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I would rather speak on the latest findings about the Morning Glory; it is
an exciting new type of atmospheric response hitherto little expected or
explored. It is more appropriate, however, to vary the theme and try to
look at meteorology in long perspective. How did the science of
meteorology arise and why? How was it transmitted from its European home
to the somewhat alien soil of Australia?

At this point I echo the sentiments of H.C. Russell in his
address to the Royal Society of New South Wales in 1892. 'I had proposed',
he began, 'a short resume of scientific work in New South Wales during the
past year. But the subject is far too large unless I could count on your
undivided attention for three or four hours.'

I shall now try to present an overview of the early history of
meteorology up to the time of the First Fleet in 1788. This history can be
divided into three periods. The first is the Age of Speculation from 600
BC to AD 1600. The second, the dawn of modern meteorology, from AD 1600 to
1800; and the third, the recent period of growth and refinement of
meteorological understanding, from 1800 to the present. This last period
may be further subdivided into an empirical era up to 1920; a transitional
one up to 1950; and a scientific one, up to the present. No attack on the
last two subdivisions is attempted here.

Australian history of the subject spans 120 years before meteorology
became formally a Commonwealth activity in 1908, and 73 years since.

The Age of Speculation began in Europe at least as early as 5000 years
BP (before the present). From earliest times there were saws, proverbs,
signs and portents claiming to predict weather. Many still survive. Some
have been found in early Chinese writings as well as in early Mesopotamian:
for example, the notion that the weather in the first twelve days of the
year foreshadowed that in the next twelve months. In Mesopotamia, rules
for forecasting weather have been found over the period 3500 to 300 BC.
These were essentially 'astrometeorology', the central idea being that the
heavenly bodies determined weather variations, an idea still flourishing
today. B&An example quoted is: ‘'When it thunders on the day of the moon's
disappearance the crops will prosper and the market be steady'. Signed
forecasts were regularly supplied to King Ashurbanipal of Assyia in the
seventh century BC. The penalty for failure is apparently not in the
record.

It is said that no important writings on meteorology are known to

occur in Egyptian literature, which is not surprising, in view of the
relative lack of weather variation in that land. The rainfall of
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Heliopolis is said to average not much over one inch per year. Nile
flooding took, and still takes, the place of rain, and there was
controversy about this for 500 years, until Eratosthenes gave the correct
reason about 200 BC.

The early Israelites had an interest in weather, as can be seen in the
Scriptures in many places. For example, Job states that 'fair weather
cometh out of the north', in the fifth century BC. 1In Ecclesiastes the
preacher (Ch 11) suggests that trying to anticipate the behaviour of wind
and clouds is the road to stultification in agriculture.

It is probable that other early civilisations, for example the
Chinese, were interested in and produced theories to account for weather
and climate. I have not attempted to explore these, and can be
accused of European bias, because the material is readily available.

The obvious close connection between religion and weather in
early civilisations can hardly escape notice. Perhaps the most important
function of the priesthood was to forecast the seasons, to facilitate
agriculture - an astronomical problem. There is evidence that for example,
Stonehenge served this purpose, and in pre-Inca cultures in South America
an important activity was to construct the 'hitching-post of the sun', i.e.
to find the time of solstices by means of a suitable rock marker. Thus the
priestly cast was charged with the study of astronomy for important
practical purposes. Some cultures of course offered also short period
weather control or prediction by means of prayers, propitiation,
sacrifices, rituals; and some vestiges of this nexus are to be seen in
present-day Christianity. Prayers for rain or natural disaster mitigation
are still sometimes offered.

A story from Daly Waters (NT) in the 1930s shows that an Aboriginal
culture also contained this nexus. It is recorded that the meteorological
observer at that once~important aerodrome was known jocularly as 'the rain-
maker'. That title made the Aboriginal hotel employee indignant, because
his father, a man of immense dignity, was a 'real rain-maker'. He employed
the proper rituals plus a bullroarer to make rain when it was needed, but
was not foolish enough to employ rubber balloons to try to make rain in the
middle of the dry season.

The ancient Greeks, of course, had many gods, and an appropriate
priesthood. Zeus, the king of the gods, had power over lightning and
meteors, Poseidon over storms at sea, and other less-powerful gods also
controlled aspects of weather; for example Apollo, Athene, Artemis, Aeolus.
They could be propitiated by sacrifices. To doubt the power of the gods
was 'hubris', a crime for which the punishment of the gods could be severe.
Despite this, there was a streak of rationality in the Greeks which seems
to set them apart from other civilisations. &n amusing example of this is
to be found in the historical writing of Herodotus (484 - 420 BC.):

The storm lasted three days. At length the Magi, by offering victims
to the winds and charming them with the help of conjurors, while at the
same time they sacrificed to Thetis and the Nereids, succeeded in laying
the storm four days after it began. Or perhaps it ceased of itself.
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This early Greek rational spirit prompted them to make the first regular
meteorological observations, and theories were developed by them during the
flowering of Greek culture in the fifth and fourth centuries BC. Greek
history, as we now know, goes back at least to the middle of the second
millennium BC, but the first extant writings on meteorology were by Thales
of Miletus, about 650 BC. There is evidence that he had studied Babylonian
writings. His pupils wrote philosophical treatises; they understood the
atmospheric hydrological cycle and even, in principle, the vertical
temperature structure of the atmosphere.

Greek science is usually stated to have ulminated in Aristotle (384 -
322 BC), famous as the tutor of Alexander the Great, and the unquestioned
authority on meteorological theory for 2000 years. ‘'Ipse dixit' (the
master has said it) became the standard proof for any scientific
proposition. He was the great systematiser of the knowledge of the time,
and inspired thousands of commentaries. His work Meteorologica (the
study of things aloft) contained 42 chapters, of which fifteen were on
topics nowadays regarded as meteorology.

One can sum up the meteorological content of his writings by saying
that his conclusions are so far wrong that they can have little more than
antiquarian interest. In his defence we recognise that as a scientist he
suffered great handicaps: no instruments or measurements, little
technology, almost no precise concepts. The idea of experimentation was
paid lip-service but Aristotle, as far as we know, never did any. Finally
the mathematical notation available was exceedingly clumsy. He was, in
fact, a philosopher rather than a scientist - an argumentative, obstinate
one at that - who preferred deductive reasoning, usually from false
premises. Undoubtedly a great thinker in his time he was, due mainly to
the fault of his successors, a hindrance to progress for 1000 years. He
did however, perform a great service to scientific thought by breaking away
from superstition, by setting people thinking, by asking the right
questions.

Aristotle's followers appear to have contributed little of value.
They developed 'astrometeorolegy', which purported to predict weather by
reference to heavenly bodies, a sterile approach that is still with us. It
is noteworthy that a Greek word coined during Aristotle's time to describe
a philosopher out of his depth, babbling about sublime things that he did
not understand, was 'meteorolesches'. Such people were lampooned by
Aristophanes in The Clouds: a kind of religious backlash.-

For the development of modern science, including meteorology, the
authority of Aristotle had to be broken. Cracks in the Aristotelian
edifice began to appear with Roger Bacon, a thirteenth century EBEnglish
monk. He pressed the view that experimentation provided the touchstone of
truth, that observation should replace authority. The new spirit of
inquiry did not bear fruit until much later. Cardano (b. 1501) used
experimental method and challenged the authority of Aristotle. The
seventeenth century saw the further development of experimentation,
measurement and theory, and the final shedding of Aristotle's influence.
Men such as Galileo (b. 1564), Descartes (b. 1596), Pascal (b. 1623),
Huygens (b. 1629) and Newton (b. 1643) laid the foundations of modern
physical science.
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For meteorology to develop as a science, a physical framework was
necessary at least in dynamics, thermodynamics and electromagnetic
radiation, and suitable mathematical tools had to be invented. Most of
this basic work was done in the seventeenth, eighteenth and nineteenth
centuries, by the aforementioned and many others, for example Leibnitz
(1646), Euler(1707), Lagrange (1736), laplace (1749), Ooriolis (1792),
Joule (1818), Clausius (1822), Kirchhoff (1824), Kelvin (1824), Stefan
(1835) and Wein (1864).

Necessary for meteorology also, for defining and refining concepts,
was the development of measuring instruments to make quantitative treatment
possible for the first time.

The germ of thermometry was perhaps due to Philo of Byzantium in the
third century BC. Galileo in 1600 used Philo's experimental idea to
produce a measure of temperature. TIater development was due to Hooke
(1644), Haygens (1665), Newton (1701), Fahrenheit (1714), Reaumur (1730)
and Celsius (1742).

Pressure measurement began with Torricelli (1641), a disciple of
Galileo, and was refined by Hooke (1665), J. Bernouilli (1680) and
Moreland (1688).

Early attempts to measure atmospheric humidity are traceable to de
Cusa (1450), who weighed wool. Hooke (1665) reported using a violin string
and then the beard of a wild ocat, which was more successful. Lambert
(1768) found a relation between 'humidity' and temperature, and published
an annual graph for both variables, perhaps the first instance of
graphical representation in meteorology. De Luc (1773) fixed points on a
humidity scale, while de Jaussure (1783) found a clean human hair an
effective sensor, and showed moist air to be less dense than dry air under
fixed conditions. The Accademia del Cimento, founded by the Duke of
Tuscany in 1657 and closed by order of the Church in 1667, invented a dew-
point hygrometer. The wet and dry bulb psyshrometer was developed by many
workers in the nineteenth century so that by 1880 a standard psychrometer
was in fairly general use.

A measuring rain gauge was in use in India in 400 BC, in Israel in
100 BC, in Korea in 1442 and seems first to have been used in Europe in
1639. Improvements were made by Wren in 1662 and Hooke in 1695.

The first known anemometer was a pressure plate type used in 1450.
Leonardo da Vinci described such a device in 1500. Hooke (1667) produced a
swinging place anemometer still useful for rough field work; while the
pressure tube type was only perfected by Dines about 1900.

The wind vane for estimating direction was in use very early. The
Babylonians used an eight point wind rose well before the Greeks, who seem
to have borrowed it from them although they had no word for ‘vane'. The
vane at the top of the so-called Tower of the Winds built by Andronikos
Kyrrhestes dates from the second century BC.

We turn to the history of the systematic collection of weather
observations, nowrecognised as an-essential prerequisite to an
understanding of broadscale meteorology.
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As far as is known, the earliest regular observations date from the
fifth century BC when the Greeks kept such records for maritime purposes.
The first known western European observational series is that of William
Merle of Oxford for the years 1337-44. Fobert Hooke, who has been called
the father of modern meteorology, in 1663 advocated regular observations at
many places and designed a format for 'making a history of the weather'.
The French Academy in 1688 collected data from a considerable network. In
Iondon in 1723 Secretary Jurin of the Royal Society appealed for weather
data from an international network of observers, and in 1728 Greenwood, an
American, proposed collecting all ships' observations.

It is apparent that these efforts were not sustained, and the pleas
soon forgotten. Scientific societies had many problems to solve without
becoming involved in masses of weather data. Specialist meteorological
societies were required for this purpose.

The first such Society was founded at Mannheim in modern Germany in
1780 and endured until 1795. The next was the Meteorological Society of
Iondon, founded in 1823, and amalgamated with a new British Meteorological
Society in 1850, which became The Royal Meteorological Society in 1883, and
of which our group forms a Branch.

our historical outline has now taken us to, or a little beyond, the
time of the First Fleet (1788). On the world scene, meteorology had at
this time:

(a) No weather maps. FitzRoy's were still 72 years away.

(b) No weather forecasts, apart from those of the astrologers and
astrometeorologists.

(c) No laws of thermodynamics or radiation.

(d) No general circulation theory, apart from that of Hadley (1735),
which was not 'discovered' until 1793 by Dalton.

(e} No knowledge of oriolis effects.

(f) No modern aids,such as telegraph, radio, aircraft, satellites,
computers.

In 1788 meteorology was considered a part of astronomy, and many
thought weather forecasting could only be approached via astronomy, as some
long~-range forecasters apparently still believe.

We should be aware also that Australia would almost certainly never
have been chosen by the British Government as the site for a penal colony
if it had not been for the wildly optimistic assessments of the climate and
soil of Botany Bay by Cook and Banks in 1770. European ARustralia began
with a misjudgment of the weather. (A similar misjudgment occurred prior
to the settlement of the Swan River Colony in Western Australia.)

We shall now briefly examine the early history of meteorology in
Australia by means of vignettes of some of the principal characters.

Since Gentilli (1965) and Gibbs (1969) treated this subject, a new set
of observations taken in early Sydney has been found by Robert McAfee, of
Macquarie University, in the library of the Royal Society of Iondon. To
him we are indebted for the first vignette.
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Lieutenant William Dawes (1762-1836) arrived with the First Fleet. 1In
1779 he had become a second lieutenant in the Royal Marines, on the ship
Resolution. In 1781 he was wounded in the Battle of Chesapeake Bay in
the War of Independence. He became a friend of Astronomer Royale
Maskelyne. 1In 1787 Dawes volunteered for service in New South Wales.
Maskelyne arranged for him to be given books and instruments by the Board
of Longitude to look for a comet last seen in 1661 and expected to re-
appear in 1789. He helped to survey the streets of Sydney and Parramatta.
He 'became an authority on Aboriginal languages'. He led a party across
the Nepean River in an unsuccessful attempt to cross the Blue Mountains. A
contemporary described him as 'amicable, young, religious but not
sanctimonious, kind, knowledgeable, cheerful, esteemed and respected by
all'. Elizabeth Macarthur (wife of the prominent sheep breeder) to whom he
taught astronomy, wrote that 'he was so much engaged by the stars that to
mortal eyes he is not always visible'.

His stay in New South Wales came to an end as the result of a
disagreement with the Governor. Dawes and Lt Tench were instructed by the
Governor to go out and collect ten Aboriginal heads (hatchets and bag
supplied) for their alleged murder of a gamekeeper. Dawes refused to
participate, but was persuaded by the Chaplain not to provoke the Governor,
and finally obeyed a watereddown version of the original command. On his
return he let it be known that he would not obey a similar order in future,
thereby risking court martial. His view was that in nearly all clashes
with the Aborigines they were the injured party, and that the gamekeeper
had violently provoked them.

In 1791 the Governor received a request from Iord Grenville in Iondon
to retain Dawes as the engineer of the colony. The Governor demanded an
apology, which Dawes refused to give and was sent home with his
instruments. His activities lapsed until the appointment of Governor
Brisbane in 1821.

Dawes later became a leader in the abolitionist movement (i.e.
abolition of slavery) and eventually died in Antigua (West Indies) while
engaged in anti-slavery activities, including the establishment of schools
for the children of slaves. His son became an astronomer, his daughter an
abolitionist.

Dawes is said to have been a scholar, a man of letters, a student of
language and anthropology, of astronomy, botany, surveying and engineering.
He was a teacher and a philanthropist. None of the commentators, so far as
I am aware, called him a meteorologist, but it is evident that he regarded
meteorology as one of his interests. He set up an observatory 500 metres
from the site of the present Sydney Observatory, building it with the aid
of several marines and convicts. It consisted of two rooms, a living space
16 x 12 feet and an octagonal one 9 feet across for the telescope. It is
said to have become the centre of early Sydney's intellectual life. After
Dawes' departure, the observatory was used as a sentry box before it fell
into disuse.

During his stay at Sydney Cove, Dawes took 'daily (often five or six
times per day) weather observations of wind, temperature, pressure and rain
accompanied by general remarks about the weather'. These observations were
made continually from 14 September 1788 until 6 December 1791, and are
being published under the title A meteorological jourmal kept at Port
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Jackson, N.S.W. by William Dawes, Lieutenant of Marines, by R.J.
McAfee.

We shall briefly look at the next member of the cast, Sir Thomas
Brisbane, Governor of New South Wales from 1822 to 1825. He was known as a
scholar and promoted intellectual pursuits. He founded the Philosophical
Society of Australasia, and set up observatories at his house in
Parramatta, in Hobart and at Macquarie Harbour. Probably as a result of
his interest, Major Goulburn instituted meteorological observations from
May 1821 to April 1822, three per day, somewhere in Sydney. The Governor's
observations at Parramatta cover the period May 1822 to April 1823, while
those at Hobart cover the calendar year 1822 at three-hourly intervals.
Macquarie Harbour weather observations extend only from April 1822 to
December 1822,

A colourful figure in early Australian life was Rev. W.B. Clarke,
whose chief secular interest was geology. He entered into controversy with
Melbourne's Professor Sir William McCoy concerning the stratigraphy of
rocks in New South Wales and was, after a great many years, proved to be
correct. His contributions to meteorology were considerable, for he saw
the need for coordinated weather records, and arranged for observations to
be made in his country parishes. He published many articles on meteorology
in the Sydney Morming Herald in 1842, asking for reports from witnesses
of storms as a matter of 'great scientific interest'. Clarke seems to have
been preoccupied with vortices, as illustrated by his report on a tornado
dated 21 December 1841: 'The storm was a gyratory and most extensive one,
made up of an infinity of small oscillating gyrations, all obeying the law
by which the storm itself progressed, but acting in given areas with forces
and phenomena altogether independent of, though involved in and produced
by, the great gyratory process by which the hurricane was marked'.
Leichhardt the explorer perhaps deserves credit for debunking some of
Clarke's more improbable meteorological ideas.

The man who last century left an important mark on the meteorological
scene was Henry C. Russell, Government Astronomer of New South Wales from
1870 to 1905. He was educated at Sydney University, which marks him off
from the other members of the cast. He set up many new observing stations
(there were 1600 rain stations in NSW by 1898), be designed new recording
instruments, and he initiated the publication of daily weather maps in
the Sydney Morning Herald in 1879. He wrote about 60 meteorological papers
and an equal number of astronomical ones. The former included one on the
moving anticyclones of the southern hemisphere, ready by Secretary Symons
(1892) before the Royal Meteorological Society in London. He also wrote a
well-documented account of the Gwydir tornado of 1883.

Russell had the reputation of being a stern disciplinarian, and would
brook no slackness from his widely~scattered observers. To one in the west
of NSW he wrote, 'Did you receive a copy of the instructions? 1If so, did
you read them? If not, why not? BAre you aware of who imposed the
observations on you? Your return for January is almost worthless ...'.

Perhaps Russell's crowning distinction was to be elected the founding
president of ANZAAS in 1888.

The most colourful personality on the nineteenth century
meteorological scene must surely be Clement L. Wragge, who was the first
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Government Meteorologist to be appointed in Australia, in Queensland in
1887. The others carried the title 'astronomer'.

Wragge was the only child (born 1852) of a solicitor and his wife, who
both died in his infancy. Educated for the law, he also studied navigation
and medicine but ‘'cut the painter' and came to Australia to 'hump his swag'
through Queensland and New South Wales. From there his adventurous spirit
led him to San Francisco and Salt lake City, where Mormonism is said to
have attracted him. Returning to Australia, in 1876, he worked in the
South Australian Surveyor General's Department on surveys of the Flinders
Ranges and River Murray. We next find him being offered a job in Scotland
by the Scottish Meteorological Society to take simultaneous observations of
the base and top of Ben Nevis 1340 metres high. This he did daily from
June to October 1881 with the assistance of his wife, thereby winning the
Society's gold medal.

Inheriting a fortune, he settled in Adelaide in 1884, where he made
observations at the top of Mt Lofty, as he was later to do for Mt Kosciusko
and Mt Wellington (Tasmania). He is said to have 'founded the Royal
Meteorological Society of Rustralasia', which probably means he became a
Fellow of the Royal Meteorological Society, if one makes allowances for his
larger-than-life image.

As Government Meteorologist in Queensland from 1887 to 1903, he
established new observing stations (398 rain stations), and published daily
weather reports and synoptic charts. He antagonised other meteorological
workers in the colonies by calling his office the 'Central Weather Bureau
of Australasia' which he justified by pointing out that his rivals had
duties other than meteorological, for example, astronomy, and posts and
telegraphs.

His time appears to have been taken up largely in lecturing, while the
work of the office was carried out by his very able assistant, Mr Anderson.
His lectures were a popular collection of humourous ancedotes, science and
sea shanties. He first used Greek letters to identify tropical cyclones,
then switched to girls' names, evocative of dusky romantic maidens of the
South Seas, then to politician's names for special cases. Of one such he
declared it 'didn't know what to do next', of another it was 'whooping
around making a nuisance of itself as usual'.

Wragge published Wragge's Weather Guide and Almanac in 1898, an
astonishing assortment of information on a wide variety of subjects. For
example, if lost and starving in the bush, one was advised that 'boiling
the bones of dead animals or men will afford means of sustaining life'.

Wragge also investigated the temperature of female Aborigines in the
Gulf of Carpentaria, an exercise for which his critics declared him to be
eminently suited.

Eccentric, articulate, unselfconscious, careless of dress and fashion,
Wragge was equally at home at Government House functions, on the forecastle
of ships or in wayside taverns, conspicuous by his animated speech, red
hair and red beard.

Wragge must have had the usual quota of forecast disasters but none
could have been more damaging (or undeserved) than that of the Bathurst
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Bay cyclone, 'Mahina'. This cyclone, on 4 and 5 May 1899 was probably the
worst in Australia's history. It is reported to have ‘'killed 307 persons
plus an unknown number of Aborigines', some of whom showed great heroism in
their rescue attempts. It wiped out almost the entire pearling fleet of
over 100 ships. Wragge was unaware of the storm, and on 6 March advised
shipping to be on the alert for cyclone Mahina, in the general area of
Cooktown. He went on to explain the origin of the name in romantic, far-
off Tahiti, and to expatiate on its merits as a girl's name for Australia's
mothers to bear in mind.

Perhaps the incident for which Wragge (known by his opponents as 'Wet-
Wragge' or 'Inclement Wragge') is best known, is that of the Steiger
cannon. This was invented by an Austrian, Albert Steiger, for the purpose
of controlling hail damage in Europe. It consisted of a conical funnel 15
feet long, fired by half a pound of gun powder. When fired it produced a
loud noise and a smoke ring and was claimed to change damaging hail into
gentle rain. The disastrous drought of 1902 led Wragge to persuade the
Queensland Government to try the Steiger gun in an effort to produce rain.
Six guns were manufactured in Brisbane and transported to Charleville,
where they were set up in two rows, three quarters of a mile apart. On 26
September 1902 heavy clouds gathered. 1In the presence of an excited crowd,
at precisely midday the order of 'fire' was given. A few drops of rain
fell. At 2 pm a light shower occurred, just enough to convince the experts
to try again. Ilater that day, another trial was held, with increased
charges of gunpowder. This time, two of the guns burst but no rain fell.
Wragge returned home in dejection, to face a torrent of criticism.

Using as his reason the starving of funds of the Queensland Bureau by
the Government, in the twilight period between Federation and the setting
up of the Commonwealth Meteorological Bureau, Wragge resigned his post in
July 1903. Nevertheless, he entertained the hope that he might be
appointed Commonwealth Meteorologist when the post was finally advertised
in 1907. A cartoon in the Brisbane Evening Observer of 22 August 1906
shows Wragge, with his Steiger vortex gqun, his press clippings and watering
can, waiting hopefully at the door of the 'Federal Meteorological Bureau'.

The position was finally awarded to Mr H.A. Hunt, who had recently won
a prize for an essay on the 'southerly-buster'.

Wragge had maintained early in his career that there was no hope of
forecasting seasons or months ahead. Iater he read of the Bruckner 35-year
cycle found in Europe and became interested in long-range weather
forecasting by statistical methods. He thus set his assistant Ingio Jones,
on the path which the latter followed for the rest of his life, issuing
forecasts from his home in Croamhurst. Wragge set up a long range
forecasting service in New Zealand about 1910, where he resided until his
death in 1922.

We have not come to the first Commonwealth Meteorologist who took up
his duties at the beginning of 1908. Most of the advances in Australian
meteorology have been made since that date, indeed in the last 40 years,
but on these years I shall not comment, despite temptation to do so from
personal experience. Instead I shall make some remarks on the history of
our Society.






