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ABSTRACT

This paper presents the case for improved interdisciplinarity in climate research in the context of assessing

and discussing the caution required when utilizing some types of historical climate data. This is done by a case

study examining the reliability of the instruments used for collecting weather data in Australia between 1788

and 1840, as well as the observers themselves, during the British settlement of New South Wales. This period is

challenging because the instruments were not uniformly calibrated and were created, repaired, and used by

a wide variety of people with skills that frequently remain undocumented. Continuing significant efforts to

rescue such early instrumental records of climate are likely to be enhanced by more open, interdisciplinary

research that encourages discussion of an apparent dichotomy of view about the quantitative value of early

single-instrument data between historians of physics (including museum curators) and climate researchers.

1. Interdisciplinary climate

a. Overview

The study of climate is frequently claimed to be ‘‘in-

terdisciplinary’’ (Schmidt and Moyer 2008): a characteris-

tic seen as recent and not always advantageous (Averyt

2010). The exhortations to climate researchers to embrace

the ever-broadening knowledge pool can be strident, with

perceived failure to do so blamed for many ills including

poor communication of science to the public (Pidgeon and

Fischhoff 2011) and even stalled progress in climate un-

derstanding itself (Hamilton 2010). In climate research,

‘‘interdisciplinary ventures have led to both rapid growth

in insight and near-catastrophic blunders’’ (McGuffie and

Henderson-Sellers 2005, p. 66) while its traditional un-

derpinning disciplines are said to carry ‘‘a hubris that they

seemingly cannot shake off’’ (Hulme 2011, p. 178).

This research concerns the use of instrumental weather

records from the late eighteenth and very early nine-

teenth centuries. Specifically, we examine the case of

climatically relevant measurements made by the British

in Australia from 1788 to 1840. Despite many excellent

efforts to rescue and analyze weather recordings of this

vintage, the opinion of some museum curators and his-

torians of environmental physics is that quantitative study

of the meteorological measurements from this period is

of questionable value. This is because the instruments

were inadequately calibrated and, despite being built by

craftsmen, were frequently repaired and used by a wide

variety of people with unknown skills. In contrast to these

views, recently rescued late eighteenth-century instru-

mental records of weather are being concatenated with

modern climatic records, albeit after careful comparisons

and evaluation (Frauenfeld et al. 2011). Our goal is to

explore these conflicting perceptions of early instrument-

derived weather measurements as quantitative climate

records, as an exemplar of the need for increased open-

ness in climate research. The case of Australia is chosen

because the British settlement was of convicts, their

guards, and administrators, so that although there was

a clear need to understand climate for effective agricul-

ture and to nurture water supplies, the invading force had

little or no meteorological training (Phillip 1789).

b. Climate reconstruction

Historical records of temperature are a constant

source of discussion in climate science (e.g., Nicholls

1988; Jones and Henderson-Sellers 1992; Jones et al.

2001; Wheeler et al. 2010; Brázdil et al. 2010). Although
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it is not until the mid-1800s that a consistent global ob-

servational record becomes established, there are many

observations of temperature over the century preceding

this that allow, or at least appear to allow, a longer record

in a number of important locations. Many of these records

have been examined in detail (e.g., Vinther et al. 2006;

Gergis et al. 2009). However, temperature records in

these early periods have significant problems (e.g., Box

2002; Garcia-Herrera et al. 2005a). They represent in-

formation gathered in a totally different social and tech-

nical environment, at a time when the quantification of

the concepts of heat and cold was a novelty (e.g., Roebuck

1775) and when the scientific understanding of tempera-

ture aspects of the weather was limited (cf. Golinski

2007). They are from an era when instruments were

handcrafted and therefore individual and when charac-

teristics we take for granted today (such as the fixed

points of the temperature scale) were not only in dispute

but were very difficult to define (McConnell 2005). Most

importantly, the background and education of observers

and interpreters of the observations differed significantly.

While other British colonies generally benefitted from

well-educated (wealthy) invaders, this was not true in the

early period of British settlement of New South Wales.

Reconstructions of a quantitative record of climate

are admirable, having a heritage extending over the re-

construction of the central England temperature series

by Manley (1953, 1974) through Hubert Lamb’s work

(e.g., Lamb 1995) to the present day [e.g., Atmospheric

Circulation Reconstructions over the Earth (ACRE;

Allan et al. 2011), IMPROVE project (Camuffo and

Jones 2002), and the Millennium European Climate

Project (Wheeler et al. 2009)]. However, there is often

no explicit statement about instrument error and un-

certainty. This is because uncertainty is frequently un-

documented and, due to instrument loss or degradation,

today unknowable. The overall spectrum of quality and

homogeneity issues that affect any historical time series

are assumed to be included in total uncertainty state-

ments or taken as averaged out in composites. Improved

estimates of the effect of instrument error and inho-

mogeneity issues are still actively being sought (e.g.,

Brunet et al. 2010), and time series are periodically

reevaluated and updated in the light of new information

(e.g., Parker and Horton 2005).

Our study serves to underline this uncertainty. Our

evaluation involved curators from the United Kingdom’s

Science Museum, current and past, as well as experts

in meteorological history in Australia and the United

Kingdom. During an investigation of instruments equiv-

alent to those transported to Australia in the period 1788–

1840, some museum (instrument) curators made the

following comments:

d ‘‘The dates for invention of the thermometer, barom-

eter, etc. do not mean that they were accurate

then—by no means.’’
d ‘‘The crudity of (instrument) manufacture at that

time—when craftsmen had difficulty making an

even-bore tube—presented real problems.’’
d ‘‘Shipping barometers and thermometers to Australia

meant carrying them through the tropics and that is

where many broke as the mercury expanded and

shattered the glass.’’
d ‘‘If the glass and mercury was transported separately,

and assembled on arrival, with no reliable standard

barometer to compare with, this was not always the

answer.’’
d ‘‘The problem with barometers carted round the

world is that they could get broken and then have

the glass tube restored—sometimes in London at the

original maker, but possibly in a distant port by some

less skilful person.’’
d ‘‘Against what standard have they [the instruments]

been adjusted?’’
d ‘‘The whole idea of assessing the reliability and

comparability of measurements was hardly con-

fronted in 1800.’’

Such (curators’) perceptions of the instruments and ob-

servations from the late eighteenth century are not orig-

inal. The Societas Meteorologica Palatina was founded in

Mannheim in 1780, for example, specifically to compare

meteorological observations across Europe. Its activity

was immediately curtailed by the extant problem of the

total lack of standardization of instruments (e.g., Cappel

1980; Cassidy 1985).

2. Historical view of early Australian
meteorological instruments

a. Uncertainty in meteorological measurements
around 1780

Modern temperature measurements use resistance and

other characteristics but, in the eighteenth century, the

property typically used in thermometers was the change

of volume of some thermometric substance in response to

a change in the warmth or cold (Middleton, 1966).

Thermometers in the 1760s–1780s were calibrated by two

fixed reference points to define a linear relationship be-

tween the thermometric property and (what we know as)

temperature (e.g., Chang 2004). Considering a simple

liquid-in-glass thermometer, uncertainties can arise from

uncertainties in the chemical composition of the medium

(e.g., the presence of water in an alcohol thermometer

may introduce some nonlinear behavior); from a de-

pendence of the coefficient of thermal expansion on
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temperature; from physical imperfections in the manu-

facture of the capillary; from temperature differences

between the thermometer bulb and column; and from

errors made in the calibration of the thermometer (e.g.,

Home and Livingston 1994). Although the users of early

thermometers made much of the first three factors, the

dominant factor in the accuracy of a thermometer at this

time (when seen in retrospect) was the calibration of the

device (e.g., Cotte 1788; Glaisher 1849, 1850).

For example, in 1772, in a dedicated attempt to tie

down calibration points, Jean-André De Luc conducted

extensive experiments into the nature of boiling (De

Luc 1772). He succeeded in creating a sample of pure

water from which all the air had been removed (a pro-

cess that included carrying a flask of water around for

four weeks while agitating it). By that time, the freezing

point of water (or at least the temperature of an ice–

water mixture) was a well-accepted fixed point but many

uncertainties remained at the ‘‘top’’ of the thermometric

scale. De Luc found that his ‘‘pure’’ sample boiled at

a temperature indicated by his thermometer as 1128C.

Issues with barometers around this time included the

problem that ‘‘ordinary’’ barometers do not work on

board a moving ship. The first reliable marine barometer

seems to have been made by Nairne for James Cook’s

second expedition. Thus, marine barometers, operating

always at sea level, have short scales showing only 29 to

31 inches of mercury. At the other extreme, ‘‘mountain

barometers’’ were constructed with capacious cisterns

and extended scales, reading down to 25 inches or lower

in the Alps. Worse even than ‘‘ordinary’’ barometers

were some of those in domestic use, say for example the

‘‘banjo’’ barometers with a mechanism rather than a

simple tube of mercury, making them much less accu-

rate (Middleton 1964). Finally, for measurement of at-

mospheric pressure there were also sympiesometers that

were fragile and not very reliable. Oil-based and more

sensitive to pressure changes than mercurial barometers,

their value at sea lay in a faster response than a mercury

marine barometer to a sudden fall of pressure, indicating

the approach of a hurricane. Sympiesometers (the most

common make was the Adie) only become widespread

between the 1820s and mid-1850s, having been first used

in 1818 on board the Isabella in one of the early Arctic

voyages (McConnell 2005).

b. Quantifying the Australian climate

The time of the British establishment of its penal colony

in New South Wales (Australia) coincided with a period of

intense effort and rapid scientific advances in atmospheric

physics. Not only were thermometers and temperature

scales being invented but pressure measurement was un-

der intense scrutiny not so much for its own sake as for the

potential it offered to measure the heights of mountains

and the depths of mines [e.g., Recherches sur les Modifi-

cations de L’Atmosphere (1772) by Jean André De Luc].

The Royal Society appointed a committee to address the

issue of calibrating thermometer scales and the result was

a widely distributed report in 1777 that recommended

specific calibration procedures with two fixed points de-

fined by a freshwater–ice bath (328F) and a contained

boiling water–steam vessel (2128F) at a barometric pres-

sure of 29.8 inches (Cavendish et al. 1777).

Australia’s first official Meteorological Observatories

were established in 1840 by order of the Colonial Sec-

retary’s Office (Table 1). Observations began in April

1840 at South Head, Sydney, Port Macquarie, and Port

Phillip (Melbourne) (e.g., Loewe 1965). In Sydney, the

observer was kept on until 1855. There seems to be little

reason to suppose that meteorological instruments

‘‘exported’’ to Australia during colonization were less

sound than those used elsewhere in the British Empire.

3. The first 50 years of European observation
of Australia’s climate

a. Contextualizing Australia’s instrumented
climate from 1788

During the period considered here, from William

Dawes’ arrival in January 1788 until the establishment of

TABLE 1. Meteorological observations in and around the New South Wales coast between 1788 and 1840.

Dates Observers Location

1787–92 Lieutenant William Bradley Onboard the Sirius (Sydney, Norfolk Island)

1787–93 John Easty First Fleet diarist

From 1788 Many diarists e.g., Goulburn from the 1820s

1788 onward Matthew Flinders and P. P. King and others Navigator and exploring Australian coastal seas

14 Sep 1788–6 Dec 1791 Lieutenant William Dawes Dawes Point, Sydney

1792–1810 Unknown Probably Government House, Sydney

From Dec 1821 (officially May 1822)

beyond Brisbane’s departure

in Dec 1825)

Governor Brisbane’s staff (Charles Rumker

and James Dunlop)

Old Government House Observatory, Rose Hill

(Parramatta)

April 1840 onward Official weather observers South Head, Sydney
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Australia’s first official meteorological observatory at

South Head in April 1840, the climate of Sydney and

coastal New South Wales was noted, diarized, and,

quite literally, written home about (e.g., Laurie 1988;

see also our Table 1). Our research explores not the

climate per se—which is well reviewed in, for example,

Nicholls (1988) and Gergis et al. (2010b)—but rather

the quantitative value of instrumental weather mea-

surements made in this period. That this was a concern

back in Britain is indisputable (e.g., Six 1794). Here we

question the degree to which those invading Australia

were capable of integrating meteorological and

hydrological observations made in New South Wales

between 1788 and 1840 into a view congruent with our

modern understanding of the climate of Australia

(Nicholls 1998; Golinski 2007). The analysis is solely

European because the British settlers unwisely ignored

indigenous knowledge of the climate, including very

detailed interpretations by Aboriginal people (Green

et al. 2010; cf. Turner and Clifton 2009).

There was no lack of interest in climate in early

British Australia. The colony’s food and water short-

ages frequently prompted rationing and appeals to

other parts of the Empire for supplies: the First Fleet

Captain, Governor Arthur Phillip, sent to South Africa

for more provisions in May 1789 and Governor Mac-

quarie ordered 250 tons of wheat from Bengal ‘‘to avert

a famine’’ in December 1814. Early settlers searched river

estuaries north and west of Sydney Cove to locate good

land to farm but anecdotal evidence suggests that metic-

ulous weather observations were not used (e.g., McAfee

1981). The Parramatta River was explored by Arthur

Phillip, who established an early farm at what was called

the ‘‘Crescent at Rose Hill’’ in November 1788 (Phillip

1789). Historical records underline the urgent need to

understand, and thus project, climate in Australia, not

least to satisfy the demands by governors of the colony,

who needed to make politically embarrassing (even career-

limiting) requests for supplementary food if adequate

supplies could not be grown locally (Goulburn 1825).

The new colonists in New South Wales faced very many

challenges in everyday life including inadequate food,

intermittent water (floods alternating with droughts), and

deadly insects and snakes. Their weather observations

were also challenged in ways not considered by modern

meteorologists; for example, they were unsure of the

exact longitude of their location (Bradley 1969). They

also faced the same technical and intellectual challenges

as other natural scientists of this period: poor (or poorly

calibrated) instruments, incomplete understanding of the

physics underlying the observable facts, and incomplete

conceptual frameworks into which they could place their

observations (De Luc 1772; Wright 1785). The tools and

techniques available to the British First1 (1788) through

Third (1791) Fleet sailors and marines and subsequent

colonizers and natural scientists (Kington 1997) derived

from eighteenth-century European knowledge, their ed-

ucation, and (for some) their instructions or job specifi-

cation. We consider the connections among science,

technology, and society (because climate is much more

than a background for invasion and migration; Black et al.

2011) in the particular context of the early developmental

pressures on the colony of New South Wales, Australia,

whose governors were perplexed by massive floods and

by frequent and devastating droughts (Russell 1887;

Grove 2005).

b. Locating themselves: The British in Australia

The British colonies in ‘‘New Holland’’ commenced

a ‘‘land grab’’ and some (notably in Sydney and Tasmania)

were established to create offshore (from the United

Kingdom) prisons. These colonies, unlike those of the East

Indies or Americas, were not (at least at first) of particular

interest to wealthy or educated settlers. Nonetheless, sci-

entific observations were undertaken (for example to es-

tablish location, especially longitude, and distances within

the colony as it was explored and mapped) and in-

terpretation was demanded about weather and climate as

well as many other natural features (e.g., King 1825).

Dawes’ meteorological and astronomical observing

position was not at what is now called Observatory Hill

in central Sydney but at Dawes Point on the northern

shore of the settlement where the southern pillar of the

Harbour Bridge is located (Fig. 1). The location of

Dawes’ observations is said to be ‘‘unknown’’ by Gergis

et al. (2009), who correct the pressure measurements for

an elevation of 40.2 m (Bureau of Meteorology station

066062). All accounts, except that of Dawes, give the

latitude as 338529300S—around 2.2 km south of the ac-

tual location. There is also discrepancy in the recorded

longitude, as shown below:

d Lieutenant William Bradley calculated the longitude

of the observatory site using 176 lunar-distance mea-

surements as 1518209E (Bradley 1969).
d The description from the journal of Arthur Phillip

(Phillip 1789) gives coordinates of the observatory

almost at Lord Howe Island: ‘‘On the point of land that

forms the west side of the Cove, and on an elevated spot,

a small observatory has been raised under the direction

of Lieutenant Dawes, who was charged by the Board of

Longitude with the care of observing the expected

1 The First Fleet is the 11 ships led by Captain Arthur Phillip,

which arrived in NSW in January 1788; the Second Fleet (6 ships)

arrived in June 1790 and the Third Fleet (11 ships) in early 1791.
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comet. The longitude of this observatory is ascertained

to be 1598199300 east from Greenwich.’’ Assuming

a transcription error, this is most likely 1518199300E.
d Colonel Collins in ‘‘An Account of the English Colony

in New South Wales’’ (entry for February 1788) says:

‘‘Among the buildings that were undertaken shortly

after our arrival must be mentioned an Observatory,

which was marked out on the western point of the cove,

to receive the astronomical instruments which had been

sent out by the Board of Longitude, for the purpose of

observing the comet . . . longitude, from Greenwich,

1518199300E’’. (Collins 1798, Vol. I, p. 15)
d William Dawes wrote to Maskelyne in a postscript to

a letter dated 17 November 1788, ‘‘I have assumed the

Longitude of the Observatory at 10 h. 059240E.2 The

Latitude I found roughly by the astronomical quad-

rant mounted on the stump of a tree saw’d off, in the

open air to be 338529200; but by the zenith distances

accompanying this I take it to be about 338519180.

(Dawes 1788–91).

The most popular position (338529300S, 1518199300E) is

approximately 3.8 km off the coast of New South Wales

(NSW) due east of Rodney Reserve, Dover Heights,

NSW, and more than 11 km away from Dawes Point,

Sydney. These errors are commensurate with those of

the coincident French expeditionary force that landed

at La Perouse. Their astronomer Dagelet’s calculated

longitude, which was probably as accurate as the tools

and the period permitted, places his tent observatory

about 18 kilometers to the east of its actual location

(Morrison and Barko 2009).

The links between astronomy and meteorology in

British New South Wales began with William Bradley

and William Dawes (Table 1) and continued to en-

compass the very important topic of longitude and lo-

cation for many years (e.g., Wolfendale 1997). Efforts

were comparable with other parts of the British Empire;

see, for example, ‘‘A meteorological diary kept at Fort

St. George in the East Indies . . . observed at three fixed

times daily with a Nairne thermometer and Ramsden

barometer’’ (Frängsmyr et al. 1990; see also Roxburgh

and Pringle 1778).

c. Understanding the physics of the atmosphere
and climate (1780–1840)

Lt. William Dawes and observers who followed him to

Australia after 1788 could, in principle, have carried

a ‘‘full set’’ of meteorological instruments since these all

existed by the time of the First Fleet’s invasion (Table 2).

Galileo created a thermoscope in the 1500s; Torricelli

invented the barometer in 1644; Blaise Pascal demon-

strated that atmospheric pressure decreased with height

in 1648 and Robert Hooke invented the (plate) ane-

mometer in 1667. Charles Le Roy recognized dewpoint

temperature as the point of saturation of air in 1751 and

Horace de Saussure created the ‘‘last’’ basic meteorology

instrument, the hair hygrometer for measuring humidity,

in 1780.

Some conceptual components of atmospheric physics

necessary for climate comprehension also existed, such

as the fundamental gas law of Robert Boyle (from 1662)

and the first essentially correct explanation of global

circulation, which followed from George Hadley’s study

of the trade winds in 1735 (Hadley 1735). However,

Gaspard de Coriolis’ recognition that the rotation of the

Earth causes a force in the atmosphere would not occur

until 1835 and (atmospheric) thermodynamics was in its

infancy. Most particularly, Joseph Black’s concepts of

latent heat and specific heat had only been described in

1761 and critically important theories and inventions

were yet to eventuate (Table 2).

While the need for fixed points of temperature was well

known, achieving these reliably was technically difficult

and scientifically disputed (De Luc 1772), rendering the

calibration of the scale of temperature uncertain late in

the eighteenth century (Chang 2004), despite the Royal

Society findings described by Cavendish et al. (1777).

Inventors created new thermometers (McConnell 1992)

and industrialists and researchers investigated extreme

phenomena such as the firing temperatures of pottery

FIG. 1. Sydney Harbour Bridge looking north through the dome

slit of the present-day observatory. The location of Dawes Point

(the first observing post in European Sydney) is under the base of

the nearest pillar of the bridge. [Photo courtesy of Kendal

McGuffie.]

2 This longitude was recorded in ‘‘hours’’ east of Greenwich, the

figure converting to 1518219E.
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(Wedgwood 1784) and the freezing point of mercury

(Hutchins 1783).

Ship logbooks are just now becoming valued as a cli-

matological resource (e.g., Garcia-Herrera et al. 2005b).

The logs and journals of the voyages of Cook and

Dampier, and the Dutch and other navigators before

them, all contained meteorological observations. How-

ever, as Garcia-Herrera et al. (2005a) explain, these were

not designed to be weather records: ‘‘pre- and post-1854

instrumental data are not easily combined, as in the early

period; for example, only rarely a thermometer was

attached to the barometer, and height corrections to

pressure were probably not applied.’’ (Garcia-Herrera

et al. 2005a, p. 5).

Wheeler et al. (2010) confine their analysis to the

English Channel and its western approaches where

‘‘the abundance of logbooks for this period allows for

the abstraction of a daily series of wind force and di-

rection data’’ (Wheeler et al. 2010, p. 257). Synoptic

weather observations lacked a single agreed nomencla-

ture for many basic features: Luke Howard (1803) pro-

posed the accepted cloud classification just two years

before Francis Beaufort’s (1805) official codification of

wind speeds, although the British Royal Navy had em-

ployed this wind force vocabulary informally for some

years (e.g., Wheeler and Wilkinson 2004). Finally, the

means of collecting temporally coincident observations

had, of course, to await the telegraph (mid-1850s).

d. Who observed and might have understood
Australia’s climate?

1) LIEUTENANT WILLIAM BRADLEY

Lieutenant William Bradley, who landed in Sydney

Harbour from the Sirius on 26 January 1788, is said [by

Laurie (1988), p. 475] to be ‘‘almost certainly the great-

nephew of James Bradley,’’ Astronomer Royal from

1742 to 1762. The pressure observations taken by

Bradley during the voyage of the First Fleet to Australia

between 1787 and 1788 do not agree with modern ob-

servations very well (e.g., Fig. 2) although Bradley’s

records from on board the Sirius while anchored in

Sydney Harbour are used by Gergis et al. (2010a).

2) LIEUTENANT WILLIAM DAWES

William Dawes, a Lieutenant of Marines, under in-

struction and patronage of the English Astronomer

Royal, Nevil Maskelyne,3 arrived in Australia 18 January

1788 on the Supply,4 a ship of the First Fleet. Dawes made

the first instrumented land-based meteorological and as-

tronomical observations in Australia5 (cf. Morrison and

Barko 2009). His journal (located by Robert McAfee in

1977) is archived in The Royal Society collection in

London. It reveals a meticulous observer recording wind

direction and speed, cloud cover, barometer reading and

temperature, rainfall, and dewfall taken, in most cases,

four times each day, from his observatory erected in 1788

at the place now known as Dawes Point. Dawes failed to

observe Halley’s comet, which was his main commission

from Nevil Maskelyne, but did write to him numerous

times giving details of his work.

Dawes set up the meteorological and astronomical

observing post at 338529300S, 1518199300E at the foot of

the Sydney Harbour Bridge (Table 3; Fig. 1). The two

thermometers were exposed ‘‘outside away from direct

sunlight and about three feet above a stone surface’’

(Kington 1997). According to Dawes’ drawings and let-

ters both rooms had canvas shutters, which were opened

to view the night sky (Dawes 1786–92). Dawes used

a barometer made by Burton supplied by the Board of

Longitude but he thought it was not properly operational.

TABLE 2. Meteorological and atmospheric physics breakthroughs around the time of the British settlement of Australia.

Date Theory or invention Originator

1761 Concepts of latent heat and specific heat Joseph Black

1780 Hair hygrometer for measuring humidity Horace de Saussure

1782 First balloon flight measuring temperature and pressure Jacques Charles

1801–03 Laws of pressures of vapors John Dalton

1804 Balloon ascent to study weather Joseph Louis Gay-Lussac

1805 Law of pressure variation with height Pierre Simon Laplace

1841 Convection theory of cyclone energy described James Pollard Espy

3 Dawes held a position (with attendant responsibilities) as

a lieutenant. He was also directed by Maskelyne to make astro-

nomical observations and supplied with instruments by the Board

of Longitude for this purpose (cf. Minutes of the Board of Longi-

tude, November 14, 1786). [Dawes frequently complains in letters

that his duties inhibit his observations; e.g., Laurie (1988).]
4 Arthur Phillip transferred from the Sirius to the Supply after

leaving Cape Town (taking Dawes with him) in order to arrive

more quickly in Australia. [In fact Supply arrived only 2 days be-

fore the Sirius.]
5 Dawes was appointed to make astronomical observations on

the voyage, but he was not paid to conduct astronomy (or meteo-

rology) on land or to erect an observatory. His duties were de-

scribed in the land detachment position he was given by Phillip,

which included exploration and surveying (Laurie 1988, 474, 481).
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Inspection of the location today suggests that his

observations were made no more than 20 m above sea

level and more likely around 15 m (Fig. 1). R. J. McAfee

(1981, personal communication) conjectures that the

barometers were most likely located inside with a ther-

mometer attached, as was the practice at that time. It is

assumed that the instruments were collocated in a well-

ventilated position inside the observatory—a canvas-

roofed, circular observation room. There was no fireplace

in the observatory (McAfee 1981) and Gergis et al.

(2009, p. 84) deduce that ‘‘from the daily range of temper-

atures, he [McAfee] suggests that there seems little reason

to suspect a very airtight or heated room exposed to direct

sunlight.’’

Dawes noted that the Burton barometer was imper-

fect (McAfee 1981) (with corrections from the original):

It was my intention to have it [the barometer] examined
on its return to England, as, owing to the maker [NB both
McAfee and Gergis et al. erroneously give this word as
‘‘marker’’] having depended upon glue to keep the cistern
tight where it had been crack’d, it had lost [NB both
McAfee and Gergis et al. erroneously give this word as
‘‘but’’] a small quantity of quicksilver, which I had dis-
covered by observing a number of very small globules
immediately under it on the floor of the observatory.

This faulty barometer was replaced by a Ramsden

model ‘‘supplied by ‘Mr Furzer’ in the colony’’ [a quar-

termaster on the Sirius]. Dawes’ Board of Longitude–

supplied thermometer (by Nairne and Blunt) was briefly

compared with one by Ramsden also lent to him by

Mr. Furzer (see Fig. 3) (Dawes 1788–91).

3) GOVERNOR THOMAS BRISBANE

Thomas Brisbane, when told of his appointment to

Governor of NSW, collected a library of astronomical

books and instruments and engaged Mr. Charles Rumker

and Mr. James Dunlop. The three men arrived in the

colony in November 1821, chose a site for the (Astro-

nomical) Observatory close to Government House, Par-

ramatta, and began its construction. It was officially

opened in April 1822 (Bhathal 2011). Meteorological

observations were recorded from May 1822 (Field 1825)

to March 1824 and probably much longer. [There is

evidence6 of observations at Rose Hill continuing until

August 1847 (Dunlop 1847)].

4) DIARISTS AND EXPLORERS

Other First, Second, and Third Fleet occasional

observers/recorders of the weather included Ralph Clark

(1787–92) and Richard Atkins (1792–1810), but note that

R. J. McAfee (1981, personal communication) com-

ments that ‘‘many of the superlatives in writings’’ were

as a result of the difference between English and Austra-

lian weather rather than denoting extremes in themselves.

Weather observations were made (presumably by British

agents) and published in the Sydney Gazette (Fig. 4) by the

beginning of the nineteenth century (e.g., Watson 1914).

Despite the absence of definitive quantitative data,

within six months of arrival, Arthur Phillip wrote in his

journal in 1788:

The climate at Sydney Cove is considered, on the whole, as
equal to the finest in Europe. The rains are not ever of long
duration, and there are seldom any fogs: the soil, though in

general light, and rather sandy in this part, is full as good as
usually is found so near the sea-coast. All the plants and
fruit trees brought from Brasil and the Cape, which were

not damaged in the passage, thrive exceedingly; and vege-
tables have now become plentiful, both the European sorts
and such as are peculiar to this country. In the Governor’s

garden are excellent cauliflowers, and melons very fine of
their kinds. The orange trees flourish, and the fig trees and
vines are improving still more rapidly. In a climate so fa-
vourable, the cultivation of the vine may doubtless be car-

ried to any degree of perfection; and should not other
articles of commerce divert the attention of the settlers from
this point, the wines of New South Wales may, perhaps,

hereafter be sought with avidity, and become an
indispensable part of the luxury of European tables. (Phillip
1789, ch. 13)

FIG. 2. Bradley’s pressure observations (square dots) taken on

board the Sirius during the First Fleet voyage. Bradley’s barometer

measurements (square dots) do not agree with the modern pres-

sure measurement along the same route (line superimposed) [Graph

sourced from OldWeather web in August 2010; see http://www.

oldweather.org/about.]

6 22 Apr 1831: ‘‘Let it be notified that the Secretary of State has

been pleased to appoint Mr. James Dunlop, Superintendent of the

Government Observatory at Parramatta, with a salary of £300.’’

(Signed) R. A. Darling at Government House.
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Various journeys of exploration both by land and by sea

included some meteorological measurements—for ex-

ample (only one of very many), Field (1825) includes the

full journal of Capt. M. J. Currie that describes ‘‘an ex-

cursion southward of Lake George in New South Wales’’

(Currie 1825) and in its appendix lists the temperature

measurements made on this trip. There were even

prayers offered for drought-breaking rains (e.g., in 1829).

Throughout this period, there were no professional mete-

orologists in the colony (cf. Loewe 1965). Even by 1840,

when ‘‘formal’’ meteorological observations were com-

manded by the Colonial Secretary’s Office, the Australian

observers were drawn from the ‘‘educated’’ convicts.

5) GOVERNMENT METEOROLOGICAL

OBSERVATORIES

Although it is uncertain which meteorological in-

struments Brisbane brought with him in 1821, we do

know what the Parramatta observatory instruments in-

cluded by 1847 (Table 3).

Australia’s first official Meteorological Observatories

were established in 1840 by order of the Colonial Sec-

retary’s Office dated 10 March 1840 that said:

‘‘Sir,—I am directed by His Excellency the Governor to
transmit to you the copy of a circular despatch, dated
29th November, 1838, from Lord Glenelg, relating to the
‘‘Collection of Facts respecting Storms,’’ and to acquaint
you that persons who have been under the instruction of
the Astronomer at Parramatta have been appointed to
register observations at 1s. 6d. per day each, in lieu of
clothes and rations.
I am further directed to inform you that these men are
convicts taken from the class of specials who not being
assignable are always maintained at the expense of the
Government, the charge above mentioned will properly
be defrayed out of convict funds.’’

Meteorological Observatories were accordingly estab-

lished in Sydney and Melbourne with observations

beginning in April 1840 (Loewe 1965, 1970; Watson

1914).

TABLE 3. Dawes’ and Brisbane’s observing situation and instruments.

Observer Dates Location Temperature Pressure Other

William

Dawes

14 Sep 1788–

6 Dec 1791

33852930’’ S,

1518199300E at

Dawes Point on

Sydney Harbour

Nairne & Blunt

thermometer

Burton barometer

(broken); a

borrowed Ramsden

barometer

Many astronomical

Thomas

Brisbane

Oct 1822– Mar 1824

and probably at

least into the

1830s

33848944.500S

150859949.490E at

Old Government

House, Parramatta

Thermometer(s)

of unknown

manufacture

Barometer by Banks

and two mountain

barometers, one by

Troughton

Eirometer, by Jones

Hygrometer, by Saussiere

(transcribed error for

Saussure); Many astronomical

FIG. 3. Extract from William Dawes’ journal mentioning the comparison he made between

his own Nairne and Blunt thermometer and one by Ramsden borrowed from Mr. Furzer.

Dawes installed a second thermometer (‘‘a very good one by Ramsden’s’’) on 3 July 1791, giving

rise to a ‘‘Remark’’ in his observational record on 11 July 1791,‘‘I observe when the ther-

mometers have been long at nearly the same height that they agree.’’ (Dawes 1788–91). [From

microfiche in McAfee (1981), original at the Royal Society of London.]
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4. The first 50 years of British Australians
understanding their climate

a. Climate comprehension and interdisciplinarity

Lack of interdisciplinarity (cf. Phelan et al. 2012) may

be in part responsible for the dichotomy of views of in-

strument-based weather records from the late eighteenth

century: climate scientists rescue and exploit such records

while museum curators dismiss single uncalibrated in-

strument records as quantitatively unusable. Although

climatic research is currently criticized for its failure to

embrace the breadth of the issues it impinges—see, e.g.,

Hulme’s (2011, p. 177) comment: ‘‘[in the] IPCC’s fourth

assessment report and the forthcoming fifth assessment

report, the analysis of anthropogenic climate change

continues to be dominated by positivist disciplines at the

expense of interpretative ones’’—only a few years ago,

climate science was lauded for its disciplinary catholicism:

‘‘the desire to make climate models more realistic led to

the involvement of many disciplines. . . no one discipline

can assume constancy in the variables prescribed by the

others’’ (McGuffie and Henderson-Sellers 2005, p. 66).

It is undoubtedly true that early British invaders

landing around Sydney Cove encountered conditions

dominated by large-scale ocean–atmosphere oscilla-

tions, especially the El Niño–Southern Oscillation

(ENSO), inducing droughts and floods together with

flooding following powerful ‘‘southerly busters,’’

remnant tropical cyclones, and other east coast lows.

Despite some high-quality observing, no modern in-

tegration of the Australian climate occurred until

William Stanley Jevons’ interpretation in 1858 (Jevons

FIG. 4. Extract from the Sydney Gazette of 2 April 1803 showing very early newspaper publication of

tabulated weather observations for March 1803. [Courtesy of the Mitchell Library, Sydney.]
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1859a,b,c; Nicholls 1998) of 16–18 years of detailed

meteorological observations from Sydney’s South

Head. More comprehensive narratives such as H. C.

Russell’s Climate of New South Wales (1887) required

a century building on another three decades beyond

Clarke and Jevons (see also Russell 1896).

b. Dangers of single instrument climate
reconstructions

The British colonizers of New South Wales made some

very good astronomical observations and after serious

initial difficulties managed to become successful in lon-

gitude determination and georeferenced mapping. These

geographical, navigational, and astronomical measure-

ments7 often prompted meteorological observations

although weather and climate seems rarely to have been

a scientific or observational priority (see our footnote 6;

Kington 1997). European climate understanding in all

the British colonies was predominantly by means of

individuals’ learning alone (e.g., Worgan 1788). There

is some literature concerning this later in the coloni-

zation (e.g., Russell 1888) but very little more than the

individuals’ own notes during the first 40–50 years of

settlement (Table 1).

In the European capital cities, reputed eighteenth-

century craftsmen had difficulty making an even-bore

tube. Despite the understanding of the need for fixed

points (e.g., Cavendish et al. 1777), the absence of an

agreed standard against which these instruments could

be calibrated presented a serious challenge. Transferring

glass tube–based instruments (barometers and thermom-

eters, e.g., Fig. 5) to Australia involved ship voyages, boat

transfers, and often journeys on horseback or on horse-

drawn carts. If transport breakage did not destroy these

instruments then shipping through temperature and pres-

sure extremes meant that many were broken as a result

of rapid mercurial expansion. Separate transportation

of glassware and mercury (or spirit) followed by as-

sembly on arrival meant that calibration was impossi-

ble. Repairing glass tubes either involved a return to

London and to the original maker, or possibly a fix by

some less skillful person en route or at the destinatio-

n—again without any chance of calibration. Exposure

(e.g., indoors or outdoors; sunlit or shaded) also pre-

sented a ‘‘final’’ placement problem. All the anticipated

(by museum curators) difficulties can be clearly seen in

the recorded history of the first 50 years of British ob-

servation of the weather in New South Wales.

1) INSTRUMENT BREAKAGES (E.G., DAWES

AND DUNLOP)

The operation of William Dawes’ Board of Longitude–

supplied Burton barometer was impaired by a crack in its

cistern that allowed some of the mercury (quicksilver) to

escape (McAfee 1981; Dawes 1788–91):

In packing it [barometer] up, however, I found a large
crack in the cistern, thro’ which perhaps all the quicksilver
would have escaped in the course of the passage [back to
England] and have endangered breaking the tube; I
therefore emptied it entirely and then packed it up.

James Dunlop describes damage arising from incorrect

exposure of glass instruments (Dunlop 1847):

in 1832 (Jan) . . . the spirit level of the transit circle, by
Jones, [was] burst by exposure to the sun a few months
after it was set up [around 1822], the tube being filled
with sulphuric ether, which boils at a very low tempera-
ture, far below the powerful influence of the solar rays.

2) INADEQUATE CALIBRATION (E.G., DAWES)

Most of the discussion of quantitative comparison of

William Dawes’ observations arises from pressure

measurement. However, his journal also mentions

a brief attempt at comparison he made between two

thermometers: the Board of Longitude instrument made

by Nairne and Blunt and a thermometer by Ramsden

borrowed from Mr. Furzer. Dawes wrote that he in-

stalled a second thermometer (‘‘a very good one by

Ramsden’s’’) on 3 July 1791 giving rise to a ‘‘Remark’’ in

his observational record on 11 July 1791 (Fig. 3):

I observe when the thermometers have been long at nearly
the same height that they agree. (Dawes 1788–91).

3) INADEQUATE EXPERIENCE (E.G., PHILLIP AND

DAWES)

Between them, Arthur Phillip, William Dawes, and

Philip Gidley King allowed the vitally important Ken-

dall K-1 timekeeper8 to run down during the period it

was on board Supply [between Cape Town and Sydney].

Lieutenant William Bradley, in his First Fleet journal,

noted on Friday 25 January 1788,

We received the Timekeeper from the Supply where it had
unfortunately been let down on the passage to this place.
(Bradley 1969).

7 Board of Longitude minutes 14 Nov 1786 state that ‘‘Mr William

Dawes Lieutenant of Marines . . . is desirous of making useful Nav-

igational and Astronomical observation in his passage thither’’

(Laurie 1988, p. 470) (see our Fig. 5).

8 Kendall’s marine chronometer [K1; ‘‘copy of Harrison’s prize-

winning watch which Cook had taken on his second and third

voyages’’ (Laurie 1988, p. 470)] supplied by Maskelyne to Arthur

Phillip.
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This serious error was confirmed by Dawes in a letter to

Nevil Maskelyne (10 July 1788):

. . .whenever there is any thing to be got out of the hold, it is
a very awkward rather dangerous thing to go from the
quarter deck to the cabbin [sic] it was owing to this that on

the 18th Decr. [1787] the time-keeper was let down, as

Captn. Phillip could not get down at noon to wind it up &

it was not thought of afterwards by anyone till near six
o’clock at which time it had been down above an hour. . . .
(Dawes 1788–91; Laurie 1988).

Dawes tried to reset this vital timepiece against an as-

tronomical clock during September 1788 and found that

FIG. 5. Details of instruments received by Arthur Phillip on behalf of William Dawes for

passage to Australia. [Courtesy Richard Dunn, Board of Longitude papers, p. 161.]
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it was losing 4.77 s per day over a 22-day period (Howse

1969). This was almost certainly the ‘‘Kendall’s watch’’

which William Bradley established had in 2 months been

losing at a rate of 5 s per day (Laurie 1988).

Dawes appears to have lacked experience with the

Ramsden barometer (Gergis et al. 2010b; McAfee 1981)

Dawes wrote in the back of his journal:

. . . Mr Furzer’s [barometer] . . . a very good one of
Ramsden construction and is furnished with a gage point,
tho’ from the one I had before used, not having any such
thing, and my then ignorance of the instrument, it was
never attended to, but the bottom of the bag was let down
as low as it would come and the observations made
without attending to the gage point at all.

4) SUMMARY: THE NEED FOR CAUTION

That eighteenth-century instruments posed serious

challenges to early settlers in Australia is generally rec-

ognized; for example, Gergis et al. (2009) note that

Dawes’ observations of surface pressure taken between

12 July 1791 and 6 December 1791 appear to be far too

low to be considered reliable. Similarly, surface pressure

observations made by Bradley during the voyage of the

First Fleet to Australia on board the Sirius between 1787

and 1788 do not mesh with modern observations (Fig. 2).

The difficulties faced by those attempting to understand

the Australian climate included lack of instrument and/ or

observational experience, poor/no/lost instrument cali-

bration, instrument breakage, and distance from the

original (or qualified) instrument makers and experienced

scientific interpreters. These challenges can be com-

pounded by (as we have shown here) transcription errors

from original documents, and failure to clearly identify

records from single instruments with unknown calibration

can creep into carefully reconstructed histories.

c. Conclusions

In this research we have been concerned with the likely

level of understanding of meteorological measurements

made between 1788 and 1840 and also, importantly, the

level of instrumental calibration and the scientific un-

derstanding of those making or receiving these observa-

tions. We examined the two sets of instruments (of

Bradley/Dawes and those at Old Government House)

that bracket the observational capabilities of the first

European settlers in New South Wales from 1788 until

formal and fully organized observation stations were

established in 1840. We do not suggest that uncertainties

related to late eighteenth-century thermometers have

been neglected. Our primary interest is in the quality of

observations made and the interpretation that may have

been drawn from them regarding the climate of Australia

from 1788 to the early nineteenth century. The in-

dividuality of available instruments and the prevalent

lack of calibration against absolutes or even differently

manufactured devices render quantitative measurements

ambiguous at best and probably not comparable with or

able to be concatenated to modern observations.

For early pressure and temperature observations, it

seems likely that there will be an irreducible uncertainty9

that cannot be known and that must therefore impose

a measure of caution in any subsequent interpretation

and particularly in any application of these data. Thus

despite the remarkable claim by Gergis et al. (2009) that

William Dawes’ data are commensurate with present-day

meteorological measurements, there is a strong case for

exercising caution when utilizing such historical climate

data. Successful interpretations of such reconstructions

will be enhanced by continuing interdisciplinary research

that encourages open discussion of an apparent di-

chotomy of view about the accuracy of the instrumental

data between historians of physics (including museum

curators) and climate researchers.
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