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An examination of tropical cyclone activity near the Western
Australian coastline during the cyclone seasons from 1960/61 to
1996/97 inclusive showed distinct seasonal and regional characteristics
consistent with variations in the average value of the Southern
Oscillation Index (SOI) during the months prior to the cyclone season,
as well as changes in the average SOI value from the previous year.
Important findings of this study were: an overall increase in tropi-
cal cyclone frequency (and coastal impacts) with strong positive SOI
values; a greater number of coastal impacts when the SOI value was
positive together with a large positive SOI change; a large increase in
probability of early season (prior to Christmas) activity with positive
SOI; and a preference for more late season (April/May) events to occur
following negative SOI years. Although there were fewer tropical
cyclones in the negative SOI years, a higher percentage of these were
severe. As a result the number of coastal impacts by severe tropical

cyclones was similar following both positive and negative SOI years.

Introduction

Each day natural resources valued at around A$20 mil-
lion are mined in the Pilbara region (see locality map,
Fig. 1). Extensive exploration for mineral resources and
development of mining infrastructure is ongoing. All of
these activities are highly sensitive to a tropical cyclone

impact, and special warning arrangements are in place -
for industries to ensure that timely preparations can be

carried out in the event of a tropical cyclone threat.
Through the 1980s, rumours of the nature of the
coming tropical cyclone season were always rife in the
lead-up to each season. There was also much interest in
the likelihood of pre-Christmas tropical cyclones
because work cycles and community preparedness
activities are tied into a pattern that encompasses the
Christmas holiday period. Hence guidance on the like-
lihood of pre-Christmas tropical cyclones was eagerly
sought. Another demand came from the pastoral indus-
try. As much of the rain in the Pilbara and Kimberley
regions (commonly called the Northwest or northwest
Australia) is caused by tropical cyclones, some knowl-
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Fig. 1

Map showing location of places referred to in the
text.
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edge of likely cyclone activity in the coming wet season
can aid pastoralists with their planning.

The pioneering work of Nicholls (1979, 1984, 1985)
provided the Bureau of Meteorology's Perth Regional
Office with a basis for providing a tropical cyclone out-
look service for northwest Australia. Nicholls (1979)
showed that enhanced (reduced) tropical cyclone activity
in the Australian region (105°E-165°E) followed low
(high) values of Darwin pressure in the months leading up
to the cyclone season. Later studies by Nicholls
(1984,1985) confirmed that Australian seasonal tropical
cyclone activity is related to the El Nifio-Southern
Oscillation phenomenon. Other studies also show the
links between the Southern Oscillation and tropical
cyclone activity in the Australian region. Examples
include Revell and Goulter (1986), Hastings (1990) and
Evans and Allan (1992).

From 1986 onwards, confidential outlooks for the
coming season were provided to key members of the
mining industry in the Pilbara. A prediction of a late
start to the 1987/88 tropical cyclone season and a below-
average number of cyclones during that season (based
on higher pressures at Darwin during the winter of
1987) proved reliable.

In the spring of 1988, in the knowledge of a return to
lower pressures at Darwin and encouraged by the suc-
cess of the earlier outlooks provided to industry, it was
decided to make public the outlook for the 1988/89 sea-
son. This occurred during the annual pre-season educa-
tion and publicity tour of the Northwest conducted in
October/November 1988. The outlook of a high proba-
bility of above-average tropical cyclone activity and a
high likelihood of a coastal crossing before Christmas
received much media and public attention. Severe trop-
ical cyclone llona crossed the Pilbara coast near
Dampier on 16 December 1988 and the outlooks gained
immediate credibility and acceptance in the minds of
people in the Northwest.

Nicholls (1992) tested the performance of his earlier
results using data from the tropical cyclone seasons
from 1979/80 to 1990/91. He found that the relationship
between the Southern Oscillation Index (SOI) and trop-
ical cyclone numbers had been confounded by apparent
changes in tropical cyclone numbers, including a secu-
lar drop in tropical cyclone numbers after 1986 that was
not associated with a corresponding decrease in the SOI.
He was able to show that by using the first differences
of SOI values (i.e. changes from year to year), and first
differences of tropical cyclone numbers, the effects of
the secular change in tropical cyclone numbers could be
reduced and that these differences were more strongly
and consistently related than the absolute SOI values
and tropical cyclone numbers.

This study looks specifically at tropical cyclone activ-
ity off the coast of Western Australia and tropical cyclone
impacts on the Western Australian coastline rather than

the Australian region as a whole. It explores the relation-
ship between the year-to-year, intraseasonal and regional
variations with the SOI values during the months preced-
ing the tropical cyclone season. The conclusions are
designed to assist with preparation of the annual tropical
cyclone season outlook for northwest Australia.

Data and methods

Details of tropical cyclone centre locations and central
pressure estimates as well as monthly values of the SOI
were obtained from the Bureau of Meteorology's
National Climate Centre. Tropical cyclones within the
region 105°E-130°E and south of 10°S with central
pressure of 996 hPa or less were selected from the
cyclone database for the period 1960/61 to 1996/97.
Although ‘best track’ data were available since 1910,
the post-1960 period was chosen since this era encom-
passes meteorological satellite data when the confidence
in detecting a tropical cyclone away from the Western

“Australian coastline and estimating its intensity

increased significantly. This is consistent with the find-
ings of Holland (1981). A tropical cyclone impact on
the Western Australian coast was defined to be an event
that produced at least gale-force winds on the coast. A
severe tropical cyclone was defined to be one that had a
central pressure of 970 hPa or less at some time during
its lifetime. This central pressure value typically corre-
sponds to winds of hurricane strength. Similarly, a
severe tropical cyclone impact was defined to be one
with central pressure on the coast estimated to be 970
hPa or less.

Trenberth (1976) used three-monthly mean values of
the SOI to eliminate short-period fluctuations of the SOI
unrelated to the Southern Oscillation (SO). Three-month
means of the SOI have also been used by Nicholls (1979,
1992), Rimmington and Nicholls (1993) and others. In
this study, three-month means of the SOI for the period
July to September each year are used, and the values
obtained are given the term ‘SOI value’. First differ-
ences of the SOI values were also calculated (i.e. the SOI
value from last year was subtracted from the SOI value
in the current year) in order to examine how changes in
the SOI value may also relate to tropical cyclone activi-
ty. These are referred to as the ‘SOI trend’.

The approach used was similar to that adopted by
Rimmington and Nicholls (1993) who correlated wheat
yields in Australia with three-month SOI values near the
time of sowing and the SOI trend (i.e. the change in the
SOI value over the preceding 12 months). The distinct
modal changes in the SO typically occur during the
southern hemisphere late summer/autumn period, and
subsequent winter/spring values of the SOI are general-
ly more stable. Hence it was considered sufficient to
examine the links between tropical cyclones and the
July-September SOI value and the SOI trend.
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Another approach was demonstrated by Zhang and
Casey (1992) who examined the relationship between
phases of the SO and Australian rainfall. A similar
approach regarding the relationship between phases of
the SO and tropical cyclone occurrence near Western
Australia was not considered in this study, although it
may be investigated in the future.

Results and discussion

Seasonal frequency of tropical cyclone events in rela-
tion to SOI values and SOI trends

The strength of the relationships between SOI values and
tropical cyclone numbers discussed by Nicholls (1992)
was tested for the northwest Australian tropical cyclone
dataset. Table 1 lists correlations including those

Table 1. Correlation between first differences of SOI val-
ues and first differences of seasonal tropical
cyclone numbers, and correlation between SOI
values and actual cyclone numbers. (All are sig-

nificant at 5 per cent.)

Period Differences ' Cyclone numbers
1959/60-1990/91 0.72 0.58 (Australian region)
(Sept/Nov SOI) (Nicholls, 1992)
1960/61-1990/91 0.40 0.32 (NW Australia)
(Sept/Nov SOI)

1960/61-1996/97 0.33 0.28 (NW Australia)

(Jul/Sept SOI)

Fig. 2 Cyclone numbers versus SOI value and SOI difference (SOI trend): (a) for all cyclones; (b) for all coastal impacts;
(¢) for pre-Christmas cyclones; and (d) for pre-Christmas coastal impacts.
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achieved by Nicholls (1992) for comparison. The corre-
lations between SOI trends and first differences of sea-
sonal tropical cyclone numbers off Western Australia are
also stronger than those between SOI values and actual
seasonal tropical cyclone numbers. However the corre-
lations for the Australian region are significantly stronger
than those for the Western Australian region. This is
most likely due to the smaller number of tropical cyclone
numbers per season and hence the greater impact on the
correlation due to anomalous seasons (Neville Nicholls,
personal communication).

An examination of a plot of the SOI values and the
SOI trends against tropical cyclone numbers in each of
the 37 seasons (Fig. 2(a)) shows a tendency for the more
active seasons to occur when both the SOI value and the
SOI trend are positive. However two active seasons in
1972/73 and 1993/94 (seven events in each) occurred
with significantly negative SOI values (-14.1 and -10.8
respectively). Figure 2(b) identifies a tendency for the
seasons with the highest number of coastal impacts to
occur with positive SOI values together with large pos-
itive SOI trends. It is also interesting to note that all of
the seasons with large negative SOI trends had either
two or three coastal impacts.

The graphs of early-season (pre-Christmas) tropical
cyclones (Fig. 2(c)) and early-season coastal impacts
(Fig. 2(d)) clearly show a strong preference for these
events to be associated with both positive SOI values
and positive SOI trends.

Intraseasonal variability

The SOI values were ranked in ascending order and
divided into three groups of eight corresponding to the
most negative SOI years, the most positive SOI years,
and the years when the SOI values were closest to zero.
These are shown in Table 2. The relationship between
SOI values and the intraseasonal variability of tropical
cyclone numbers was examined by looking at tropical

Table 2. Ranking of eight years each of most positive,
nearest zero and most negative SOI values.

Positive SOI years  Zero SOI years  Negative SOl years

(SOI value) (SOI value) (SOI value)
1975 (+21.4) 1968 (+1.6) 1993(-10.8)
1988 (+15.4) 1961 (+1.0) 1977(-12.1)
1964 (+11.7) 1983 (+0.8) 1976(-12.6)
1971 (+10.8) 1966 (+0.3) 1972(-14.1)
1973 (+10.6) 1992 (-1.6) 1987(-14.6)
1974 (+10.3) 1980 (-1.8) 1965(-16.1)
1981 (+7.6) 1990 (-2.4) 1994(-17.5)
1996 (+6.3) 1963 (-2.9) 1982(-21.4)

Fig. 3 Seasonal distribution of cyclones for positive,
near zero and negative SOI values.

Number of Cyclones

Positive SOI
Early-Season

‘cyclone occurrences in each of the three SOI value cat-

egories. The tropical cyclone season was divided into
three time periods defined as early-season (pre-
Christmas), mid-season (Christmas to end of March)
and late-season (April and May).

A graph of the seasonal distribution of tropical
cyclones in these categories is shown in Fig. 3. In the
negative SOI years there were 33 tropical cyclones in
the eight seasons. The frequency distribution of tropical
cyclone numbers was skewed towards the later part of
the season. In the years when the SOI was near zero
there were 31 events. These events were approximately
normally distributed. In the positive SOI years there
were 42 tropical cyclones. In contrast to the negative
SOI years the distribution of events for the positive
years was skewed towards the early part of the season
with 11 tropical cyclones in that period compared to
only two late season tropical cyclones.

Table 3 lists correlations between the SOI values and
tropical cyclone numbers for the different periods of the

Table 3. Correlations between first differences of SOI val-
ues and first differences of cyclone numbers and
correlations between SOI values and actual
cyclone numbers for various periods of the
cyclone season. Correlations in italics are signif-
icant at five per cent.

Differences TC numbers
Whole season 0.33 0.28
Early season 0.65 0.54
Mid season 0.20 0.22
Late season -0.34 -0.42
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tropical cyclone season. The strongest correlations occur
in the early-season. Mid-season correlations were weak
and not significant at the five per cent level. A signifi-
cant negative correlation was evident in the late-season.

Regional variations

Tracks of the tropical cyclones that occurred in each of
the three SOI value categories for each of the stages of
the tropical cyclone season are shown in Fig. 4. Figure
4(a) clearly shows the higher frequency of early-season

Fig. 4(a) Tracks of early-season tropical cyclones for posi-
tive SOI values (top), near zero SOI values (mid-
dle), and negative SOI values (bottom). Circles
denote tropical cyclone genesis locations. Filled
circles indicate that the tropical cyclone reached
severe intensity for a period during its lifetime.
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events for the positive SOI years when the whole of the
northwest coast is at risk from a tropical cyclone impact.
However, when the SOI value was near zero or negative
the early-season coastal impacts were confined to the
west Kimberley region. In the mid-season period (Fig.
4(b)) there appears to be a preference for tropical -

cyclones to travel further southwards along the west

coast as SOI values increase. Late in the season (Fig.
4(c)) there were more tropical cyclone events that
threatened the southern part of the west coast for the

Fig. 4(b) As for Fig. 4(a) except tracks are mid-season
events.
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Fig. 4(c) As for Fig. 4(a) except tracks are late-season
events.
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near zero and negative SOI values. The preference for
late-season events with negative SOI values has impli-
cations for the more heavily populated southwest parts
of Western Australia. This is a period when the region
is most vulnerable to impact from a so-called ‘cyclone
capture event’ (Foley and Hanstrum 1994).

Sevefity of tropical cyclones

The intensity of the tropical cyclones in each of the three
SOI categories was also examined. Table 4 shows that
although there were more tropical cyclones in the posi-
tive SOI category the percentage .of severe tropical

Table 4. Numbers of tropical cyclones and severe tropical
cyclones for the three categories of SOI value.

AllTCs  Severe TCs All Severe

impacts impacts
Positive SOl 42 16 22 9
Near zero SOI 31 14 12 5
Negative SOI 33 20 15 9

cyclones in this group (38 per cent) was less than for the
negative SOI category (61 per cent). A chi-squared test
of the difference between these two proportions was sig-
nificant at the 90 per cent level, but not quite at the 95
per cent level. It also shows that although more coastal
impacts occur with positive SOI, the number of severe
coastal impacts was the same for both positive and neg-
ative SOI values.

The larger percentage of weaker tropical cyclones in
the positive SOI years may be explained by changes in
the broadscale circulation patterns over Australia asso-
ciated with contrasting phases of the SO. Williams
(1987) investigated the strength and nature of the rela-
tionship between the SOI and the upper tropospheric
variables of wind and geopotential height across
Australia on a month-by-month basis. The results show
that in the strongly positive SOI years the low-level
(high-level) westerly flow (easterly flow) over northern
Australia is considerably stronger than in the negative
SOl years. This implies that the deep tropospheric shear
in these years is greater, thereby reducing the potential
for tropical cyclone intensification.

Summary of findings

An analysis of the relationship between tropical cyclone

events off northwest Australia and tropical cyclone

impacts onto the Western Australian coastline and the

SOI value and SOI trend prior to the season in the peri-

od from 1960/61 to 1996/97 revealed the following

characteristics:

(a)an increase in tropical cyclone frequency (and
coastal impacts) with strongly positive SOI values;

(b)a greater number of coastal impacts when the SOI
value was positive together with a large positive SOI
trend (greater than +10);

(c)two to three coastal impacts whenever there was a
large negative SOI trend;

(d)a marked increase in the number of early-season
(pre-Christmas) tropical cyclones with both positive
SOI values and positive SOI trends. (The strongest
correlations between SOI values and SOI trends are
with early-season tropical cyclone activity.);
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(e) more late-season tropical cyclones with negative SOI
values than with positive SOI values;

(f) the early-season tropical cyclone impact zone
includes both the Kimberley and Pilbara coasts when
SOI values are positive, whereas it is confined more
to the Kimberley coast with near zero and negative
SOI values;

(g)there is insignificant correlation between mid-season
tropical cyclone activity and the SOI values;

(h)a higher percentage of severe tropical cyclones with
negative SOI values (61 per cent) compared to those
with positive SOI values (38 per cent); and

(i) the chances of a severe tropical cyclone coastal
impact are about the same with both positive and
negative SOI values.

This study has tailored previous work on the rela-
tionship between the SOI prior to the season and tropi-
cal cyclone numbers in the Australian tropics by
focussing specifically on tropical cyclones off northwest
Australia and on tropical cyclone impacts onto the
Western Australian coastline. The results provide a
basis for the preparation of an annual tropical cyclone
season outlook for northwest Australia.
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