is notable that the successes of the Wright brothers were founded on
systematic aerodynamic research. The site for the flight experiments (Kitty
Hawk, North Carolina) had been chosen with care on the basis of the
climatological requirements for strong and steady surface winds.

A very significant incident occurred on this first day of engine-powered
flight . After four flights a strong gust of wind overturned the aircraft, causing
some damage. On that epoch-making day not only the viability of flight on
the heavier-than-air principle, but also the necessity of meteorological assistance for such an undertaking, was demonstrated.
9

Weather-wise
Hardship and loss of life due to extreme meteorological conditions have
often afflicted mankind from the earliest times. The introduction of agriculture , perhaps 10 OOO years ago, greatly increased the dependence of human
society on climate and weather. Recognizing the importance of weather, man
hardly ever accepted the day-to-day variations in wind, cloud cover and
precipitation as random events. The perception that the weather is determined by physical laws gradually replaced the belief in supernatural powers
controlling atmospheric events . In any case, there must always have been a
firm popular belief that future weather conditions could be reasonably predicted . Mariners, farmers and hunters, people whose livelihood and safety
were most directly affected by the weather, learned to make useful forecasts
based on careful observations of the appearance of the sky and sea surface
and on the sensing of changes in wind, temperature and humidity, aided by a
folklore of weather wisdom embodying the experience of previous generations . However useful , this type of empirical forecasting had its limitations;
forecasting skill did not improve in spite of this age-long practice .
First measurements
The thermometer (Galileo Galilei) and the barometer (Evangelista
Torricelli and Vincenzo Viviano) were invented in Italy at the beginning of
the seventeenth century; it took more than 200 years, however, before
meteorology had developed sufficiently to avail itself of those instruments .
Even before suitable instruments became available, weather conditions
were systematically recorded, often for long unbroken periods. The first
recorded observations of a weather element were of precipitation and date
back as early as 2000 B.C. Long historical observation records for a single
location are - even today - valuable for the study of climatic variations.
Looking around
Although it was common knowledge that weather conditions often
showed marked variations from place to place, it was not until the
nineteenth century that scientists began to realize that the atmosphere
should be studied with the help of frequent and accurate measurements
taken simultaneously over larger geographical areas .
A remarkable pioneer in the establishment of a network of meteorological
stations was Ferdinand II, Grand Duke of Tuscany, who supplied a number
of monasteries under his jurisdiction with thermometers en 1653.
The first weather map, based on 30-year-old data, was composed in 1816
(Heinrich W . Brandes) and the relation between the wind pattern and the
distribution of atmospheric pressure was discovered in 1857 (Christophorus
H. Buys Ballot and William Ferrel).
10

Institutes
By this time the potential value of meteorology - although still in its
infancy as a science - was well recognized, and national Meteorological
Institutes or Services were established in many countries: Germany (1847);
Austria (1851); England, Portugal and the Netherlands (1854); France
(1855); the United States of America (1870).

Co-operation
The need for international co-operation in meteorology was recognized at
an early stage. In 1873 a Congress took place in Vienna where twenty
governments which had established national Meteorological Services were
represented. It was agreed that a permanent international body should be
established and subsequently the International Meteorological Organization
(IMO) came into being as a non-governmental body with the Directors of
national Meteorological Services conducting its affairs.
In the years that followed, IMO made important contributions to the
organizational development of meteorology. It established technical commissions for maritime meteorology and agricultural meteorology to ensure that
due attention was given to those important applications.

Participants at the meeting of the International Meteorological Committee (St. Petersburg,
1899). During the period 1891-1914, improvements in instruments and technology created the
basis for specialization leading to the establishment of the Commission for Aeronautics at a
meeting in Paris in 1896. (Photo: WMO)
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New client
With the arrival of the twentieth century, aviation announced itself
as a new customer of the Meteorological Services. The extreme weathersensitivity of the aircraft employed in the early stages of air navigation can
best be illustrated by the records of the Air Mail Services which were put
into operation by the United States Post Office in 1918. Despite the introduction of several organizational improvements, emergency landings still occurred with an average of one per 1 300 kilometres flown . The average life
expectancy of an Air Mail pilot was about four years . In the years 1920 and
1921 no fewer than 89 planes crashed and 19 pilots were killed . Adverse
weather and mechanical imperfections were the main causes of accidents.
It was realized that reliable information on weather conditions during
flight and landing could play an import ant role in the pursuit of improved air
safety. To what extent was meteorology able to meet the high demands of
nascent aviation?

Looking up
Long before flying was possible, scientists engaged in the quest for a
better understanding of the atmosphere tried, by all possible means, to
obtain observational data from the higher atmospheric layers. It is interesting to note the similarity in aviation and meteorology concerning this
aspiration to greater heights.
In 1648, only five years after the invention of the barometer, Perier
clim ;J ed to the top of the Puy-de-Dome ( 1465 m) in order to measure - at the
request of his brother-in-law Blaise Pascal - the decrease of pressure with
height.

Ascents
The gas -filled balloon opened new possibilities for investigating the
higher atmosphere. The French physicist Jacques Charles, who was the first
to give a manned balloon buoyancy by using hydrogen, already employed a
barometer to indicate altitude . The first scientific measurements of highaltitude wind , temperature, humidity and pressure were made by JeanPierre Blanchard and John Jeffries during a balloon flight over London in
1786. The English scientist James Glaisher made his legendary balloon
ascents during the years 1862-1866. He reached an altitude of 8 700 m . At
this height atmospheric pressure - only a third of the average sea-level
value - is not enough to support life and Glaisher nearly lost his life due to
asphyx iation.
12

Games

Kites and unmanned balloons were used as less dangerous and less
expensive techniques to make regular upper-air observations. Although the
preoccupation with kites and small balloons by the meteorologists of that
time must have provoked ironic remarks concerning scientific research used
by grown men as an excuse to pursue their boyhood activities, steady
progress was made in the exploration of the atmosphere . The first kite
carrying meteorological instruments was flown by Alexander Wilson in
England (1749) . William Radcliff Birt and Francis Ronalds started more
systematic measurements with kites in 1847 and for a long time this method,
as well as that involving captive balloons, was used to obtain regular
observational data from the lower atmosphere.

Sounding in the free atmosphere with kite-borne instruments. Arlington, Virginia (near
Washington, D.C.), 1900. (Photo: WMO)

Upper-wind observation based on measurement of the drift of a sounding
balloon by an optical instrument (theodolite) was introduced by Victor
Kremser in 1890. Free sounding balloons were also used to measure upperair temperature and humidity. Recording instruments together with a small
parachute were attached to the balloon; data were obtained only if, after
balloon burst and descent to Earth, the instruments could be retrieved (with
the help of a finder's reward). On the basis of such observations, Richard
13

Assmann in Germany and Leon Teisserenc de Bart in France discovered
independently that the atmosphere had a different the rmal structure above
an altitude of approximately 11 kilometres. This layer, where the temperature no longer decreases with height, acquired the name stratosphere. This
discovery was made in 1902, one year before the advent of engine-powered
flight . Up to the end of the nineteenth century only imperfect means existed
to measure the weather elements aloft. Nevertheless, clever and exhaustive
use of available devices led to a marked improvement in factual knowledge
of winds and temperatures at higher levels .

Slow motion
The implementation of meteorological observing stations was w ell under
way at the beginning of the nineteenth century. Unfortunately the practical
use of observations was seriously hampered by the fact that weather reports
could be collecte d from large r areas only with a delay of weeks. This
condition was drastically changed by the introduction of the telegraph in
1844.

Wires
Meteorologists were quick to recognize the opportunities offered by the
invention of Samuel Morse. A number of the new telegraph offices in the
United States were equipped with meteorological instruments and
instructed to make and transmit weather reports. In 1861 more than
500 telegraph offices reported regularly to the Smithsonian Institute in
Washington. In 1856 France took the initiative in the establishment in
Europe of a telegraph network, specially for the transmission of weather
information. The rapid collection of observations by telegraph made it
possible to prepare forecasts on the basis of actual weather charts. At first ,
the main task of the operational meteorologist was to issue timely warnings
of gales. It was naval disasters - such as the gale that destroyed a part of
the English and French fleets at Balaklava during the Crimean War in 1856 which demonstrated the advantage of a national Meteorological Service for
countries with strong maritime interests. At the beginning of the twentieth
century gale warnings and weather forecasts were provided, based on the
wind pattern and pressure distribution revealed by the sparse observations
available . The accuracy of the forecasts - often rather loosely worded was far from ideal. No theory had yet been formulated which could satisfactorily explain the formation , movement and decay of the observed areas of
low or high pressure.
14

Shaky start
The frail flying machines that marked the beginning of aviation were
extremely vulnerable to weather conditions. Dependable observations and
forecasts of wind speed and direction, gusts, turbulence, visibility, precipitation and cloud were urgently needed. It was clear that meteorology as a
science was far from ready to meet such a requirement. Nevertheless, the
meteorologists of the time did not hesitate to join forces with the gallant (or
reckless) aviators in their conquest of the skies. In those days no levelheaded spectator observing the faltering steps of aviation and meteorology,
both still in their infancy, could come to any conclusion other than that this
undertaking was bound to fail. But time was to tell another story.

15

Chapter 2 - Development
From the outset, the symbiosis of aviation and meteorology proved to
be very fruitful. International co-operation is essential for both activities ,
while a better understanding of the often capricious behaviour of our
atmosphere is of prime common interest . The establishment and development of Meteorological Services in many countries have been closely
linked to aeronautical requirements. Aviation has brought about the need
for meteorological research and at the same time aircraft-based observational methods have created new possibilities for investigation and research.

Crossings
From 1903 onward major efforts were directed at developing the aeroplane into a usable form of transport. The construction became sturdier, the
engines more powerful and reliable. In July 1909, less than six years after the
first engine-powered flight, Louis Bleriot flew his self-designed monoplane
across the Channel from Calais to Dover - a flight of 35 kilometres, mostly
over water.
The first non-stop Atlantic crossing was made by John Alcot and Arthur
Whitten Brown less than ten years after Bleriot's flight across the Channel.
The 3 902-kilometre flight from Newfoundland to Ireland was flown in
16 hours 28 minutes . (In the year 1956 5 500 flights connected the two
islands ; at present more than 270 flights from North America to European
destinations are made daily.) The First World War gave the development of
aviation a strong impulse . A very large number of aircraft were built for
military purposes, many of which survived the war. The post-war surplus of
aircraft and the large number of pilots trained formed the basis for the
development of commercial air transport.

In business
In 1919 and the following years many companies were formed for the
transport by air of passengers, mail and freight . Aircraft factories soon began
producing aircraft specially designed for use by airlines.
Military air operations during the First World War had highlighted the
need for meteorological support and military units were set up by the hostile
countries to handle weather information - an early rudimentary form of the
aeronautical meteorological offices to come.
16

On instruments
Before suitable instruments were available flight was possible only during
conditions of good visibility; the pilot had to control the attitude of his
aircraft by looking at the skyline and ground visibility was necessary for
navigation and to keep a safe distance from obstacles. When the aircraft
unintentionally entered cloud, the pilot would lose his orientation within a
short time, often with fatal results. Although, over land, precautionary or
emergency landings on a suitable terrain were generally feasible with the
relatively light and slow aeroplanes of the twenties, passengers in general
did not appreciate such manamvres. Flights had to be cancelled as soon
as weather conditions along the route, visibility in particular, were
unfavourable. For the time being, many potential air passengers preferred
the slower, conventional means of transport, especially during winter.
In 1922 Sperry developed the gyroscopic turn-and-bank indicator. This
instrument, when used in combination with a good altimeter, made it
possible to fly straight and level without visual reference to the ground. The
value of the new flight instruments was demonstrated by Charles
Lindbergh. In 1927 he flew the Spirit of St. Louis, a one-engine aircraft
specially designed for this undertaking, from New York to Paris in 33 hours
and 29 minutes.

Technical advances
Lindbergh made his flight at a time when only scanty weather information from the North Atlantic was available. During his flight he had to cope
with icing but was able to handle this danger before it became fatal. A later
analysis of the winds along the route showed that he was rather fortunate
when selecting the date for the flight.
About the same time radio communication was introduced in aviation.
The first aircraft were equipped with radio around 1925. Primitive forms of
radio navigation and air traffic control were developed on the basis of
direction finders and radio-range beacons of which, at the end of 1939, more
than 300 were installed in the United States of America. During the thirties
aircraft construction changed drastically. All-metal aircraft equipped with
strong air-cooled engines and metal propellers with adjustable pitch brought
a marked improvement in performance. The introduction of retractable
landing gear, wheel brakes and wing flaps made it possible to operate
from relatively short runways and attain much higher cruising speeds. The
Douglas DC-3 was a well-known example of the new technology. The 1936
version of this aircraft could operate at a cruising level of 3 OOO metres with
an airspeed of 280 kilometres per hour and transport 21 passengers over a
distance of more than 2 OOO kilometres.
17

Ice
Radio navigation and the new flight instruments made flight through
clouds possible. This, however, brought the problem of ice accretion during
flight . Ice on wings , fuselage and propellers causes an increase in aerodynamic drag and in the weight of the aircraft, at the same time reducing lift
and thrust . Inflatable rubber strips on the leading edge of the wing to break
away the ice and apparatus for the heating of the air intake in order to avoid
carburettor icing became standard equipment. Electrical heating of the Pitot
tubes was introduced to protect the airspeed indicator against icing effects.
Although these countermeasures were not ineffective, avoidance remained
the best protection against the risk of icing and the pilot was still dependent
on meteorological information concerning the extent of clouds along his
route and the associated temperatures .

First book
In 1911 Franz Linke in Germany published Aeronautical meteorology, the
first textbook on meteorology for "aeronauts, balloonists and pilots of airships as well as aeroplanes" . The dual objective of this book was "to put the
accomplishments of meteorology at the disposal of aviation and to make
aeronauts aware of the pursuits of meteorologists" to ensure that the
precious opportunity to obtain important observations which could be used
to the advantage of science was not lost.

Understanding
Both meteorology and aviation underwent a major change during the first
quarter of the twentieth century. Important theoretical work on the
dynamics of the atmosphere was carried out during this period. The modest
international exchange of weather observations that existed at the beginning of the century was interrupted by the outbreak of the First World War.
Deprived of data from abroad, meteorologists were forced to improve their
national networks of observing stations and to focus all attention on the
observations available. In Norway, where important contributions to the
theory of meteorology were already being made before 1914, the close
scrutiny of weather reports from a denser observing network led to the
discovery of the cold and warm front (1919 ; Jacob Bjerknes). The ensuing
theoretical elaboration not only resulted in a very successful model for the
analysis of observed weather situations, but also stimulated physicalmathematical research in meteorology enormously. Meteorologists finally
gained a first insight into the behaviour of the complete atmospheric system
and the factors controlling the evolution of weather. Moreover, on the basis
of this understanding they were able to anticipate future changes in weather
conditions .
18

High cloud
Weather forecasts still needed to be more specific and forecasting skill
improved considerably. The advance of practical meteorology through the
introduction of the Norwegian concepts was of particular importance to
aeronautical meteorology, because it was just about this time that aircraft
with higher cruising levels were introduced and the cloud systems associated with fronts often caused hazardous flight conditions to great heights.

Radiosonde
Meteorologists were aware that only a coherent three-dimensional analysis
could satisfactorily describe the atmosphere in action. In 1928 an analysis of
this kind was first made by Harold Bergeron, using rather scanty upper-air
information. Both aviation and meteorology were now in need of reliable and
regular observations of the vertical structure of the atmosphere. From 1919
onwards aircraft were used in many countries to make observations with the
help of the "meteorograph", a portable instrument recording pressure,
temperature and humidity. Daily flights for this purpose were mostly undertaken by military pilots who, without oxygen or flight instruments, were able
even under marginal conditions to reach altitudes in excess of five kilometres . The technique of using kites for upper-air observations had meanwhile considerably improved. Using steel wire, with auxiliary kites to carry
part of the weight of the wire , it became possible to attain the amazing
height of 5 OOO metres.
All the methods that had been developed around 1930 for sounding the
higher atmosphere had serious deficiencies. Kites could not be flown under
all wind conditions; the use of aircraft was costly and limited to a small
number of aerodromes . Moreover, the results of a meteorograph could not be
used until the device had been returned to and examined by the meteorologist. The altitudes reached by kites, captive balloons and aircraft were too
low to satisfy meteorologists. It was only when short-wave radio devices
were developed in the 1920s that a solution to these problems was found .
The experiments in the Soviet Union, France and Germany aiming at obtaining observational data by means of a radio transmitter attached to a balloon
resulted in a usable radiosonde in 1929 (Molchanov, Bureau and Duckert) .
This principle is now generally used for routine upper-air observations and at
present about 1600 radiosondes are released daily throughout the world.

Streamlining
The early 1930s can be seen as a turning point in the development of
aviation and meteorology. In the decade following the First World War,
regular air-transport networks had developed in Europe and North
19

Radiosonde ready for launch. Once or twice a day measurements of pressure, temperature ,
humidity and wind are obtained by this method up to a height of 30 km. These observations
form an important part of the upper-air data required for all meteorological prediction activities,
including the specialized forecasts for air navigation. (Photo : WMO)

America. Aviation was recognized as an important contributing factor to
the world economy. Trial and error in the design of aircraft gave way to
mathematical engineering methods based on exhaustive wind-tunnel
experiments. By 1932 the average aeroplane had become a streamlined, allmetal monoplane with retractable landing gear; pilots and passengers
were no longer housed in noisy, uncomfortable, unheated fuselages, but in
insulated, sound-proofed cabins. Accidents, at first not uncommon, dropped
to about one fatality per 60 million kilometres just before the start of World
War II.

Predictability
The theoretical arid practical accomplishments in meteorology during the
1920s had affirmed the conviction that the state of the atmosphere at a
future time was predictable with reasonable accuracy, given sufficient
observational data for the initial situation. This fact, together with increased
requirements for weather information as aviation has expanded, has
resulted in weather forecasting becoming the main activity in meteorology
and has determined the pattern of meteorological development in this
century.
20

International co-operation
With the introduction of the radiosonde it became possible to supply
wind and temperature forecasts for altitudes used by aircraft; the developing network of surface observing stations, combined with improved analysis techniques, led to gradual advances in the forecasting of aerodrome and
in-flight weather conditions. Although, especially for flights in data-sparse
areas, the reliability of forecasts still left much to be desired, pilots
appreciated the value of meteorological support but recognized the limitations due to inadequate observing networks and deficient communication
systems. Because air transport, particularly in Europe, was primarily an
international activity, aviation users strongly emphasized the need for
international co-operation in the carrying out and exchange of meteorological observations.

IMO

The establishment of the International Meteorological Organization
(IMO) in 1873 was briefly mentioned in a previous chapter. After the First
World War , when steps were taken to resume friendly international relations
in the field of meteorology, the various aspects of the subject requiring
attention were reviewed by IMO. The importance of air transport was duly
recognized by this 46-year-old organization and in 1919 - only 16 years after
the first engine-powered flight - IMO set up a new technical commission to
deal with aviation requirements: the Commission for the Application of
Meteorology to Aerial Navigation (CAMNA). (It should be noted that IMO
was not an intergovernmental body. This was due to the fact that, when it
was established, there was a preference for a more pragmatic form of cooperation with the advantage of less formal procedures.)
The rapid development of meteorology in the 1930s made serious international co-ordination in the field of meteorology essential. It was generally
recognized that the status of IMO should be raised to the governmental
level, but World War II postponed the implementation of such a change. It
was not until 1951 that the non-governmental IMO was replaced by the
governmental World Meteorological Organization.
The same year the United Nations adopted a resolution recognizing
WMO as one of its specialized agencies . WMO continued the system of
technical commissions and the Commission for Aeronautical Meteorology
( CAeM) was set up to deal with the international aspects of the application
of meteorology in support of air navigation. In 1947 the International Civil
Aviation Organization (ICAO) had been established. This important organization, also a UN specialized agency, is concerned with international
co-operation in all aspects of aviation, including meteorology.

21

Two organizations
As far as aeronautical meteorology is concerned, WMO and ICAO
necessarily have a common interest. A certain duality had already existed in
the organization of meteorological and aeronautical activities before the war
- at that time causing numerous difficulties; good care was now taken to
avoid similar problems.
A working arrangement between ICAO and WMO to ensure uniformity of
procedures and the clear delineation of respective fields of activity was
established in 1951. ICAO is responsible for the specification of aviation
requirements in the field of meteorology and for relations with other
aeronautical services and operators; WMO is responsible for all matters
relating to meteorology. Although differences in the internal structures of
both organizations have from time to time led to complications, the working
arrangements have always been quite effective .
ICAO meetings dealing with meteorological prov1s10ns are always
convened conjointly with WMO/CAeM sessions . This ensures perfect coordination between the two organizations . All regulations of WMO and
ICAO concerning the provision of meteorological services to aviation are
identically worded and have the same status in both organizations .

New advances
The improvements in the organization of international co-operation
which resulte_d from the establishment of ICAO and WMO came just in time
for the spectacular post-war developments in aviation and meteorology.
Technological advances which in particular had an enormous impact
were the introduction of turbine-powered aircraft for commercial operations
and the use of meteorological satellites and computers in weather forecasting.

More power
Aircraft performance is to a large extent dependent on the availability of
reliable and powerful engines . Piston engines used in transport aircraft
during the 1950s represented the final stage in a long development.
Although remarkable progress had been made regarding engine performance, this was achieved at the cost of increased complexity and the
resulting higher probability of failures. The introduction of jet propulsion
marked a major breakthrough. The relatively simple and dependable turbine
engine brought a revolutionary change in the power that could be applied,
permitting cruising levels at heights usually above the clouds .

22

TIROS-N polar-orbiting satellite . This type of satellite provides complete global coverage twice a
day and performs precise radiance measurements from which - together with other atmospheric data - the temperature and height of cloud tops can be determined. (Illustration:
NOAA)

Satellite image of typhoon T8506 approaching Japan on 29 June 1985. A geostationary satellite
provides a continuous view of a large portion of the Earth (the polar areas are not covered),
permitting the effective monitoring of hazardous weather phenomena such as tropical cyclones
and extensive severe thunderstorm areas . (Photo: Japan Meteorological Agency)
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The meteorological documentation issued to Capt. C. Lindbergh for his attempt at the first
eastbound non-stop crossing of the North Atlantic from New York to Paris, 20-21 May 1927. If
the meteorological services of today had existed sixty years ago, Capt. Lindbergh's flight
documentation would have included - in addition to the spot upper-wind forecast chart shown
in the overlay - upper-wind and temperature forecast charts at several levels as well as

forecast in-flight weather conditions , including areas of hazardous conditions such as icing. The
wind information is provided in the form of spot winds , the direction of the axis of the symbol
indicating the direction, and the number of barbs the speed of the wind over the location
indicated. (Chart by courtesy· of the Scriptorium, Beverly Hills, California; through W. E. and G.
Cartwright)

Radar

Radar, developed during World War II, proved an important tool in
meteorology, in particular in areas where surface observations- were lacking.
With this technique it became possible to observe the occurrence and
movement of precipitation up to a range of about 300 kilometres . In
aeronautical meteorology the feasibility of locating thunderstorms and of
measuring the vertical extent of these hazardous weather phenomena was a
great step forward. The later development of airborne weather-avoidance
radar gave pilots a valuable, although not perfect, device for the location of
thunderstorms, even when these are embedded in other cloud.

New moons
The advent of the artificial satellite made it possible to observe the Earth
from space . For the first time meteorologists were able to view complete
cloud systems on a global scale. Soon remote sensing by satellite became a
key element in the global observation system. Geostationary and polarorbiting satellites providing a constant stream of cloud images made it
possible to observe the formation and movement of active thunderstorm
areas, frontal zones and cyclones, in both tropical and temperate latitudes .
Of great value in the protection of human life was the new ability to detect
tropical cyclones at an early stage and to monitor the subsequent development and movement of these violent weather systems which, on striking
land, have on occasion resulted in thousands of casualties.
Remote sensing by satellites also made it possible to overcome to some
extent the sparseness of data over the oceans and uninhabited land areas .
Nowadays wind and temperature data from the upper air as well as from the
sea surface are obtained by sophisticated satellite observing techniques .
The description of actual weather is but one of the objectives of meteorology and an obvious question to ask is how the marked improvements in the
availability of observational data affected forecasting skill.

Numbers game
The achievements of mathematical astronomy in the nineteenth century
led to the conviction that - at least in theory - it must also be possible to
calculate the future state of the atmospheric circulation on the basis of
relevant physical laws and observational data. Unfortunately the problem in
meteorology is much more complex than in celestial mechanics, in particular
on account of the enormous amount of data required to describe the initial
state of the atmosphere . A heroic attempt to calculate the pressure distribution over central Europe six hours after observations for 20 May 1910 was
made by Lewis Fry Richardson. Many weeks of painstaking calculations
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gave a result which can only be described as a disastrous failure. Nevertheless, the visionary Richardson hoped that in the distant future it would be
possible to carry out the computations faster than the weather developed
and to obtain more useful results. No more than 40 years later the modern
electronic computer made this dream come true .

MANIAC and offspring

In 1950 the first numerical forecast was made by John von Neumann et al.
with the help of a first-generation computer called MANIAC . The mathematical-physical models and the computers used for the production of numerical forecasts were at first far from sophisticated. Nowadays the most
powerful computers are used in many meteorological centres with numerical
models that have been improved and developed during thirty years of
laborious research.
Computers brought about revolutionary changes in the production processes used in operational meteorology. As well as the processing, the
making and transmission of observations are to an increasing extent handled
by computers in order to ensure increased reliability and availability of
meteorological data and thus the further improvement of forecasting
accuracy.
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Chapter 3 - The present
Aviation

Nowadays, air transport plays an essential role in almost every area of
social and economic activity. In agriculture, light aircraft are used for sowing
and spraying crops; air transport also opens new markets for perishable
agricultural products such as vegetables and cut flowers. For the protection
of our environment aircraft are indispensable for recording wildlife development, fighting bush and forest fires, and monitoring pollution over land and
at sea.
In the health sector, light aircraft or helicopters are used to bring in
medical aid and transport casualties, not only in the case of emergencies at
isolated locations and on ships at sea, but also when traffic accidents occur
on the congested highways of densely populated countries. (Over the last
40 years, helicopters have helped save a million human lives, an average of
25 lives saved per unit.) In the building trade large helicopters are used to lift
and erect heavy constructions; sometimes complete houses are placed on
sites which are inaccessible to road transport. In the oil industry very
extensive helicopter operations have been organized for the logistic support
of drilling and production platforms at sea. It is evident that meteorological
information is essential for these general-aviation activities, particularly so
for those that are carried out in difficult and dangerous locations .
The most important contribution of aviation to the economy of every
nation is the provision of an effective national and international transport
system. The importance of rapid transport of people, mail and freight for
business and economic development is obvious, in particular in areas and
places where the infrastructure of surface transport is lacking. In most
industrialized countries more than 90 per cent of the international longdistance travel is nowadays by air. For many developing countries modern
tourism, made possible by effective airlinks , represents a valuable contribution to the national economy.

Statistics

Aviation activities on a world-wide scale are impressive: according to the
latest available statistics, 334 767 * fixed-wing aircraft were engaged in civil
flight operations at the end of 1986. More than 80 per cent of this airfleet
consists of propeller-driven single-engine aircraft with operating characteristics not much different from those of 50 years ago. Helicopters have greatly
increased in number ; approximately 13 500 * are at present in use. Most of
* Excluding the USSR and China.
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them require visual flight conditions , and are very vulnerable to icing.
Obviously the number of low-level flights which critically depend on
meteorological support is higher than ever before.
Airline transport, however, depends largely on turbojet or turboprop
aircraft; the airlines account for 95 per cent of all passenger-kilometres
flown, using some 9 OOO aircraft of these categories .
Typical cruising altitudes of commercial aircraft range from 10 to 13 km
( 30 000 -40 OOO ft). The average speed of international scheduled flights is
about 675 kilometres per hour , and the average number of passengers 145.
The capacity and performance of present transport aircraft , the wide-bodied
ones in particular, are impressive. A modern four-engine airliner designed to
serve long-distance, high-density intercontinental routes is capable of linking such destinations as New York - Seoul, London - Tokyo and Los Angeles Sydney non-stop , carrying up to 450 passengers at a time .

Airport
It is hardly possible to give even a rough outline of the extensive and
complex infrastructure that is required to support present aviation activities.

Aerodromes represent astronomical investments. Runways, taxiways,
aprons and the associated lighting systems, airport buildings, hangars and
the interconnections with the general road and railway system - all these
must be available before an aerodrome can play its role in the air-transport
system. In general, the positive effect of an aerodrome on the regional and
national economy warrants the high investment.

Airline
Alongside commercial activities such as accounting, ticketing, sales and
promotion, airlines must establish technical facilities for the maintenance,
overhaul and supply of aircraft. The provision of fuel and oil for commercial
aviation alone amounts world-wide to more than 67 million US dollars per
day. For bookings and the reception and handling of passengers, luggage
and freight the airlines have set up complex computer systems and
networks. Airline co-operation has led to standardized handling procedures
which greatly facilitate the transfer of passengers or freight to connecting
flights . For the international transmission of airline messages a very
efficient telecommunication system under the auspices of the International
Society of Aeronautical Telecommunications (SITA) has been established,
reducing the intercontinental relay of flight reservations to a matter of
minutes.

29

Control
The responsibility for the control of air navigation resides with the State.
Inte rnational co-operation in aviation at government level is undertaken by
the International Civil Aviation Organization (ICAO) . Nearly all States
throughout the world have joined ICAO by signing the Convention of
Chicago.
ICAO regulations define State responsibility regarding the safety, efficiency and regularity of international air navigation. The State almost always
applies the same precepts for its domestic air traffic. An important part of the
State 's activity in this field is the provision of air traffic services such as flight
information centres, area control centres, and navigation aids such as instrument landing systems and radio beacons. The air traffic services are internationally linked with a world-wide telecommunication network (AFTN) which
is used for rapid transmission of flight plans and other operational airnavigation messages . Neighbouring flight information and area control
centres are often connected by direct telephone lines. The provision of
meteorological services to air navigation is another important part of governmental activities in the interest of air safety. The regulations of WMO and
ICAO regarding aeronautical meteorology are identical and give a meticulous description of the extensive and detailed meteorological information
that should be available before and during flight.

Relevance
The average airline passenger, comfortably reclining in his seat while
travelling at a speed of more than 875 kilometres per hour, most of the time
high above the clouds , will have hardly any idea of the influence of
meteorological factors on his flight except for possible minor deviations in his
time of arrival due to tail- or headwinds. He will remember take-off when the
powerful engines accelerated the large, heavy aircraft within a minute from
standstill to take-off speed and the aeroplane became airborne long before
the end of the runway. Comparing the present "jumbos" with the wooden,
fabric-covered, "stick-and-wire" braced biplanes which marked the beginning of commercial flights, he will assume that weather conditions are of
almost no relevance to modern aviation. Nothing could be further from the
truth.

Impact
Meteorological data, observed or forecast, are needed for all phases of
flight and often determine operations . The airlines have developed strict
procedures for the use of meteorological information in their continued effort
to maintain, and where possible improve, safety. These procedures are
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based on a thorough evaluation of the value, but also of the limitations , of
meteorological observations and forecasts.
The accurate determination of meteorological factors used in the planning and execution of flights draws upon operational experience and theoretical knowledge of atmospheric variability, observational accuracy and
forecasting skill. The fact that air travellers are barely aware of the impact of
adverse meteorological conditions is due to the careful planning of flights by
airline specialists. Departure time, take-off weight, flight path and altitudes,
reserve fuel, alternate aerodromes and landing weight are adjusted according to the data provided by the aeronautical meteorological service.

Gust

On 17 December 1903, the first day of engine-powered flight, a gust of
wind damaged the Wright brothers' aircraft. Modern transport aircraft
exceed the performance of their forerunners of eighty years ago by more
than a million times. However, the occurrence of gusts on aerodromes is still
of much concern to aviation, as indeed are so many other meteorological
phenomena.

Take-off

One of the most basic aviation requirements in the field of meteorology is
the availability of reliable and representative observations at aerodromes.
Essential data for take-off and landing are wind direction and speed, visibility, weather and cloud height, temperature and pressure. Wind observations
are used for the selection of runways (landing is not generally allowed when
a crosswind exceeds 45 km/h) and for the determination of the maximum
allowable take-off and landing weights . Temperature is important in view of
engine performance and required take-off speed. High temperatures mean
lower air density; the thinner air has a reduced carrying power, resulting in
the need for higher take-off speeds and consequently more runway length. If
runway length is insufficient, take-off weight has to be reduced. This is
particularly important in the case of aerodromes in hot climates . A change in
temperature from 30° to 31°C corresponds to a 2000 kg reduction in maximum take-off weight (B-747) . Relative to the total weight of the aircraft , 2000
kilograms may not appear important, but it represents the weight of four
passengers and the fuel to carry them over 9 OOO kilometres. Maximum takeoff weight also depends on the wind during take-off. An air temperature of
15°C and a headwind of 18 km/h (10 knots) permit a 5200 kg higher take-off
weight than that possible under calm conditions. If, for technical reasons, an
aircraft has to take off in the direction of the wind, the penalty for a 9 km/h ( 5
knots) tailwind is a 9000 kg reduction in take-off weight.
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Standstill
Weather conditions also have a marked influence on aerodrome operations . During freezing rain, which is fortunately not a frequent phenomenon,
no aircraft movement is allowed on the aerodrome. Sand raised by wind is a
phenomenon in arid zones which may affect aviation considerably; when a
sandstorm occurs at an aerodrome all operations are temporarily suspended.
Rain and snow
Fuelling of aircraft is prohibited when a thunderstorm is active at or near
the aerodrome.
Take-off during thunderstorms or heavy showers is risky in view of the
danger of strong gusts of wind or sudden changes in wind direction along
the flight path (wind shear). Even a light snowfall is potentially dangerous
when temperatures are above zero. Under such conditions the aircraft has to
be sprayed with de-icing fluid immediately before departure , otherwise the
wet snow on top of the wings will freeze during take-off and the accretion of
ice and snow will adversely affect the aerodynamic properties of the wing,
resulting in a fatal loss of lift. Heavy snow causes strong reductions in
visibility, which may lead to delays in take-off.
Precipitation may still have a marked influence on aircraft performance
and braking action when it has stopped falling; runway contamination
severely limits take-off weight. A 1 cm layer of slush or standing water
necessitates a reduction of 25 OOO kilograms, and five centimetres of dry
snow a reduction of 40 OOO kilograms in take-off weight. If icing is expected
during or immediately after take-off, hot air is taken from the engines to heat
the wings . This so-called "air bleed" reduces the propulsive power of the
engines, and calls for a further 1 OOO kg reduction in take-off weight.

S A32U[J
•

t;/fi1 1 1111Hlll"flll

Fj

· • ,,: -

a·

tt ~

Water ingestion may be one of the problems caused by standing water on runways ; the relative
geometry of landing gear and engine intakes is decisive in this respect. Water ingestion tests of
the A320 Airbus prototype. (Photo: Airbus Industries)
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During and after snowfalls, aircraft have to be cleared of snow and ice before flight . (Photo :
J.-L. Altherr)
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Losses
It is clear that the maximum take-off weight permitted has a strong
impact on the economy of the operation. When this maximum is too low to
accommodate the payload the airline wishes to carry, the fuel required to
reach the destination and the prescribed fuel reserve, there are but two
unpopular alternatives: an intermediate landing to refuel or a reduction in
payload. Both alternatives involve high extra costs.

Visibility
The minimum visibility at which take-off is still allowed depends on the
facilities at the aerodrome (runway dimensions, runway illumination and
navigational aids) as well as the navigational instrumentation of the aircraft.
Although modern aircraft normally have the capability to take off and land at
properly equipped aerodromes during long very low visibilities, there are still
many commercial aircraft for which take-off has to be postponed because
actual visibility and cloud base are too low.
This is particularly the case for take-off from isolated aerodromes where,
if after take-off a malfunction of an engine should occur, the aircraft must be
able to return and land. Visibility and cloud base greatly affect the handling
of traffic at the aerodrome. During good weather air traffic control and
aerodrome services can manage more take-offs and landings in the same
span of time than during poor weather conditions. Holding or start-up delays
are a recurrent problem at congested major airports whenever weather
reduces the acceptance rate of the aerodrome.

Pressure
The atmospheric pressure measured at the aerodrome is used for the
altimeter setting of local air traffic. It is evident that pilots must be able to
rely absolutely on the pressure values provided by the meteorological station
of the aerodrome where landing is intended. In particular, when high ground
or other obstacles in the approach path are obscured by cloud, a correct
altimeter setting is matter of life or death.

a

Observing stations
The important impact on air operations of a relatively small change in
wind, visibility, temperature or pressure clearly highlights the necessity to
equip each aeronautical meteorological station with accurate and reliable
instruments located at the right positions on the aerodrome. The observing
stations at aerodromes have a twofold function: they monitor and report all
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meteorological elements essential to aviation and they form part of the WMO
Global Observing System, the basic network of observing stations, which is
indispensable for all meteorological activities. The considerable aviation
requirement regarding observations at aerodromes is very beneficial for the
development of operational meteorology : it is estimated that one-third of the
observing stations carrying out a complete daily observing programme are
located at aerodromes.

The limits at which an aeroplane can be safely operated depend on the equipment carried on
board and on the facilities installed along and ahead of the runway. A scheduled aircraft taking
off in low visibility. (Photo: Vaisala Oy)

En-route wind
The flight duration and the fuel required depend on the winds and
temperatures along the flight path. The higher air speeds of modern aircraft
make the influence of wind relatively less important, but the wind speeds at
the cruising levels of present-day airliners (10-13 km) are on the average
much greater than those at lower altitudes used by piston-engined aircraft.
The daily fuel consumption over the longer routes shows important
variations due to wind, in particular for west- and east-bound flights in
temperate latitudes; e .g., an average headwind of 90 km/h over a distance
of 5000 kilometres corresponds to a fuel consumption 10000 kg higher than
in the case of zero wind (B-747). To carry unnecessary fuel reserves on long
flights is very unprofitable; the extra weight increases fuel consumption
considerably and may, in many cases, force a reduction of payload. The
narrow currents of maximum wind, called jetstreams, which are found in
the atmosphere in the same altitude range as that used by modern
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transport aircraft often extend over distances of more than a thousand
kilometres. Wind speeds of 200 km/h are common in the core of the jetstream
and occasionally wind maxima exceed 500 km/h. It would obviously be
ridiculous to fly head-on against such strong winds when they can be
avoided by a detour not much longer than the original flight path.
Wind speed and direction usually vary with altitude, and hence flight
time and/or fuel consumption can be optimized by careful selection of flight
levels with the most advantageous winds. It is clear that reliable wind and
temperature information at all appropriate levels along the routes to be
flown is required for company flight p lanning in order to avoid carrying an
unnecessary fuel reserve - or, worse, carrying insufficient fuel to reach the
destination. Intercontinental flights may take 8-14 hours; the flight planning, which determines the permitted load and the required fuel, must be
completed before the aircraft can be made ready for the intended flight.
This implies that winds and temperatures for flight planning must be
forecast values with validity times 12 to 30 hours ahead of the time when
the upper-air observations forming the basis of the forecast were made. On
account of the extensive routes of many of the international airlines,
aviation wind forecasts must sometimes cover the entire globe. World-wide
forecasts of upper winds at eight levels from 1.5 to 14 kilometres, valid for
12, 18, 24 and 30 hours after observation time, represent a huge amount of
data!

Numerical forecasts
Twenty years ago it would not have been possible for meteorology to
meet such a requirement . At that time wind forecasts were either made
manually or produced by computers of limited accuracy for restricted areas
only. Nowadays the global wind and temperature patterns are routinely
produced by sophisticated numerical methods with the aid of very powerful
computers. The wind and temperature data obtained are transmitted via
high-speed communication links to the airlines, which also employ computers for the rapid calculation of flight plans and fuel requirements for flights
within their networks. Although the accuracy of the forecasts is not yet
perfect - important differences between forecasts and actual winds on a
small to medium scale are found from time to time - the average performance of the global wind forecasts is very satisfactory. Normally aircraft on
long-distance flights carry less than five per cent reserve fuel to a llow for
forecast inaccuracies.
The availability of high-quality wind forecasts for commercial aviation is
extremely important; without wind information, long oceanic flights would
have to carry such large amounts of extra fuel (at the expense of payload)
that operating costs would be almost prohibitive. Airlines make considerable
savings thanks to the improved wind forecasts now available.
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WAFS

Each day aircraft from many countries fly along the same heavily travelled airways between major destinations. The daily production of flight
forecasts for identical routes or areas by all the countries from which the
flights are undertaken would mean a useless waste of effort. As early as
1970 the first steps were taken to centralize the production of regional area
forecasts at specific national centres.
When the centralized production of aviation wind forecasts for the entire
globe became possible, the advantages of international co-ordination
became even greater. In 1983 ICAO and WMO jointly adopted the World
Area Forecast System (WAFS) . Under this system two World Area Forecast
Centres (London and Washington) are responsible for producing, independently, global forecasts of winds and temperature. Through mutual
exchange of data between the two world centres , a back-up is available in
case of an interruption in operations at one centre.

Thunderstorm
Information on significant weather conditions during flight remains an
indispensable factor in the planning and execution of air operations. Atmospheric water - in gaseous, liquid or solid form - plays an important role in
all but one of the weather phenomena hazardous to aviation. The behaviour
of the atmosphere would be much simpler without the presence of water in
the air! The water vapour content of the air is the decisive factor in the
formation of fog, clouds and precipitation. Moreover, water vapour affects
the vertical stability of the atmosphere by increasing vertical motion and
thus precipitation. The energy involved in these processes is amazing : the
latent heat released by a moderate thundercloud is equivalent to the energy
of a nuclear ex plosion of 400 kilotons .
A thunderstorm unites almost every hazard known to aviation. Flight
through such clouds is avoided whenever possible and, although most
commercial aircraft are equipped with airborne weather radar, a pilot
always requires up-to-date information concerning the location and extent
of any active thunderstorm area which may affect his flight. Thunderstorms often reach far greater heights than the usual cruising levels of
commercial aviation. The hazards involved in penetrating a thunderstorm
are: severe turbulence, hail, icing, and - to a lesser degree - lightning .
Downbursts, the strong descending air currents found underneath storm
clouds, cause rapid variations in wind speed and wind direction near the
ground which are extremely dangerous to low-flying aircraft. Sometimes
violent thunderstorms cause the formation of concentrated powerful
vortices, extending from the ground well into the cloud, called tornadoes
or, when over water, waterspouts. Tornadoes produce the highest wind
speeds experienced near the ground (maximum values are estimated at
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Squa ll line w ith active thunderstorm cells as dis played on the s creen of a n a dvanced we athe r
rad a r. Different colours are as signe d t o differe nt precipitation intensities , m a king it e a sy t o
vis ualize the structure of the s q uall line. (Pho to : Swiss M e t eorological Ins titu t e)

460 km/ h) . An aircraft entering a tornado vortex is almost certain to suffer
structural damage .

CAT
Widespread turbulence not associated with clouds may occur due to
large differences in wind speed or direction over relatively short distances .
This phenomenon, called clear-air turbulence (CAT), is often found at higher
flight levels, in particular in association with jet streams. It may vary in
intensity from light choppiness to heavy turbulence which may throw about
all passengers not secured by seat belts.
The reliability of CAT forecasts has been problematic since the introduction of jet traffic because the phenomenon is very difficult to forecast .
Fortunately, the numerical simulation of clear-air turbulence production, at
present under development, promises to give better results.
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RAFC

The preparation of en-route weather forecasts for aviation is a timeconsuming process in which human intervention is essential. The specialists
involved in this work need to have a thorough knowledge of the regional
climate and to be familiar with the characteristics of weather situations
common to the areas concerned. For this reason it is not yet possible to
concentrate the production of these forecasts in a world centre and consequently the responsibility for this task is shared by Regional Area Forecast
Centres which, in co-operation, issue significant-weather forecasts covering
all air routes of the world .

Landing
Even when meteorological conditions are perfect for landing, putting a
large aircraft safely on the ground remains a critical operation. The landing
weight of a wide-bodied aircraft may exceed 200 metric tons and the speed
at touchdown 250 km/ h. After landing, the aircraft has to be slowed down to
taxiing speed. The brakes have to absorb a tremendous amount of energy
and a safety margin is essential. The maximum landing weight is determined
on the basis that the aircraft must be brought to rest within 60 per cent of
the available le ngth of a dry, clean runway. Maximum landing weight
depends on the elevation of the aerodrome , the wind along the runway, the
air temperature and the state of the runway.
When strong or gusty winds blow across the runway, landing will
frequently be prohibited; and runways contaminated by standing water,
slush or snow become readily unserviceable in even relatively light crosswinds . The d e velopment of electronic landing systems has drastically
improved the capability to continue operations during fog; automated landings are nowadays routinely carried out with a runway visual range of as
little as 125 metres . Not all aircraft and not all aerodromes , however, are
equipped with landing systems of the required precision. Moreover, automated landings in fog are not permitted when crosswinds are stronger than
a gentle breeze (18 km/h).
The impact of weather phenomena is particularly important during
approach and landing. The rapid transmission to the landing aircraft of
current values of wind direction, wind speed and gustiness .as well as the
visual range along runways and taxi tracks is indispensable .

General aviation
The modern airliner represents an impressive feat of aeronautical
engineering. Notwithstanding the astounding performance of such aircraft,
weather factors have a marked influence on their operation and the timely
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supply of reliable and accurate meteorological information is of paramount
importance to the economy and safety of commercial air navigation. More
than 80 per cent of the world's fleet of fixed-wing aircraft consists of oneengine, piston-propeller aeroplanes, which are just as vulnerable to weather
as were the small aircraft of 50 years ago.

Meteorological support to general aviation is more than ever a major task of aeronautical
meteorology. (Photo : J .-L. Altherr)

Meteorological support to general aviation has strong safety implications
and is more than ever a major task of aeronautical meteorology, but the great
diversity of general aviation operations and the use of numerous small
airfields not equipped with meteorological stations makes the task particularly difficult. For general aviation flights many countries have set up (automated) meteorological information systems which may be consulted by
telephone. WMO promotes the development of appropriate techniques to
improve the meteorological service to this important branch of aviation.

Task
Although the World and Regional Area Forecast Centres provide forecasts
of upper winds, temperatures and significant en-route weather, an impressive task remains for the national Meteorological Services. Centralized production of global and regional forecasts ensures the availability of reliable
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flight-planning data at every aerodrome connected to the appropriate telecommunication facilities for the world-wide dissemination of these products .
However, the tasks of aeronautical meteorology which have the most direct
impact on flight safety have to be undertaken by individual countries.
Besides the arrangements for the observing and reporting of weather conditions at international aerodromes as described earlier, important functions
are the preparation and diss emination of aerodrome forecasts and the
provision of a meteorological watch on flight conditions within the national
airspace and over international areas. At international airports specific
meteorological information must be issued to aircrews for millions of flights,
either through briefing and consultation or by automated means . These
activities require not only the establishment and maintenance of an adequate infrastructure - observing stations, aerodrome meteorological offices
and telecommunication systems - but also the associated technical
development and training of personnel.

A professional pilot being briefed at Antananarivo/Ivato meteorological office, Madagascar.
Every day, thousands of flight crews throughout the world receive the meteorological information which they require . (Photo: ASECNA)

World Weather Watch
International co-operation is as essential in meteorology as it is in aviation. The analysis of the actual weather situation around the world at regular
intervals and the subsequent computation of the future global circulation at
various heights are not only essential for their application in aviation. Most
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weather-prediction methods are nowadays based on the availability of such
numerical products, irrespective of whether the resulting forecasts are used
in agriculture, transport, industry or for the benefit of the general public.
Operational meteorology on a global scale is possible only if all national
Meteorological Services co-operate fully in the acquisition, exchange and
processing of observational data. This is arranged by WMO through the
World Weather Watch (WWW), the world-wide co-ordinated system
designed to provide all countries with the meteorological information
required for their national and international activities.

Basic systems
The WWW consists of three basic systems : the GOS, GTS and GDPS.
The Global Observing System (GOS) comprises not only 9 500 surface ,
600 radar and 770 upper-air observing stations , but also the 7000 ships,
200 drifting buoys and numerous aircraft providing weather reports and, last
but not least, nine meteorological satellites. The continuous flow of data
originating from the GOS can be handled only by means of modern telecommunication and processing facilities. The second basic system of the
WWW is the Global Telecommunication System (GTS), which interconnects
all Meteorological Services in the world and is used for the rapid exchange of
observations and processed data.
Not all countries have at their disposal the powerful computers and
advanced facilities that are needed to manage the voluminous stream of data
and to produce the numerical analyses and forecasts of global and regional
atmospheric patterns required by most of the Meteorological Services. The
Global Data-processing System (GDPS), the third basic system of the WWW,
assigns to various meteorological centres the preparation and dissemination
(via the GTS) of basic numerical products . In this way every country may
profit from the advantages of international co-operation in meteorology.
The great importance of the World Wea t her Watch for aeronautical
meteorology is self-evident. The World and Regional Area Forecast Centres
can only function adequately if the WWW provides without undue delay all
the relevant observational data of the areas concerned. Moreover, there is a
close relationship between the WAFS and the WWW since the Area Forecast
Centres often function as Regional Centres in the Global Data-processing
System.

Regulations
The two activities of WMO essential for day-to-day operations in
aeronautical meteorology are:
(a) Support of the WWW;
(b) Development of regulatory material.
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It has already been mentioned that the basic systems of the World
Weather Watch are indispensable in providing the observational and processed information required as a basis for aviation forecasts. The conjoint
action of WMO with ICAO concerning the regulations and procedures which
ensure adequate international co-operation is another key activity. The
importance of world-wide standardization in aviation meteorology should
not be underestimated. The various national users of meteorological services
are generally well informed about how, when and where the weather
forecasts they need are available and normally matters are not complicated
by language problems . In aviation, however, things are not that easy!

Codes
An airline pilot may take off from a snow-covered runway and land a few
hours later on an aerodrome in the tropics . Not only the climate and weather,
but also the written and spoken language may differ widely from one airport
to another. At major air terminals pilots from all over the world have to be
provided with meteorological information for flight planning. Although they
are not professional linguists, weather forecasters and aircrew can in most
situations communicate satisfactorily. Misunderstandings are dangerous;
this risk has carefully been eliminated by the rigid standardization of the
form in which the information is given. Aerodrome reports and forecasts are
issued in the appropriate WMO aeronautical codes. Wind and significantweather forecasts are generally entered on the prescribed chart form by
means of the internationally agreed symbols and notations . It is estimated
that more than half a million pilots and as many ground personnel are
familiar with these codes and charts. Without the advantage of generally
accepted products and procedures, the supply of adequate weather information for all flights would be absolutely impossible, considering the present
high volumes of traffic and the diversity of destinations.

Aeronautical Meteorology Programme
In addition to the activities mentioned above , the World Meteorological
Organization also tries to improve meteorological service in support of
aviation by means of its Aeronautical Meteorological Programme. Essential
programme elements are: implementation support, education and training,
and promotion of research.
There are important differences between various countries concerning
the development of meteorological services for air navigation. The global and
regional forecasts which are made available through the World Weather
Watch and the World Area Forecast System are an important contribution to
efficiency. Nevertheless, each country is responsible for a number of
meteorological tasks that can be accomplished only by means of sophisti43

cated methods, highly specialized personnel and expensive facilities, e .g .
weather radar, satellite-data receiving stations and meteorological computer
systems. It is understandable that the financial and technological means to
establish meteorological provisions for aviation at the required level are not
at present available in all countries. WMO endeavours to help these countries by providing technical guidance and promoting specialized training.
WMO also has its own technical co-operation programme to supplement that
of the United Nations: the WMO Voluntary Co-operation Programme (VCP) .
The assistance through the VCP may be either financial or in the form of
direct practical aid, such as the supply of equipment.
It has been mentioned that the accuracy attained by aviation forecasts to
date does not yet satisfy all requirements . WMO is not only engaged in the
co-ordination of operational meteorology but also in the promotion of atmospheric research. This field nowadays encompasses very wide-ranging
scientific activities ; by formulating research projects aiming at improving the
application of meteorology to air navigation , WMO ensures that scientists
remain informed about aeronautical requirements .

Benefit of aeronautical meteorology
The importance of air transport in a wide variety of economic and social
activities has already been described at the beginning of this chapter. For
aviation, the availability of high-quality meteorological information will
remain an essential factor in maintaining efficiency and safety of flight
operations. Negligence regarding existing or expected weather conditions
may lead to a waste of time and fuel, unnecessary deviations, damage to
aircraft and even loss of life. In view of the huge capital investments and the
high operating costs of modern aviation, airlines make every effort to avoid
any risk to the smooth execution of flight schedules .
By establishing meteorological stations and offices at aerodromes the
State makes a valuable contribution to the infrastructure of aviation which
will have a positive effect on the development of the national economy.
Meteorological service to air navigation is very cost-effective. The repair
costs of one case of hail damage to the tailplane of an airliner easily exceed
the annual salary of a qualified meteorologist. The operational value to
airlines of the global wind and temperature forecasts issued by one of the
World Area Forecast Centres has already been mentioned; the annual
financial benefit is assessed at many millions of dollars. There are also
indirect benefits .
When a meteorological office is established at an aerodrome , it will soon
be discovered as a source of valuable meteorological information by local
farmers , industries and commercial firms with weather-sensitive operations.
It is not unusual for one aerodrome meteorological office to have more than a
hundred regular non-aviation customers in the region. Generally, such use of
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Wind-measuring instruments at Hong Kong Airport. Reliable wind observations for landing and
take-off are essential, particularly at aerodromes where nearby hills or high buildings affect the
wind over the runway. (Photo: Hong Kong Government)
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the spare capacity of aeronautical offices is encouraged. It is indicative of the
advantages which can be derived from integrated Meteorological Services .
When a national Aeronautical Meteorological Service is established as a
completely separate , independent organization, this may lead in some
respects to a waste of resources. Nowadays material provisions, staff and
infrastructure for the basic meteorological functions are so costly that integration of services is inevitable. Moreover, a close relation with other
activities in meteorology is essential if aeronautical meteorology is to profit
from the advances in atmospheric sciences and technology. In countries
where the sole task of the national Meteorological Service was originally
support to aviation, the broadening of operations to cover other applications ,
e.g. agriculture , shipping, surface transport, industry, etc., has realized an
important, very cost-effective contribution to the national economy.
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Chapter 4 - The future
The development of aviation technology will surpass all known limits .
New materials will result in stronger and more economical engines and in
lighter airframes with improved resistance to fatigue and corrosion. Sophisticated on-board electronic systems will control the aircraft operation automated take-off, landing and en-route navigation - with high precision.
Data links will partly replace voice communication between aircraft and
ground and will permit the rapid transfer of navigational and meteorological
data. The use of satellites will improve navigation, surveillance of aircraft
and traffic control. Aircraft design is e xpected to further improve the performance and economy of commercial transport aircraft. The higher performance of the new generation of aircraft will enable a greater payload to be
transported over longer distances. Development of a space plane, a vehicle
which will be capable of taking off like an aeroplane and flying into space like
a rocket, is now entering its second phase.
Advances in aviation technology will continue to make flying less
weather-sensitive. However, meteorological information will remain essential for air transport operations. For example, the latest aircraft with a nonmetal shell must be protected against lightning and electromagnetic interference . Higher speeds and advanced wing profiles will increase the aircraft's sensitivity to heavy rain.
The astronomical costs of the initial expense and operation of a fleet of
modern airliners combined with the competitive market in air transport will
ensure that commercial aviation makes optimum use of meteorological
information before and during flight .
The scientific and technical developments in meteorology indicate that
present and future aviation requirements can be met with confidence . The
performance of the numerical models for global forecasts of winds and
temperatures will improve further as a result of scientific progress and more
complete basic data. It is expected that research on small- and medium-scale
weather phenomena will lead to better aerodrome forecasts.
The installation of Doppler radar at aerodromes will make possible the
early location of cloud systems capable of generating downdraughts and
wind shear. The next generation of meteorological satellites will be a
powerful tool for detecting and monitoring hazardous weather. Satellite
data over oceanic regions will help to improve definition of the upper air
flow, and in particular the position of jet streams and areas of clear-air
turbulence .
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Conclusions
Air navigation is by nature sensitive to atmospheric conditions and
meteorological information will remain an important factor in the planning
and execution of flights. Through international co-operation in meteorology
and aviation, a very cost-effective distribution of tasks in the production and
supply of the required meteorological data has been achieved. Almost all
States have joined the World Meteorological Organization and the International Civil Aviation Organization; in this way an impressive expertise in the
field of aeronautical meteorology has been harnessed, as regards not only
general practices, but also all the regional and local weather phenomena of
importance to aviation.
Regional and sub-regional co-operation in aeronautical meteorology is
conveniently arranged within the context of the two international organizations with the advantage that the world-wide compatibility of services is
ensured. Another important benefit of international co-operation is the
technology transfer to countries where aviation meteorology is still under
development.
The responsibility of the national Meteorological Services primarily concerns the establishment of aeronautical observing stations and (aerodrome)
meteorological offices . The supply of aerodrome observations and forecasts
together with the monitoring of potentially dangerous weather phenomena
in the national airspace are the main contributions to aviation which have
substantial safety implications .
The great importance of aviation to society and the economy warrants
the costly establishment of the required supporting infrastructure.
Aeronautical meteorological services certainly form a cost-effective part of
this structure, in particular as a sub-system of an integrated national
Meteorological Service .
As for the future, there is no reason to doubt that aviation will require
continued support from meteorology. Technological and scientific advances
will make it possible to accept this challenge with confidence.
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