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Annual climate summary 1998:
~Australia’s warmest year on record
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A high-quality dataset developed to monitor long-term tem-
perature trends in Australia has been updated. The annual
mean time-series indicates that in 1998 Australia recorded
> its highest ever annual mean temperature since the start of
the high-quality record in 1910. The largest contribution to
the record temperature came from much higher than usual
minimum temperatures throughout the northern half of the
continent. High-quality rainfall and cloud cover datasets
have also been updated. Greater than average cloud cover
during 1998 contributed to milder overnight temperatures
and generally wetter than average conditions through most
of the country. The result of a warm, wet and cloudy year
during 1998 is unusual in the instrumental record for
Australia as studies of interannual climate variations indi-
cate that mean temperature is generally out of phase with
both rainfall and cloud cover. However, these apparent
inconsistencies support the suggestion made by previous
studies that the relationship between Australian tempera-

ture and rainfall changed abruptly during the early 1970s.

Introduction

Any change in site location, exposure, instrumenta-
tion or observational practice has the potential to
result in a significant inhomogeneity in the climate
record of an observing station. These artificial dis-
continuities can be as large as natural climate varia-
tions and make it difficult to detect any real trends in
the climate. Increasing concern about potential cli-
mate change associated with the enhanced green-
house effect has made it critical that any station data
used to examine such change has been adjusted for
inhomogeneities.
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Procedures to identify and adjust for inhomo-
geneities in a climate record generally involve
analysis of historical station information, visual
examination of data, neighbour checks and statisti-
cal tests. A number of studies (e.g. Torok and
Nicholls 1996; Lavery et al. 1992, 1997) have used
these techniques to develop Australian high-quality
datasets which are used operationally by the Bureau
of Meteorology’s National Climate Centre for long-
term climate monitoring.

Annual mean temperature

Torok and Nicholls (1996) developed a set of
Australian high-quality historical temperature records
using available station documentation, graphical
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checks and statistical tests. Station records were cor-
rected for discontinuities in annual mean temperature,
generally over the period 1910 to 1993. One of the
major problems identified by Torok and Nicholls was
the poor documentation of changes in instrument
shelters to the current Stevenson screen. Generally
this occurred throughout Australia in the early 1900s
(Nicholls et al. 1996a) and to avoid the associated
complications they concentrated on the post-1910
period. 224 temperature records were reconstructed to
an acceptable standard, 181 of which were identified
as being non-urban.

The non-urban temperature records of Torok and
Nicholls (1996} are used operationally to compute
Australia’s annual mean temperature, with the cor-
rected temperature records of Giles (25.0°S, 128.3°E)
and Woomera (31.2°S, 136.8°E) having been added to
the original network to improve inland sampling.
Urban stations are not included to avoid the artificial
warming associated with increasing population.
Torok and Nicholls examined the homogeneity of the
temperature records up to and including 1993. A thor-
ough homogeneity analysis of the post-1993 records
has not yet been undertaken. However, this is not
expected to have a significant impact on the spatially
averaged temperature values for recent years.

In recent years, for any observing site move that is
likely to involve a significant discontinuity in the sta-
tion’s climate record, the Bureau of Meteorology has
generally assigned a new site number to the station.
Only data corresponding to the original station num-
bers of Torok and Nicholls (1996) have been used in
this study and consequently large discontinuities
associated with significant site moves should have
been avoided. Also, as the sites used are designated as
non-urban, the effects of urbanisation since 1993
should be minimal. The main sources of inhomogene-
ity since 1993 are likely to come from changes in site
exposure and instrumental drift. However, all sites
should have regular inspection and maintenance pro-
grams to minimise these influences. Also, the impacts
of these changes on individual station records is like-
ly to be random (some will involve a positive bias
while others experience a negative bias) so the over-
all bias to the network should be minimal.

Initially, annual mean maximum and minimum
temperature anomalies were calculated for every
available station in the high-quality temperature net-
work. These anomalies were calculated from the aver-
ages of each station’s 12 monthly mean anomalies,
which were determined relative to the long-term aver-
ages over the period 1961 to 1990. In order to calcu-
late an annual mean maximum or minimum tempera-
ture for any given station, all monthly mean values
must have been available. A monthly mean value was

considered missing if more than ten, or more than five
consecutive, daily temperature values were missing
during the month. These criteria are less strict than the
World Meteorological Organization criteria which
recommend no more than three consecutive missing
daily values and no more than five missing daily val-
ues in total in order for a monthly mean to be consid-
ered valid (WMO 1989). For stations with up to three
missing monthly mean maximum or minimum tem-
perature values during the year, the values were inter-
polated using the objective analysis scheme of Mills
et al. (1997). Stations with more than three missing
months of maximum or minimum temperature data
were not included in the analysis.

Since the initial work by Torok and Nicholls
(1996) some of the high-quality stations have closed.
Also, data losses resulted in some of the remaining
stations being unable to meet the criteria for data
availability and consequently they were unable to be
included in the analysis for some years. In recent
years about 130 non-urban stations from the original
181 have had enough data to be included in the annu-
al analysis, with 129 included in the 1998 analysis.
Any further closures of high-quality temperature sites
may jeopardise the integrity of the network and lead
to unreliable spatial averages of mean temperature.
However, some of the high-quality temperature sta-
tion closures may actually involve station relocations
in which the station has continued at a new location
with a different site number. A thorough homogeneity
assessment of the network may enable the original
high-quality records of some ‘closed’ sites to be
matched onto the record of a new site, effectively
increasing the number of high-quality temperature
stations still open.

Once annual mean maximum and minimum tem-
perature anomalies were determined for all available
stations, the Theissen Polygon weighting scheme of
Lavery et al. (1997) was used to determine all-
Australian mean maximum and minimum tempera-
ture anomalies. This scheme divides the area for
which a spatial average is required into polygons, one
for each station in the network. The spatial average is
then computed by weighting each station according to
the fraction of the total landmass that its polygon rep-
resents. The Australian annual mean temperature
anomaly was then determined from the average of the
Australian annual mean maximum and minimum
temperature anomalies.

All-Australian averages of temperature anomalies
were calculated, rather than averages of temperatures,
due to the much greater spatial coherence of temper-
ature anomalies. The effects of topography and other
local influences can result in significant differences
between temperature values at relatively close sta-






