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High-quality historical monthly rainfall data were used to determine regions of
similar rainfall characteristics for Tasmania, and to document average rainfall con-
ditions for each of these regions. No significant long-term trend in rainfall was
found, but a decline was observed during the 1970s and 1980s, apparently a part of
long-term variability. Three dominant higher frequency oscillations were found in
the rainfall, but the significance of these varied for different parts of the State.
Correlations were found between various atmospheric parameters and rainfall.
anomalies. In particular, certain lagged correlations were found between the Zonal
Index, the Southern Oscillation Index and Southern Ocean sea-surface temperature
anomalies and rainfall anomalies. These lagged correlations may provide the basis

for improving seasonal forecasting.

Introduction

Tasmanian rainfall distribution differs from that
for much of mainland Australia, and shows
marked variation within the State. This is largely
the result of three geographical factors. Firstly, as
Australia’s southernmost State, Tasmania is
located in the latitudes of the ‘roaring forties’ and
is largely under the influence of westerly flow.
Secondly, as the only island State, it is strongly
subject to maritime influences. Thirdly, much of
Tasmania’s topography is mountainous.

Heavy rainfall is common over the western
highlands, where average annual rainfall in excess
of 3500 mm is observed locally. Such rainfall,
typically the result of active synoptic systems
embedded in strong westerly flow, is enhanced by
the lifting of the air mass by the mountain ranges.
The eastward extent of rainfall in westerly situa-
tions is limited by the strength of the airstream,
the intensity of synoptic systems and the avail-
ability of moisture. Northern parts of the State
may also be affected by systems embedded in the
westerlies, particularly if there is a northerly com-
ponent to the flow, such as in pre-frontal situa-
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tions. Any area of the State may experience heavy
rain when a cut-off low pressure system is in an
appropriate location and other conditions favour-
able. As such systems are relatively infrequent for
parts of the eastern inland, they are largely depen-
dent on spillover of rain in the westerlies, and
have average annual rainfall of less than 600 mm.
A description of typical synoptic influences on
Tasmanian weather can be found in Langford
(1965) and an overview of Tasmania’s climate in
Bureau of Meteorology (1993).

This paper details the results of a study of
Tasmanian monthly rainfall, with emphasis on
determining rainfall regions, examining the tem-
poral characteristics of rainfall for those regions,
and exploring relationships between the rainfall
for-those regions and other climatic factors.

High-quality data are preferred for climatic
studies, particularly for consideration of trends.
Lavery et al. (1992) have outlined the reasons for
using such data. In this study, two quality datasets
have been established using monthly rainfall
totals for a selection of Tasmanian locations. One
set comprises data for the period 1910-1990 for a
small number of sites. The second set is for the
shorter period 1961-1990, but for a greater
number of stations.
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Given the complex spatial distribution of Tas-
manian rainfall, it is of use to divide the State into
regions with similar rainfall characteristics. This
allows comparison of different parts of the State,
particularly in relation to anomalous conditions
such as those experienced in droughts. It also
facilitates examination of links between external
climate factors and rainfall anomalies, as such
links may vary from region to region. There are
two key methods that have been used by other
authors to determine climatic regions. Principal
component analysis (PCA) has been used in many
studies, such as Tabony (1981), Mallants and
Feyen (1990) and Drosdowsky (1993a). PCA has
not been pursued in this study, as an extensive
study of Tasmanian rainfall, using PCA, has
already been undertaken by Allen (1991). Cluster
analysis has also been used in a number of climate
studies, including Galliani and Filippini (1985)
and Periago et al. (1991). Nicholls and Lavery
(1992) have used cluster analysis to separate Aus-
tralia into ten broad rainfall regions, one of which
covers all of Tasmania and part of Victoria.
Ward’s method of cluster analysis has been found
to produce realistic clusters of meteorological
data by authors such as Bonell and Sumner (1992)
and Fernau and Samson (1990). In this study,
cluster analysis has been used as a basis for deter-
mining rainfall anomaly regions for Tasmania.
Median rainfall has been calculated for each of
these regions, and for individual sites, on an
annual, seasonal and monthly basis.

A knowledge of rainfall periodicity is of value
for making predictions, particularly if distinct sig-
nals are present. It is also helpful for identifying
possible physical causes for rainfall behaviour.
Spectral analysis has been used by Tabony (1981)
to examine European rainfall, and more recently
in studies of Australian rainfall by Zhang and
Casey (1992) and by Drosdowsky (1993b). In this
study, spectral analysis has been applied to
averaged rainfall for three broad regions of
Tasmania.

Several authors have examined Australian
rainfall for long-term trends. Pittock (1975, 1983)
examined Bureau of Meteorology district average
rainfall, while Srikanthan and Stewart (1991) con-
sidered eight groups of Bureau stations across
Australia, including one group for Tasmania.
Nicholls and Lavery (1992) have examined rain-
fall trends for a representative site from each of
the ten regions they obtained by cluster analysis,
including one region covering Tasmania and parts
of Victoria. For this study, averaged rainfall for
three regions of the State was examined for trends
over the period 1910-1990 and selected sub-
periods.

The prediction of rainfall a season or more
ahead is of great value, particularly to those in

the agricultural industry. For this reason, lagged
relationships between Australian rainfall and
other climatic factors have been examined by
many authors. One such factor is the Southern
Oscillation Index (SOI), which has been recog-
nised for many years as being correlated with
rainfall over parts of Australia. The SOI provides
a measure of the El Nifio-Southern Oscillation
(ENSO) effect, a complex' fluctuation and inter-
action of atmospheric and oceanographic circula-
tions across the Pacific basin. McBride and

‘Nicholls (1983) reported significant simultaneous

and lagged correlations between several forms of
the SOI and district rainfall, particularly for
northern and eastern Australia. More recently,
Zhang and Casey (1992) have related district rain-
fall to phases of the SOI, using a form of the SOI
based on Darwin mean sea-level pressure (MSLP)
anomalies. Here the SOI has been correlated with
the averaged rainfall for three broad regions of
Tasmania rather than district rainfall.
Relationships between sea-surface temperature

~ (SST) and Australian rainfall have been docu-

mented by various authors,- including Nicholls
(1989), Whetton (1990), Simmonds (1990), Sim-
monds and Rocha (1991), Drosdowsky (1993c),
and Frederiksen and Balgovind (1994). Based on
observations or model simulations, the authors
found significant relationships between SSTs for
ocean waters in the general vicinity of Australia
and rainfall anomalies over various parts of
Australia. In this paper, the relationships between
Tasmanian rainfall and SST anomalies (SSTAs)
over areas in the Australian region, including the
Southern Ocean, have been examined.

Two other factors have been explored for con-
nections with Tasmanian rainfall, namely MSLP
anomalies for Hobart and Melbourne, and
anomalies of the Zonal Index (ZI) which has been
described by Pook (1992). The ZI provides an
indication of the strength of the mid-tropospheric
zonal flow over the Southern Ocean in the

- Australian region.

Data and methodology

Rainfall data

Monthly rainfall totals were obtained from the
Bureau of Meteorology’s National Climate Centre
(NCC). A useful number of observing sites had
nearly complete records going back to 1910. Few
existed prior to then, and there is uncertainty
about the standard of the earlier data (the
Commonwealth Bureau of Meteorology began in
1908). Many more sites were available for the
30-year period 1961-1990.
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For much of the work, a cube root transform-
ation was applied to the rainfall data to produce
near-normal distributions (Stidd 1953) and then
anomalies for each calendar month were calcu-
lated. Multiple linear regression was used to fill
small gaps in the record and in the detection of
errors. To confirm that sites were relatively homo-
geneous, several tests were applied that were
based on comparing the record at one site with
those for nearby sites. Tests for gradual change in
the mean were based on the Spearman and Mann-
Kendall rank statistics (WMO 1966). For step
changes in the mean, the likelihood ratio’s test of
Alexandersson (1986), the cumulative Q and R
tests of Buishand (1982), and the bivariate test of
Potter (1981) were applied. Heterogeneous sites
were excluded from the study.

The final long-term dataset comprised nine
sites, while the short-term dataset contained 73
sites, some of which were also in the long-term set.
Figure 1 shows the location of the sites.

Regions
In this study, Ward’s method of cluster analysis
was applied to the rainfall anomalies for the short-
term dataset to determine regions, but other
cluster analysis methods were used for confir-
mation.

Fig.1 Map of Tasmania, showing locations of sites
(triangle = short-term, square = long-term), and
regions based on cluster analysis of transformed
rainfall anomalies, 1961-1990 (regions 1 to 9).
Thick lines divide north, east and west regions.
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For convenience, Tasmania was divided into
three broad regions for much of the work in this
paper. This was done, in a semi-objective manner,
by selecting the three main branches of the
dendogram obtained from cluster analysis. The
three regions are shown in Fig. 1, and are referred
to as the ‘north’, ‘east’ and ‘west’ regions. For
short-term work (1961-1990), group-averaged
rainfall for the north, east and west regions was
based on 27, 36 and 10 sites, respectively. For
longer-term work (1910-1990), rainfall for the
same regions was based on the averages for only
four, four and one sites, respectively.

Periodicity

Spectra were obtained for the group-averaged
1961-1990 rainfall data for the three regions,
using a fast Fourier transform routine (Drosdow-
sky, personal communication) with a frequency
resolution of 1/64 month-'. The significance of
each spectrum was assessed against a red noise
spectrum, at the 95 per cent confidence level,
based on the formula of Gilman et al. (1963). The
process was repeated for the rainfall with the
annual cycle removed, by removing the mean and
the first four harmonics of the annual cycle.

Trends

Averaged rainfall for the three regions was exam-
ined for trends over the period 1910-1990, using
the limited dataset, and the period 1961-1990,
using the larger set. For this purpose monthly
intransformed rainfall values were added to form
series containing annual values. Time series plots
were prepared for subjective consideration.
Objective tests, such as that of Mann-Kendall and
Spearman (WMO 1966), were applied.

Mean sea-level pressure

Monthly anomalies of MSLP were calculated for
Hobart and Melbourne, and seasonal values were
obtained by taking an average of the relevant
three-month period. Summer was taken to be
December, January and February, with the other
seasons based on the same convention. Rainfall
anomalies for the three regions of interest were
also averaged for each season. Simultaneous and
lagged correlations were then calculated between
the MSLP and rainfall anomalies, for the period
1961-1990.

Zonal Index (ZI)

The ZI, as used by the Bureau of Meteorology, is
based on the difference in geopotential heights at
the 500 hPa pressure level between 35°S and 55°S,
for the sector from 75°E to 175°W (at 10° inter-
vals). A full description of the ZI can be found in
Pook (1992). Monthly anomalies of the ZI were
calculated for the period 1971-1989. Seasonal
values were obtained by averaging over the
relevant three-month period. Simultaneous and
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lagged correlations were calculated between the
ZI anomalies and the rainfall anomalies for each
season.

Southern Oscillation Index

The SOI used in this paper is that used by the
Bureau of Meteorology’s NCC and is based on
that used by Troup (1967). It is calculated by sub-
tracting the standardised monthly Darwin MSLP
anomaly from that for Tahiti, then multiplying by
ten. Seasonal SOI values were correlated with
rainfall anomalies for the three rainfall zones, for
the period 1961-1990.

Sea-surface temperatures

Monthly mean SSTs were obtained for the area
10°S-40°S/100°E-180°E for the period 1970-
1981, and for the area 10°5-60°S/100°E-180°E for
the period 1982-1990. The first of these datasets
contained in situ SSTs, while .the second con-
tained ‘blended’ data. A description of these can
be found in Reynolds (1988). For this study, the
two sets were combined, producing a mixed set for
1970-1990 north from 40°S and a blended set for
1982-1990 south of 40°S. Initially data were
available at 2° intervals, but for convenience grid-
points at intervals of 4° were used. SST ‘anom-
alies’ were derived for each grid-point, based on
means from the available data (not long-term
means). Simultaneous and lagged correlation
coefficients were calculated between the SSTAs
(for each grid-point) and rainfall anomalies, on a
seasonal basis.

Results

Regions
Analysis of the data produced nine clusters, each
containing roughly the same number of sites.
Approximate boundaries were drawn for these
clusters, using subjective input if required, as
shown in Fig. 1. Generally the clusters fell into
distinct and ‘climatologically sensible’ areas.
Boundaries between regions tended to align with
major mountain ranges or ridges. It should be
noted, however, that the boundaries for regions
" are not hard and fast, as rainfall anomalies for
sites close to boundaries often correlate highly
with average values for the regions on either side
of the boundary. Furthermore, different methods
of cluster analysis produced similar, but not ident-
ical results. It should also be noted that the regions
relate to rainfall anomalies, not rainfall itself.
The boundaries for the three broad regions are
also somewhat indefinite as a result of the overall
high correlations between sites. In particular,
regions 3 and 4 are assigned to the north region,
but in some analysis methods fall into the east
region. In fact the averaged rainfall anomalies for
the north and east regions are more highly corre-
lated to each other (0.76) than to the west region
(0.51 and 0.42, respectively).

Correlation coefficients between rainfall anom-
alies for individual sites and the mean of rainfall
anomalies for all sites in the same region were
calculated. The lowest, mean and highest of the
coefficients are provided in Table 1(a) for the nine
smaller regions, and in Table 1(b) for the three
larger regions. Given that there are 360 cases
involved, these correlations are all significant at
more than the 99.99 per cent level. Correlations
are high for all of the nine small regions. The cor-
relations decrease for two of the broad regions
(north and east), which is not unexpected given
the greater geographical spread of sites compared
to the small regions. The west region is the same as
the smalier region 5.

Median rainfall

A broad view of Tasmania’s annual rainfall dis-
tribution can be found in Fig. 2, which shows an
isohyetal analysis of the median rainfall for the 73
short-term sites. More sites would be required to
adequately describe the full complexity of the
distribution for the whole State. However, the
marked influence of the westerlies and topogra-
phy can be readily seen. By far the heaviest annual
rainfall occurs on the western highlands, with a
secondary centre over the northeast highlands.
Lowest rainfall is observed in the rainshadow area
of the east/southeast inland.

Figure 3 shows median rainfall for each month
for the three broad regions. It can be seen that the
rainfall in the east is uniform through much of the
year, but has a slight increase during winter and a
decrease between December and February. The
seasonal effects are much more pronounced for
the other regions, with a winter maximum in the
north, and a spring maximum in the west. The
decline in rainfall from December to February is
also evident for these regions.

Table 1. Highest, mean and lowest correlation coeffi-
cients, between the rainfall anomalies for indi-
vidual sites and the average for each region,
for: (a) regions 1-9; (b) north, east and west

regions.
(a) Region Lowest Mean Highest
1 .84 91 .95
2 .93 95 97
3 .88 91 .93
4 .87 91 95
5 .86 .93 97
6 .82 90 - 94
7 .87 .92 94
8 .92 94 .97
9 .84 91 .95
(b) Region Lowest Mean Highest
North .69 .83 91
East 71 .84 92
West .86 .93 97
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Fig.2 Isohyetal analysis of median annual rainfall
(mm), 1961-1990.
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Fig. 3 Median rainfall (mm) for each calendar month,
for group-averaged rainfalls, 1961-1990.
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Periodicity

The rainfall spectra are shown in Fig. 4, with
appropriate red noise spectra (lower dashed lines)
and relevant 95 per cent confidence limits (upper
dashed lines). Peaks corresponding to the annual
cycle are evident for the north and west regions,
though the latter is not significant (at the 95 per
cent level). These results are consistent with the
strong seasonal effect evident in Fig. 3. There is a

distinct absence of the annual cycle in the spec-
trum for the east region, but a significant oscil-
lation is evident at about five years. In fact as a
result of the coarse frequency resolution, this peak
corresponds to a range of about 3.6 to 10.7 years.
A similar peak for the north region is not signifi-
cant for the raw rainfall data, but it can be seen in
Fig. 5 that if the annual cycle is removed it
does become significant. Similarly, a broad peak

.around 2.7 years for the west region becomes

significant when the annual cycle is removed.
Bearing in mind the resolution of the analysis, this
is not inconsistent with the presence of a quasi-
biennial oscillation (QBO). As might be expected,
the spectrum for the east region remains virtually
unchanged with the removal of the annual
cycle.

Drosdowsky (1993a) divided Australia into
eight rainfall regions, one of which (S7) covered
Tasmania and parts of Victoria. In Drosdowsky
(1993b), spectral analysis of rainfall data for the
S7 region revealed a marked quasi-biennial peak,
consistent with that found in this study for the
west region.

Trends

Figure 6 shows the time series plot of annual rain-
fall for the three regions over the period 1910-
1990. The heavy lines are lines of least squares fit.
Little, if any, trend is evident for the north and
east, but there are ‘wet’ periods around the 1950s
and 1970s. These wet periods have been noted by
Srikanthan and Stewart (1991), who found no
significant trend in Tasmanian rainfall during the
period 1910-1990. It should be noted that their
rainfall was a composite of sites in the east and
north regions of Tasmania.

The plot for the west does show some decline
overall. At first glance this would appear to
contradict the findings of Pittock (1983), who
observed an increase in autumn rainfall for west-
ern Tasmania from the period 1913-1945 to the
period 1946-1974. However, a closer examin-
ation of Fig. 6 shows that the decline shown by the
heavy smoothing is largely a result of a decrease in
rainfall during the late 1970s and 1980s. The
smoothing masks Pittock’s observed increase,
which can still be discerned in the unsmoothed
annual values.

Each of the time series plots for 1961-1990
(Fig. 7) shows a broad peak near 1970, with a
general decrease during the last twenty years.
Over the period 1968-1990, results from Mann-
Kendall and Spearman tests (WMO 1966) for the
west region are significant at the 95 per cent level,
as are results from the Spearman test for the north
region. If the period 1969-1990 is considered
instead, test results for the west and north
decrease in significance, but those for the east
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Fig.4 Spectra for group-averaged rainfall, 1961-1990
(represented by solid lines). For each region, the
lower dashed line indicates the appropriate red
noise spectrum, while the upper dashed line is the
relevant 95 per cent confidence limit.
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reflects
period,

the sensitivity of the tests to choice of
but does support the evidence for a

decrease in rainfall during the last twenty years.
Transformed anomaly data were used to test

Fig.5 As for Fig. 4, but for rainfall with annual cycle
removed.
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the observed decrease on a seasonal basis. For the
period 1968-1990, the tests showed that the
decrease is significant at the 95 per cent level
during autumn for the north region and during
autumn and winter for the west region.
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Fig. 6 Time series plot of group-averaged annual rain-
fall, 1910-1990. Heavy lines are lines of least
squares fit.
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Results of correlations between MSLP anomalies
and rainfall anomalies for the simultaneous
season and the following one season (lagged + 1)
are given in Table 2, based on the years 1961-
1990. Significance levels are provided in the form
of p-values (to three decimal places).
Simultaneous correlations are negative and are
generally highly significant for the three rainfall
regions during all seasons, with the exception of
those between Hobart MSLP anomalies and
the north and east regions during summer, and
between Hobart MSLP anomalies and the east
region during spring. However, lagged correla-
tions between MSLP anomalies and rainfall
anomalies are not significant.

Fig. 7 Time. series plot of group-averaged annual rain-
fall, 1961-1990. Heavy lines are lines of least
squares fit.
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The negative correlations between MSLP
anomalies and rainfall anomalies are not unex-
pected. In general, high pressure is associated with
reduced rainfall, and low pressure with enhanced
rainfall. These results are similar to those found
elsewhere; such as Allan and Haylock (1993), who
found a strong inverse relationship between Perth
MSLP and winter rainfall over southwestern
Australia.

The differing results for Melbourne and Hobart
MSLP during summertime suggest that the

. relationship with rainfall anomalies is not simple,

and that the location of pressure systems is

important.

Table 2. Simultaneous, and lagged (41 season), correlation coefficients between Melbourne and Hobart MSLP
anomalies for given season, and rainfall anomalies; p-values are in brackets. (Period: 1961-1990.)

Simultaneous Lagged (+ 1 season)

North East West North East West
Summer —.52 -.63 —-.57 —-.25 -.29 —.18
(.004) (.000) (.001) (.185) (.130) (.342)
Autumn —.68 —.54 —.48 —.15 —.00 —.37
, ) (.000) (.002) (.007) (.430) (.982) (.042)
Melbourne Winter ~ .84 Z7 .57 29 +.04 ~.04
(.000) (.000) (.001) (.121) (.845) (.827)
Spring =.75 —.65 —.57 —.16 —.11 +.18
(.000) (.000) (.001) (.402) (.553) (.340)
Summer —0.9 —.20 —.74 -.39 -.25 —.34
(.625) (.289) (.000) (.036) (.189) (.068)

Autumn —.52 -.34 —.88 +.04 +.15 —-.21
Hobart (.004) (.063) (.000) (.832) (.418) (.265)
obar Winter —.83 —.62 -2 ~.36 +.01 —.19
(.000) (.000) (.000) (.047) (.968) (.308)
Spring —.61 —.28 —.85 +.15 +.11 +.25
(.000) 127 (.000) (.430) (.587) (.193)







