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An exhaustive search of documentation regarding observational practices, instru-
mentation, site relocations and exposure of instruments has been conducted for
Australian rainfall stations. The aim has been to identify high quality long-term
rainfall stations which could be used to monitor and assess climate changes. Stat-
istical tests were also employed in the selection process to determine the reliability
of observing practices and to check for inhomogeneities in the data. The data set is
the most reliable available for monitoring rainfall trends in Australia during the
twentieth century. These data will be utilised in further studies as references for
testing the reliability of records from neighbouring stations, and in the process of
modifying such records. They can confidently be used in climate studies requiring
data without spurious trends or inhomogeneities.

Introduction

Several studies have examined trends in the rain-
fall across Australia (Pittock 1975; Cornish 1977,
Russell 1981; Srikanthan and Stewart 1991). The
credibility of such studies rests on the reliability of
the historical rainfall data. It is therefore essential
that climate records should contain the fewest
possible errors and biases. We have selected a
long-term data set of Australian rainfall which can
be used with confidence in studies of climate
change as well as other climatological studies.
Meteorological records suffer from the fact that
no matter how meticulously taken, nonclimatic
influences can easily affect the readings (Mitchell
1953; Jones et al. 1986). There are several non-
climatic factors which may lead to inhomogen-
eities in rainfall records. They include:
(a) changes in observing practices;
(b) changes in exposure of the rain-gauge;
(c) changes in station location (both in altitude
and position); and
(d) changes in type of gauge used.
The second of these factors should also be ex-
tended beyond the idea of sheltering of instru-
ments to include any urbanisation effects which
could influence the record (Landsberg 1981). All
of the above factors were addressed in this
study.
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One approach to assess the homogeneity of pre-
cipitation data is to compare the records of neigh-
bouring stations. This is an appropriate method-
ology in places like Europe (Craddock 1979; Jones
1980; Alexandersson 1986) and parts of North
America (Karl and Williams 1987; Vincent 1990)
with their dense networks of stations. In Australia
it is only practicable in certain parts of the sou-
theast (Burrows 1982) and perhaps the southwest
corner of the continent. Vincent (1990) found that
there were areas of Canada where this methodo-
logy was ineffective due to the lack of ‘good™
neighbouring stations; similarly there is a large
sector of Australia where these techniques cannot
be applied. Because of this we have employed an-
alternative approach, that of identifying individ-
ual climatological stations which appear to be free
of inhomogeneities. The identification process in-
volved close scrutiny of all available station docu-
mentation and statistical tests applicable to indi-
vidual station data.

In densely populated areas it was found that if a
station was chosen using this process it was always
acceptable using neighbour comparisons, whereas
the opposite was not always the case. This is
because our procedure is more stringent in that a
station was rejected if there was any doubt regard-
ing the homogeneity of the record. When com-
parisons are available this doubt can be elimin-
ated leading to either accepting or rejecting a
station record. This has the effect of reducing the
available number of rainfall records in populated
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areas. Since the aim has been to construct a data
set to span the whole of Australia, additional
entries from well populated areas were not con-
sidered necessary.

Background

The Commonwealth Bureau of Meteorology for-
mally commenced in 1908 and station documen-
tation was subsequently sent to the Head Office in
Melbourne. Prior to this all information regarding
a station was held in regional centres. We chose to
look for our reliable long-term rainfall records
within the group of stations which have been con-
tinuously reporting since at least 1910, as station
documentation is more readily obtainable after
this date. Also, southern hemisphere tempera-
tures have been rising since at least 1900 (IPCC
1990). A data set starting in 1910 can therefore be
useful in assessing rainfall changes accompanying
large-scale atmospheric warming. Of approxi-
mately 6600 rainfall stations currently sending
reports to the Australian Bureau of Meteorology,
about 2100 had commenced reporting by 1910.

To begin the selection process the files of a
sample of these stations were examined. Details of
site exposure, movements of site and problems
with instruments or observers were noted. Opin-
ions from experienced observers were also sought
on how to identify good observing sites and
practices. From this preliminary work selection
criteria were devised.

Selection process

Observing practices

The most obvious problem encountered in any
investigation of historical data is the lack of infor-
mation upon which to decide whether to accept or
reject the data. Comparisons between neighbour-
ing .stations are of limited use in Australia, as
stated previously.. We did, however, devise a test
of the diligence of past observers, the rationale
being that if an observer was diligent then the re-
liability of his reports may be less open to ques-
tion. .

Unreliable observers frequently miss obser-
vations, in which case they may simply forget
about them, report them as a day of no rain or
guess the amount. They also tend not to report
small amounts (those less than 2-3 mm) and
round off readings. So there is a profusion of 5s
and Os in the record. They also have a habit of
placing the rain-gauge in a position of greatest
advantage to them regardless of the rules govern-
ing correct exposure. At a more fundamental level
we found that testing for observer skill was a proxy
test for the overall reliability of the record. Dili-
gent observers were more likely to maintain their
sites according to the rules of good exposure and
less likely to cease observations, which often re-
sulted in location shifts. Since in many cases

station documentation is largely limited to reports
written during the past 10 to 20 years, this ap-
proach was necessary for assessing stations for
their long-term reliability.

To determine the accuracy of observations at
particular stations we plotted frequency histo-
grams of daily readings. Readings taken prior to
metrication on | January 1974 were converted
back to imperial point measurement, one point
being equivalent to one hundredth of an inch.
Two histograms were then plotted for each sta-
tion. One showed readings, in points, taken prior
to 1974 while the other was in millimetres (post-
1974). Examples of the histograms are given in
Fig. 1. Tofacilitate comparison both the examples
are daily readings recorded in points from two
neighbouring stations in southeastern Australia.
Figure 1(a) illustrates what a frequency histogram
of daily rainfall should look like, while Fig. 1(b)
clearly shows that observers neglect small values
and tend to ‘round off” their readings to the near-
est °5’ or ‘0’. It can be shown that neglecting small
values can reduce annual rainfall totals by about
four to five per cent. This is an average figure and
the effect can be larger in areas of high incidence
of low daily readings.

Fig. 1 Frequency histograms of daily rainfall data (in
points) of two neighbouring rainfall stations.
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The effect on the rainfall record due to ‘round-
ing’ is more difficult to perceive. A preference by
the observer of ‘rounding up’ or ‘rounding down’
will clearly lead to an over or underestimate of the
true rainfall; usually, however, the obsesver dis-
plays no such preference. To examine the effect of
‘rounding’ we must consider the distribution of
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daily rainfall amounts over a long period of time,
as seen in Fig. 1(a). We can see from this that daily
amounts with a unit value of 1 or 2 occur more
frequently than daily amounts with a unit value of
8 or 9, that is | occurs more frequently than 9, 11
more frequently than 19, etc. Therefore ‘round-
ing’ tends to underestimate rainfall readings. The
deficit is of the order of one to two per cent. Con-
sidering that an observer who tends to ‘round off’
rainfall readings may also neglect small values, a
significant discontinuity in the climate record
could result simply from changes in observers.

To avoid subjective classifications of observer
skill based on these frequency histograms, we
sought an objective measure. Stidd (1953) showed
that the cube root of precipitation amounts is
often distributed normaily. Thus if the cube root
of rainfall is plotted on a linear ordinate and the
cumulative percentage frequency on a probability
abscissa the plot should be a straight line. Al-
though this theory does not hold for all regions of
the globe, nor for all seasons, when tested for nu-
merous sites around Australia it was found to
apply sufficiently well for our purpose. Figure 2
shows daily rainfall amounts from two stations
plotted in such a fashion. Figure 2(a) is the plot of
a station where diligent observers have accurately
recorded rainfall for many years. Figure 2(b) illus-
trates the differences when readings from less
diligent observers are plotted. The lower portion
of the line has a pronounced droop, indicating
that the observers tended to neglect small
amounts. The little ‘steps’ indicate that the ob-
servers had a habit of ‘rounding’.

Fig.2 Plots of the cube root of rainfall amounts (in mil-
limetres) versus cumulative percentage frequency
plotted on a normal probability scale. Solid line is
line of best fit.
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The correlation coefficient r, between rainfall
amount and cumulative percentage frequency,
can be calculated to measure how well the values
fit a straight line. Observer practices such as
rounding and neglecting small amounts reduce
the value of r. A threshold value of r was chosen
after calculating r for several stations where the
quality of observations was already well estab-
lished, and from examination of frequency histo-
grams of daily precipitation amounts and station
histories. Values for r were then calculated for all
stations. If a station passed this test (i.e. if r ex-
ceeded the threshold), it was retained for further
checks.

Exposure of rain-gauge

Having tested the diligence of the observers at a
particular station, the quality of the rain-gauge
site at that station was examined. This was done
primarily through reading all documentation
available for a particular station. To be con-
sidered for inclusion in the list of good stations the
record must be free of any suspected discontinuity
or non-climatic trend. Discontinuities show up in
a climate record as distinct steps usually due to
sudden changes in the environment of the site,
such as a significant change of location. A non-
climatic trend could be observed in the climate
record if a garden was established around the
gauge and sheltering increased year by year as the
trees and shrubs grew.

The guidelines for positioning a rain-gauge
state that a gauge should be placed so that no ob-
struction is within a distance twice its height away
from the gauge and the rim of the gauge should be
level and 30 cm (12”) above the ground. For more
detail and information see World Meteorological
Organization (1983). If the rim of the gauge was
other than 30 cm above the ground, details were
noted for testing in the last stage of the selection
process (see below). If records in a station file con-
tained any reference to obstacles within the pre-
scribed distance, then details of the sheltering
effects were noted and the station usually rejected.
In some instances of slight sheltering the station
data were not rejected, for example when the shel-
tering was due to native bushland which had not
changed since readings commenced.

This ‘sheltering’ rule was strictly enforced, since
there is evidence that seemingly insignificant shel-
tering can cause discontinuities. One site in
western Victoria was found to have an average
annual rainfall approximately 20 per cent lower
than a neighbouring station 90 m away, averaged
over 21 years. The rainfall in the area comes
mainly from the west in the form of frontal activ-
ity. The only apparent cause for this discrepancy
was an 18 m pine tree 18 m to the west of the rain-
gauge. Shepherd (1991) detected a statistically sig-
nificant reduction of 8 per cent in annual rainfall
due to the construction of a new building at the
Hobart Regional Office. These examples illustrate
the need for rainfall readings, which may have
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suffered from sheltering effects, to be closely
inspected, since modifications to the data would
probably be needed if they are to be used in
climate studies.

The effect of urbanisation on stations was also
considered. Landsberg (1981) presented case
studies of urban sites where summer rainfall had
increased while the surrounding rural areas re-
mained unchanged. It has been suggested that this
increase is mainly due to the heat island effect
which acts as a trigger mechanism for summer
storm activity. There are other factors, such as
increased cloud condensation nuclei, which also
affect the rainfall records of urban sites. The effect
of urbanisation on a long-term rainfall station
could lead to a spurious trend. Since the chance of
such trends being found in many sites in the larger
cities is high, such sites were not included in our
list of possible good stations.

Changes in location

Topographic effects have a marked influence on
rainfall distribution, rain-shadows from moun-
tain ranges being an obvious example. Variations
in rainfall due to altitude are also apparent on
isohyet maps. Station location shifts, especially in
hilly terrain, may therefore introduce inhomogen-
eities. Station files were examined closely for any
reference to site moves. Explicit details of moves
were noted as well as any suspected move. Some-
times suspicions that sites may have moved came
from old photographs, references to a change in
observers, or some comments in correspondence.

If the station in question is located in hilly terrain, .

and the move was considered large enough to
cause a discontinuity in the climate record, then
the station was rejected. Also, if there were many
short moves the station was rejected. If, however,
the move or moves were slight, then the station
record was passed to the next test. Stations on flat
terrain, and not close to the coast, were allowed
greater shifts in location before they were re-
jected.

Changes in rain-gauge type

Nearly all rainfall stations in Australia have used
standard rain-gauges since they commenced rec-
ording. This is a great advantage in the search for
homogeneous records. A few stations have used
non-standard gauges at some time. These stations
were rejected. The two standard gauges used in
Australia are the 203 mm (8”) and 127 mm (5”)
gauges. There are many instances when the
127 mm gauge was replaced with the 203 mm
gauge. The dates of these changeovers were noted
but subsequent testing revealed no obvious dis-
continuity associated with changes in gauge
size.

Final testing

The selection process set out above reduced our
original list of about 2100 rainfall stations to a

tenth its size. The final testing involved taking
individual yearly data and running them through
a suite of programs to check for any inhomogen-
eities. The analysis used was based on the method
outlined in Craddock (1981) to compute a cumu-
lative deviation term referred to as a ‘bias stat-
istic’. This term can distinguish periods of ap-
parent climatic stability from those of significant
drift.

This bias statistic tests a time series for a station
and flags any excessive drift from the expected
climate. Any years flagged by this process were
then checked to see if inhomogeneities could be

. the cause. When a single year was flagged it was

often due to the occurrence of cyclone activity.
Major droughts or floods also caused years to be
flagged; here the record of the Southern Oscil-
lation Index was helpful to explain the extreme
annual readings. Another source of information
was the bias statistics of other rainfall stations.
The available network of stations, which was too
sparse for standard comparison tests, was
however sufficient to be used to identify years in
which major rainfall fluctuations occurred on a
regional scale.

Each remaining station was subsequently tested
and all flagged years investigated. Trends and dis-
continuities both showed up as a series of flagged
years. Stations with discontinuities were immedi-
ately rejected since such an occurrence could not
be explained climatologically, while trends were
closely examined and, if there was any suspicion
that an observed trend was non-climatic (e.g. a
growing tree sheltering the site), the station was
rejected.

A high quality data set

One hundred and ninety-one long-term rainfall
stations passed all of the above criteria. They form
the most reliable data set available for examining
rainfall trends in Australia at this time. A list of
the stations is provided in Table 1. Locations of
stations-are indicated in Fig. 3. The data are avail-
able from the National Climate Centre of the
Bureau of Meteorology.

Discussion

The selection process used to select reliable rain-
fall stations was involved and very time consum-
ing. The criteria were very strict but this was
warranted to produce a data set as free of bias and
inhomogeneities as possible. Since 1910 there
must have been changes at all stations, if only in
the observer. Our approach was to consider what
changes could affect the homogeneity of the rain-
fall record, then devise the best way to reveal
inhomogeneities due to these changes.

Many climate studies rely on compositing rec-
ords within some defined area, with the view that
any inhomogeneities in individual readings will
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Table 1. List of the high quality Australian rainfall stations, including station number, station name, first year of record,
latitude and longitude coordinates and elevation of rain-gauge above sea level.

‘:::“0" EZMO Station name (secondary name) 5:: Lat. Long. 55" f:lmon(uTMO Station name (secondary name) 5;;“: Lat. Long. ff:lj“
004035(94309) Roebourne (Roebourne P.0.) 1887 20746’S 117°08'E 012 019044 Telowie 1879 33°04'S 138'03'E 012
005008(94306) Mardie (Mardie) 1885 21°1'S 115°S8’E 011 021028 Ketchowla 1887 3318'S 139°1¥E 310
006036 Gascoyne Junction (Meedo) 1899 25°40°'S 114°37’E 090 022000 Ardrossan P.O. 1880 34°25'S (37°SS’E 022
006048 Twin Peaks (Twin Peaks) 1903 27°23'S 115°S8’E 400 022009 Minlaton P.O. 1879 34%46’S 137°36'E 070
006055 Woolgorong (Woolgorong) 1904 27°45'S 115°50°E 300 022020 Wallaroo P.O. 1864 33°56’S 137°38°E 010
007007 Yalgoo (Boolardy) 1891 26°59°'S 116°32°E 300 023721 Happy Valley Reservoir EWS 1859 35°05'S 138°34°E 186
007057(94428) Mount Magnet (Mount Magnet P.O.) 1894 28°04'S 117°5I'E 426  024016(94687) Renmark P.O. 1889 34°10°S 140°45’E 020
007090 Paynes Find (Wydgee) 1904 28°51'S 117°50°'E 450 024501 Australia Plains 1890 34°06'S 139"10°E 285
007095 Mount Magnet (Yoweragabbie) 1898 28°14'S 17°39°E 400 024503 Blanchetown 1867 3421’S 139"37’E 031
008066 Wongan (Kokardine) 1907 30°42'S 117°03E 300 024506 Brownlow P.O. 1908 34°15°S 139*16’E 210
008079 Manarra 1906 29°02'S 115°39E 290  024511(94680) Eudunda 1880 34°11'S [39°05'E 415
008088 Mingenew (Mingenew P.O.) 1896 29°12'S 115726’E 153 024515 Langhorne Creek P.O. 1889 35°18'S 139°02’E 018
008106 Perenjori (Perangery) 1910 29°22°S 116°25'E 260  024521(95812) Murray Bridge P.O. 1885 35°07°S 139°t7’E 015
008141 Northampton (Willi Gulli North) 1907 28723'S 11427E 110 024535 Swan Reach P.O. 1898 34°34’S 139°36'E 024
009038(94603) Rottnest (Rottnest Island L.H.) 1880 32°00'S 115°30°E 046 025015 Pinnaroo P.O. 1888 35°16’S 140°S4'E 105
009503 Capel (Boyanup P.O.) 1897 33°29°'S 115°44°E 037  025507(94816) Keith P.O. 1906 36°06’S 140°21I'E 029
009519(94600) Busselton (Cape Naturaliste) 1903 33°32°S 115°01E 097 026013 Kybybolite Research Centre 1906 36°53'S [40°56’E 091
009520 Albany (Cape Riche) 1897 34°3¢’S 118°44’E (10 026025 Penola P.O. 1861 37°23'S 140°S1I'E 062
009557 Hopetoun (Hopetoun P.O.) 1901 33°57°'S 12007E 015 027003 Booby Istand 1908 10°36'S 141°5S'E 019"
009561 Mount Barker (Kendenup P.O.) 1901 34°29'S 1I7°38’E 262 028004(94276) Palmerville 1889 16°00'S 144°05’E 210
009564 Albany (King River) 1903 34°57'S 117°S¥E 022 029004(94259) Burketown P.O. 1886 1745°S 139°3¥E 006
009591 Mount Barker (Pardelup) 1899 34°38°'S 11723E 300 031055 Mossman South 1908 16729°S 145723E 077
009594 Bremer Bay (Peppermint Grove) 1904 34°26’S 11921'E 030 032032 Macknade 1890 18°36'S 146°15S'E 006
009616 Boyup Brook (Westbourne) 1903 34°06'S 116°40°'E 200 033023 Farleigh Co-operative Sugar Mill 1893 21°06’S 149°06'E 047
009619 Manjimup (Wilgarrup) 1900 34°09'S 116°12°E 251 033035 Ayr (Kalamia Estate) 1886 19°31'S 147°25E 006
010024 Goomalling (Casuarina Vale) 1910 31°10°'S 116°SI’E 305  033065(94369) St Lawrence P.O. 1870 22°21'S 14932°E 011
010032 Wyalkatchem (Cowcowing) 1907 31°00'S 117°24'E 360 036007(94350) Barcaldine P.O. 1886 23°33'S 145°1TE 267
010037 Kellerberrin (Cuttening) 1886 31°44’'S 117°46'E 269  037043(94329) Urandangie 1891 21°37'S {38°19E 174
010039 Dowerin (Doodarding Well) 1907 31°01’S 117°12°E 200 037051(94339) Winton P.O. 1884 22°23'S 143°02E 185
010045 Dowerin (Ejanding) 1907 31°01’S 117°08’E 300  038002(94482) Birdsville Police Station 1892 25°54'S 139°2I'E 047
010091 Meckering (Meckering P.O.) 1897 31°38'S 117°0I'E 300  038003(94333) Boulia P.O. 1886 22°55°S 139°S4'E 157
010092(95624) Merredin (Merredin Shire Council) 1903 31°29'S U&I17’E 315 038024(94488) Windorah P.O. 1887 2526’S 142°39E 126
010112 Nungarin (Nungarin P.O.) 1904 31°11'S 118°06’E 292 039037 Fairymead 1881 24°48’S [52724°E 003
010123 Bruce Rock (The Granites) 1910 32°00'S 117°S6'E 427 040013 Bauple (Cowal) 1894 25°50°S [52°38’E 06!
010126 Trayning (Trayning P.O.) 1910 31°07'S 117°48’E 290  040043(94594) Cape Moreton Lighthouse 1869 27°02'S 153°28°E 096
010133 Koorda (Walk Walkin) 1909 30°50'S HITIYE 350 040082 Gatton-Lawes 1897 27°33'S 152°20'E 029
010149 Trayning (Codg Codgin) 1902 31°21'S 117°48'E 300 040094 Harrisville P.O. 1896 27°49'S 152°40°'E 055
010505 Arthur River (Arthur River Comp.) 1891 3321'S 117°02E 272 040140 Mount Brisbane 1890 27'06’S 1{52°32E 079
010525 Broomehil! (Broomehill P.O.) 1891 33°51'S 117°38E 328 040152 Murgon P.O. 1909 26°14'S 151°STE 312
010536 Corrigin (Corrigin P.O.) 1910 32720'S 1I7°S2E 295 040230 Gold Creek Resvr. 1885 27°28'S 152°53'E 099
010537 Cranbrook (Cranbrook P.O.) 1891 34°18’S [17°33E 255 041003 Balgownie West 1876 27°50°S [51°41'E 448
010541 Jerramungup (Dalgleish) 1907 33°5I'S 11849'E 350 041011 Cambooya P.O. 1887 27°43'S [S5I°S2’E 467
010636 Dumbleyung (The Oaks) 1906 33°10’S 117°40°E 400 041013 Warwick (Canning Downs) 1879 28°14'S [(52°04’E 456
010670 Hyden (Lake Carmody) 1905 32°30'S 119°22°E 310 041024 Doctors Creek 1906 27°12'S 151°53'E 588
012052(94446) Menzies (Menzies P.0.) 1896 29°41°S 121°02°E 426 041044 Warwick (Hermitage) 1898 28°12'S 152°06’E 475
012065(94639) Norseman (Norseman P.0.) 1897 32°12’'S 121°47°E 277 041082 Pittsworth P.O. 1886 27°43'S 151°38'E 608
014042(94138) Gunbalunya (Oenpelli) 1910 12°19’S 133°0¥E 007  042023(94529) Miles P.O. 1885 26°40°'S 150'11I’E 305
014902 Katherine (Council Depot) 1873 14°29'S 132°16'E 103 044026(94500) Cunnamulia P.O. 1879 28'04'S 145%45'E 189
014933 Pine Creek P.O. 1874 13°49’S 131°SO'E 189 044054 Mulga Downs 1905 2847'S 146°S4°E 130
015557 Tempe Downs 1886 24°23S 132°25E 518 045017(94492) Thargomindah P.O. 1879 28°00'S 143°49°E 125
016009 Coondambo 1885 31°04’S 135°52°E 151 046042(94699) White Cliffs P.O. 1901 30°51'S  {43°05'E 151
016022 Kondoolka 1905 32°00°'S 134°SY’E 271 047029 Pooncarie P.O. 1882 3323'S 142°34°E 049
016032(95655) Nonning 1903 30%47'S 136"29°E 205 047053 Wentworth P.O. 1868 34°07'S 141°55’E 037
016039 Purple Downs 1903 30°47'S 136°S4E 110 048031(95520) Collarenebri P.O. 1884 29°33'S 148°35E 145
016044(94655) Tarcoola P.O. 1903 30°43'S 134°34’E 120 050031 Peak Hill P.O. 1890 3243'S 148°'1V'E 267
016055 Yardea 1877 32°23'S 135°31’E 384 054003(94761) Barraba P.O. 1881 30723'S 150"37’E 500
017014 Blinman P.O. 1874 31°06'S 138°41'E 616 054004 Bingara P.O. 1878 29°52'S 150°34'E 296
017024 Farina 1879 30°04’S 138°16'E 091 054036 Wallangra Station 1883 29°15'S 150°54’E 440
017031(94480) Marree 1885 29°39’S 138°0F'E 050 055045 Curlewis (Pine Cliff) 1903 31°11’S 150°02°E 365
018001 Arno Bay P.O. 1907 33°35’S 136"34’E 009 055055 Carroll (The Ranch) 1891 30°58'S 150°28'E 290
018002 Penong (Pennalumba) 1898 31°49’S 132°36¢'E 036  058012(94589) Yamba Pilot Station 1877 29°26’S 153°22’E 029
018033 Ceduna (Goode) 1908 31°58’S 133°46’E 137  058063(94574) Casino Airport 1858 28°53'S 153°03E 026
018042 Koonibba Reserve 1910 31°54’S 133°25E 620  060026(94787) Port Macquarie Hill Street 1840 31°27°S 152°55'E 007
018045 Lake Hamilton 1877 33°57'S 135°16’E 008 061010 Clarence Town P.O. 1895 32°35'S 151°47’E 010
018049 Butler (Midway Glen) 1905 34°07°'S 136"10E 100 061014 Branxton (Dalwood Vineyard) 1863 32°39°'S I51°25E 033
018058 Whyalla (Mullaguana) 1910 33°13'S 137°22°E 050  062021(94731) Mudgee P.O. 1870 32°36'S 149°35'E 454
018065 Pineside 1909 33°52'S 136723E 076 062026 Rylstone P.O. 1881 32°48'S 149°S8’E 580
018069(94656) Elliston P.O. 1882 33°39’S 134°S¥E 004  063005(94730) Bathurst Agri. Research Station 1908 33°26'S 149°34'E 713
018106(94651) Nullarbor (Hotel/Motel) 1888 31°27°S 130°S4’E 064 063045 Leura P.O. 1908 33°43'S 15021'E 975
019001 Appila 1874 33°03'S 138726'E 381 068016 Cataract Dam 1904 34°16'S 150°48°E 340
019032 Orroroo 1868 32°44’S 138°37°E 418 068034(94940) Jervis Bay (Pt Perpendicular L/H) 1899 35°06’S 150°48'E 085
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Table 1. Continued

‘:Z‘“D"(WMU Station name (secondary name) }’Z’?r[ Lat. Long. (E,"I;v frlwnf};l")MO Station name (secondary name) ;Z:‘" Lat Long. 5'[5"‘
069006 Bettowynd (Condry) 1896 35°42°'S 14947’E 160 086117 Toorourrong Reservoir 1892 37°29'S 145°09°E 244
069018(94937) Moruya Heads Pilot Station 1875 35'55’S 150°09°E 017 086131 Yan Yean 1855 37°34'S 145°08'E 198
070028 Yass (Derringullen) 1898 34°45'S 148°SYE 595 087034 Lovely Banks Reservoir 1877 38°04'S 14420'E 083
074128(94869) Deniliquin P.O. 1858 35°33'S 144°ST'E 093 087043 Meredith (Darra) 1875 37°49’S 144'09E 347
075012 Wakool (Calimo) 1893 35%25'S 144°36¢’'E 084 087053 Portarlington P.O. 1884 3807'S 144°40°E 020
075035 Hay (lllilawa) 1888 34729°S 144°59E 097 088034 Kilmore 1883 37°19'S 144°S6’E 370
075050 Naradhan P.O. 1880 33°37'S 146°19E 192 088060 Wallaby Creek Weir 1884 37°26'S 145'13’E 520
077008 Birchip (Woodlands) 1890 35°56’S 142°SI'E 102 089005 Beaufort P.O. 1882 37°26'S 14323'E 387
077030 Narraport 1886 36°00°S 143°01I'E 099 089033 Wickliffe 1879 37°42°S 142°44’E 248
077036 Rainbow (Pella) 1901 35°50'S 141°S6’'E 088  090014(94826) Cape Nelson Lighthouse 1908 38726'S 141°33E 045
077039 Sea Lake P.O. 1896 35°31'S 142°SI’E 054 090053 Leslie Manor 1898 38°08’S 14323'E 130
077042(94843) Swan Hill P.O. 1884 3521'S 143°33E 070 090064 Peterborough 1903 38°36'S 14254°E 010
078043 Yanac A Yanac North 1889 36%07'S 141227E 131 091011 Cape Grim (Woolnorth) 1888 40°41'S 14443'E 021
078078 Kaniva 1883 36%22'S 141°15E 137 091013 Carrick 1906 41°3¥'S 147°00'E 150
079010 Drung Drung 1905 36°47'S 142°24’E 120 091044 Irishtown 1906 40°55’S 145°08°E 061
079036 Natimuk 1889 36°45'S 141°56¢’'E 122 091109 Yolla 1905 41°08'S 14543°E 335
080004 Canary Island 1887 35°58'S 143°51I'E 088  092012(95974) Fingal Forestry 1882 41°38'S [47°58'E 234
080009 Coonooer Bridge 1887 36'30°S 143'18'E 177  092037(95980) Swan Island 1871 40°44’S 148°08°E 009
080065 Yarroweyah 1890 35°54'S 145°3¥E 111 094023 Franklin P.O, 1884 43°05’S 147°0I'E 005
082001 Beechworth Composite 1858 36°23'S 146°44°E 580 094061 Sandford 1888 42°56’S 147°31°E 003
084016(94933) Gabo Island Lighthouse 1859 37°34'S 149°55E 015 094063 Sorelt 1887 42°47°'S 147°34’E 010
084030(94917) Orbost 1883 37°42'S 14827°E 041 095016 Osterley 1910 42°20°S 146°45°E 380
085050 Lindenow 1897 37°48'S 14727E 030 097008 Queenstown (Mt Lyell) 1906 42°04'S 145°34'E 183
085096(94893) Wilsons Promontory Lighthouse 1872 39°08'S 146°25°E 089  099001(95965) Deal Island 1871 3929'S 147'19E 076
086017(95862) Cape Schanck Lighthouse 1879 38°30°S 144°53'E 079

Fig.3 Distribution of rainfall stations listed in Table
1.

cancel out in the composite. This approach is
plausible if the records of the sites are basically
reliable and inhomogeneities are random. The ap-
proach is flawed if there is a tendency for a non-
climatic influence to affect many sites within an
area in a similar way. An example of this, which
has occurred over most of Australia, is the shel-
tering effect resulting from development of town
centres. Many observing sites are located at post
offices, which are situated in the most developed
area of town. As the towns develop the rain-gauge

becomes more and more sheltered, even in small
towns. Often stations are moved as a result, poss-
ibly causing discontinuities in their records. But
all too frequently the problem just gets worse with
the passage of time.

Other trends can also invalidate the composit-
ing approach. Coastal areas have changed signifi-
cantly during the twentieth century. As light-
houses and pilot stations have closed and tourist
development has increased, rainfall sites which
were originally on the coastal fringe have moved
inland. Station numbers remain unchanged even
though successive short moves bring the station
further and further inland. This phenomenon is
most apparent in New South Wales where most of
the coastline has experienced tourist develop-
ment.

To study true climatic trends all possible spuri-
ous fluctuations must be eliminated. The use of a
data set like the one described here enables re-
searchers to look at processes in the atmosphere
with increased confidence in the data. Work has
already commenced using this data set to look at
various aspects of Australian rainfall including
previously observed rainfall trends (Nicholls and
Lavery 1992).

A major drawback with the selected data set is
that large areas of Australia are not represented.
This is an inevitable result of the process of selec-
tion used, with the distribution of selected sta-
tions directly related to that of all available
rainfall stations. The latter is of course limited by
the sparseness of the population over much of the
continent. Work is currently proceeding to over-






