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Australian temperature, Australian rainfall
and the Southern Oscillation, 1910-1992:
coherent variability and recent changes
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The best available surface temperature (T) and precipitation (P) records
for Australia dating back to 1910 have been examined to look for coherent
interannual variability. P exhibits a tendency to be out of phase with daily
maximum temperature, Tmax, and this results in P tending to be out of
phase with both the daily average temperature, Tbar (estimated here as the
average of Tmax and the daily minimum, Tmin), and the DTR (diurnal
temperature range, Tmax-Tmin). The association between P and Tmin is
generally weak. The (expected) increase in P associated with a positive
Southern Oscillation Index is (generally) accompanied by reduced average
temperatures (Tbar) and a reduced DTR, both of which primarily arise
from a reduction in Tmax. When variability in both P and Tmin associat-
ed with Tmax is removed, the residual signals (P* and Tmin*) show wide-
spread statistically significant positive correlations, consistent with the
hypothesis that clouds help to reduce night-time cooling. These relation-
ships are less clear at near-coastal sites, and absent at the island and
exposed coastal sites considered.

Results from three separate ten-year integrations of the Bureau of
Meteorology Research Centre’s atmospheric general circulation model
were then examined. The tendency for (a) P to be out of phase with Tmax,
Tbar and the DTR and (b) P* to be in phase with Tmin* over Australia on
interannual time-scales was also generally evident over land elsewhere,
except at high latitudes and over North Africa. An analysis of the model’s
surface heat budget over land showed that this arises from associated sur-
face short wave radiation and latent heating anomalies. The latter is gener-
ally. more important over low-latitude regions where deep convection
occurs, with the hierarchy reversed elsewhere. Evaporative cooling anom-
alies appear to be dominated by soil moisture changes. Surface long wave
radiation, sensible heating and subterranean heat exchange tend to reduce
the temperature change which would otherwise occur.

Recent changes in some of the relationships exhibited between
observed P, T and the Southern Oscillation Index appear unusual in terms of
the interdecadal variability evident in the records prior to 1972, and previ-
ous conclusions drawn on the basis of ‘all-Australia’ P and T indices were
found to have broad applicability. Interrelationships between recent changes
in the 20-year means of P, T and the SOI do not match the changes that might
be expected on the basis of their interrelationship on interannual time-scales.
Possible reasons for the changes suggested by the analysis (e.g., global warm-
ing and naturally occurring interdecadal climate variability) are discussed.

This study focuses on relationships between interannu-
a] fluctuations in the Southern Oscillation Index (SOI),
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Australian precipitation (P) and Australian surface tem-
perature (T), and how they may have changed since the
early 1970s.

There are a number of reasons why P and T might be
statistically related. For example: (a) if rainy years are
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cloudy years then less sunshine will reach the surface,
thereby lowering the maximum daily T (Tmax); (b) soil
moisture is reduced during dry periods and so if the
buffering effect of evaporation is reduced, a given sur-
face short wave radiation (SSWR) heating anomaly will
produce a larger change in T, (c) if rainy years have
increased cloud at night-time, then more long wave radi-
ation (LWR) will be trapped in the lower atmosphere,
and the minimum daily T (Tmin) will rise.

If (a) and (b) dominate the relationship between P
and T then it might be expected that they are out of
phase. This hypothesis was tested by Coughlan (1979)
who examined all annual-mean Tmax and P data avail-
able at the time for the period 1946-1975. He found this
to be generally true except along the periphery of the
continent and in northern Australia.

More recently, Nicholls et al. (1996a) used ‘all-
Australia’ indices for P and T to independently show
that high P is accompanied by a reduced diurnal tem-
perature range, which was found to be primarily associ-
ated with reduced daytime temperatures. They suggest-
ed that these relationships might be due to cloud
changes.

In this paper we will re-examine these relationships
over the period 1910-1992, using the most reliable
records currently available (Torok and Nicholls 1996;
Lavery et al. 1992, 1997; see following séétion). The
same observational records used by Nicholls et al. (1996
a,b) will be employed, but here they will be examined
on a regional basis rather than combining them into area
averages. o

In the second part of this study, results obtained from
three recent ten-year integrations of the Bureau of
Meteorology Research Centre’s atmospheric general
circulation model (Bourke et al. 1977; McAvaney et.al.
1978, 1991; McAvaney and Colman 1993), or AGCM,
will be presented, first to see if the model captures.the
anticipated relationships, but also to help quantify the
relative importance of mechanisms (a) to (c).

The third and final part of this study is concerned
with recent changes in the interrelationships between P,
T and the SOI. Changes of this kind have important
implications, as statistical methods are used to forecast
seasonal climate anomalies over Australia (e.g.,
McBride and Nicholls 1983; Zhang and Casey 1992). If
these changes are unprecedented then we may have
entered a new climatic regime in which the previous
methods will be less successful. '

Interdecadal variability in the interannual relation-
ships was suggested by Nicholls et al. (1996b) using
‘all-Australia’ indices for P and T. They highlighted
recent changes in the relationships during the 20-year
period beginning in the early 1970s. During this time,
for any given value of the SOI or P, maximum daily T
(Tmax) has tended to be higher than was the case previ-

ously. Likewise, for any given value of the SOI, P has
tended to be greater than would have been expected on
the basis of the earlier relationship.

Here we aim to quantify whether these recent
changes have been unusual in terms of the variability
exhibited in previous decades, and to examine the
regional dependence of the changes. If they are unprece-
dented then perhaps we are seeing evidence for climate
change, although the possibility that it is instead due to
naturally occurring climate variability will be difficult to
rule out on the basis of records which are less than one
century long.

The paper is organised as follows. The observational
data are described in the following section. The rela-
tionship between P and T in these records is then exam-
ined using both gridded and original station data.
Results from the AGCM are also analysed, first to see if
the same relationships are in evidence, and then to test
hypotheses (a) to (c) above. An analysis of recent
changes in the observed relationships and a discussion
of the possible reasons for the changes precedes a sum-
mary of the main results. '

Observational records

The precipitation data (LLavery et al. 1997) represent an
expanded version of the data described by Lavery et al.
(1992), which now gives an enhanced coverage by
incorporating additional stations and composites of two
or more neighbouring stations. The dataset consists of
341 stations covering the period 1910-1992.

The surface air temperature data (Torok 1996; Torok
and Nicholls 1996) cover the period 1910-1993, and
have been adjusted to account for inhomogeneities
caused by station relocations and changes in exposure
using objective statistical methods. An exhaustive
search of the available historical documentation regard-
ing observational practices, instrumentation, site reloca-

- tion and exposure was conducted to assess the quality of

both the P and T records and to choose records for com-
positing. It is believed that both sets are the most reli-
able for estimating changes in Australian climate over
the past century, and have already proved useful in a
number of studies (Torok, 1996; Torok and Nicholls
1996; Nicholls et al. 1996a,b; see also Nicholls and
Lavery 1992; Nicholls and Kariko 1993). Note that
while these datasets are the best available, imperfections
at isolated stations may exist.

Both the (annual average) daily maximum (Tmax)
and the daily minimum (Tmin) are available (from 224
stations), from which we have estimated the daily aver-
age, Tbar = (Tmin+Tmax)/2, and the diurnal tempera-
ture range, DTR = Tmax-Tmin. The station data were
interpolated onto a regular 0.1 degree latitudinal/longi-






