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On the climatology and structure
~ of tropical cyclones in the
Australian/southwest Pacific
region: I. Data and tropical storms

| Greg J. Holland*, Department of Atmospheric Science,
Colorado State University
(Manuscript received March 1983; revised October 1983)

A recently established environmental and tropical cyclone data set, and compositing
methodology for the Australian/southwest Pacific region is described. A quantitative
discussion is then presented on some climatological and structural features of those
tropical cyclones which were of less than hurricane intensity. Emphasis is placed on
the types of environment/tropical cyclone interaction during development and decay.
It is suggested that low-level interactions dominate the early development stage; but
that decay or further intensification to the hurricane stage is largely dictated by in-
teractions in the upper troposphere.

Two companion papers examine the climatology and structure of hurricanes and major
hurricanes, together with their environmental interactions and the effects of the
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Australian continent.

Introduction

Since the landmark 1956 Brisbane Tropical Cyclone
Symposium (Bureau of Meteorology 1956) con-
siderable effort has been devoted to examining and
documenting various features of tropical cyclones in
the Australian/southwest Pacific region. As we have
outlined in Holland (1983a) diverse characteristics
ranging from storm surge to rainfall observations,
and from small severe hurricanes to vortex pairs
across the equator, have been described by a number
of authors. Despite such efforts, however, our
knowledge of the important features of and processes
in these cyclones has remained quite patchy. This. has
largely been due to a lack of adequate data in the
cyclone vicinity; in all cases chance observations have

provided tantalising glimpses of different:

characteristics but insufficient data have been
available to adequately describe the entire cyclone.

In this and two companion papers (Holland 1983b,
1983c; hereafter labelled H2, H3), we present the
results to date from a project aimed at overcoming
some of these deficiencies. This collaborative pro-
ject between Colorado State University and the

* Permanent affiliation: Head Office, Bureau of
Meteorology, Melbourne

Australian Bureau of Meteorology has involved the
collection of all available tropical cyclone and synop-
tic data in the Australian/southwest Pacific region,
together with the adaptation and extension of Pro-
fessor Gray’s compositing methodology.

In the following sections we describe these data
and the compositing methodology. We also present
some climatological features of tropical cyclones
which did not reach hurricane intensity throughout
the region and discuss the structure of developing
and non-developing tropical storms over the
southwest Pacific. The climatology and structure of
hurricanes, together with systems just off the
Australian coast, is presented in H2, and H3 con-
tains similar information on major hurricanes in the
Australian region.

Definitions
The following terms have specific meanings in this
and the two companion papers (H2, H3).
Core region: the region within 200 km of the
cyclone centre.

Inner circulation: the region within 300 km of the
cyclone centre.
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Outer circulation: the region 300-800 km from the
cyclone centre.

Following the suggestion by Gray (personal com-
munication 1982) and Merrill (1982), we also separate
the tropical cyclone structure into three modes: in-
ner core intensity (which we shall simply refer to as
intensity), strength and size. These are illustrated in
Fig. 1 as changes from an initial profile. Intensity
is defined by the maximum wind, or by the central
pressure if no maximum wind data are available.
Strength is defined by the average relative angular
momentum of the inner low-level circulation. Size
is defined by the axisymmetric.extent of gale force
winds, or by the outer closed isobar. '

Fig. 1 A schematic of the effects of intensity, strength and
size change on the radial profile of azimuthal winds
in a tropical cyclone.
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In the absence of any universal intensity classifica-
tion for Australian/southwest Pacific tropical
cyclones, we adopt the New Zealand tropical storm,
hurricane and major hurricane terminology. This dif-
fers from the Australian, Papua New Guinea and
French Territory terminology, but is similar to the
North Atlantic tropical storm, and hurricane class
1-5, and the northwest Pacific tropical storm,
typhoon and super-typhoon classification. For the
southwest Pacific, Revell’s (1981) hurricane and ma-
jor hurricane classification was used. But, because
- of the inherent uncertainties in intensity estimates,
all tropical cyclones of less than hurricane intensity
are simply referred to as tropical storms. For the
Australian region systems with central pressures bet-
ween 995 and 980 mb, less than 980 mb, and less than
950 mb are referred to as tropical storm, hurricane
and major hurricane respectively. This is consistent
with the maximum wind/central pressure relation-
ship in Dvorak (1975) and with the typhoon/super
typhoon definition of Frank (1976). .

The terms origin, maximum intensity and decay
also have specific meanings. Origin and decay are
used to describe the first and last points on a cyclone
track as defined by Lourensz (1981), Kerr (1976) or
Revell (1981) with the following exceptions: (a) a
cyclone which moves polewards of 30°S, or over
land, is considered to have decayed; (b) should a
cyclone move over land, decay to a monsoonal

depression, then move back over water and re-
intensify, it is given a new origin point at the coast.
Cyclones poleward of 30°S are removed to prevent
contamination of the data by extra-tropical systems,
a policy which is consistent with that adopted by
Lourensz (1981). The new land to sea ‘origins’ cor-
respond to the regeneration points defined by
McBride and Keenan (1982). Maximum. intensity is
that achieved by the cyclone throughout its entire
lifetime as a distinct system (i.e. regardless of move-
ment over land). -

Data

Tropical cyclone data

Even though tropical cyclone data are readily
available back to 1909 in the Australian region and
to 1939 in the southwest Pacific, much of the earlier
data are of intermittent quality. Hence, following
the recommendation in Holland (1981), we chose the
period 1958-1979 as containing the optimum length
of research quality data. Cyclone data for this period
were then obtained from four sources: (a) a magnetic
tape, prepared by R. Lourensz of the Australian
Bureau of Meteorology, containing Australian
region track data corresponding to that in
Lourensz(1977); (b) hard copy of post-analysed
Australian region track data from 1975-1979
(Lourensz, personal communication 1980; Neal, per-
sonal communication 1980); (c) Kerr (1976), which
contained tracks for southwest Pacific cyclones up
to 1969; and (d) hard copy tracks provided by C.
Revell of the New Zealand Meteorological Service
and which were used in preparing Revell (1981).

The Australian sources provided positions, cen-
tral pressures and flags to indicate coastal crossings,
over-water or over-land trajectories, and times of
minimum central pressures. Revell provided posi-
tions together with estimated times of transition to
and from tropical depression, tropical storm, and
hurricane. With few exceptions, only position data
and a rough separation of hurricanes and tropical
storms could be obtained from Kerr (1976).

These data were melded into a common format
and linearly interpolated, where necessary, to the
standard synoptic times of 0500, 1100, 1700 and 2300
GMT. On occasions when tracks from two sources
overlapped, the Australian data were used because
of their greater detail. Any extra New Zealand data
were then smoothly fitted to the ends of the
Australian tracks. Cyclone velocities were calculated
using centred differences with one-sided differences
at the track extremities.

After careful examination of the whole data set,
a few atypical systems were deleted; these atypical
systems included a couple of short-lived tropical
depressions which never intensified below 1000 mb,
extremely short-lived systems on the coast or at the
western edge of the Australian region, and a couple
of high latitude, late season, and seemingly extra-
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tropical systems. In a post-examination of the com-
pleted data set we also noted that hurricane Kerry
(1979), hurricane Hazel (1979) and the Flores Sea
cyclone (1972) were inadvertently omitted, and the
last couple of days of track were left off two cyclones
in the southwest Pacific. The final data set then con-
tained 363 cyclones of which 140 were estimated to
have reached hurricane intensity.

It must be emphasised that these data cover a
relatively short period of only 21 years. As a result,
the statistics presented herein must be used and in-
terpreted with care. For example, the hurricane oc-
currence analysis in Fig. 1 of H2 indicates that no
hurricanes have occurred in the vicinity of Bathurst
Bay, Queensland (15°S, 145°E). Indeed none have
occurred in the period 1958-1979, but this was a scene
of considerable destruction and loss of life follow-
ing the infamous Bathurst Bay hurricane (Whit-
tingham 1963).

Because of the lack of regular aircraft recon-
naissance, these Australian/southwest Pacific
cyclone data are not of comparable quality to those
from the northwest Pacific or Atlantic regions. It is
also difficult to provide an objective estimate of the
underlying cyclone intensity and positioning errors.
In Holland (1981) we examined the basic observing
systems over the Australian region, incorporated the
known radar, satellite etc.errors from other regions,
and used some simple tests to arrive at a best guess
for these errors. To summarise, our estimates were
that: cyclones within 500 km of the Australian coast
are accurately located to within 20-50 km; cyclone
positions more than 500 km from the coast are
generally in error by 50-100 km and occasionally
more s0; maxium winds are very poorly estimated;
and central pressure estimates are generally only just
acceptable and may be biased on the weaker side by
about 10 mb in the Coral Sea region. These results
are consistent with comparisons of ‘best track’ posi-
tions of northwest Pacific cyclones from different
agencies (Bell 1979).

Fortunately, we also concluded that the position
errors are considerably reduced whenever observa-
tions are available in the cyclone core region. Hence,
the inner circulation of the composites presented in
this study are probably only rarely affected by the
larger errors and, as Frank (1976) has noted, ran-
dom position errors of up to 100 km will have little
effect on the composite outside 400-500 km. Uncer-
tainties in the central pressure data are potentially
much more serious, particularly if the intensity trends
are wrong. We have made every effort to minimise
the impact of these errors in deriving the composite
stratifications used in this and the following papers.

Environmental data

All available archived regional wind and thermal data
for the period 1958-1979 were obtained from the
Australian Bureau of Meteorology, the New Zealand
Meteorological Service, the Malaysian

Meteorological Service and the US National Center
for Atmospheric Research. Unfortunately, data from
the Indonesian Islands, the French Pacific territories,
and Papua New Guinea since 1972, were not
available in such an accessible form. Some of these
data were, however, obtained from the Australian
Bureau of Meteorology, which has kept a real-time
archive of all traffic over the World Meteorological
Organization’s Global Telecommunication System
since 1972.

Except for some extra consistency checks on the
Australian data, all archived data were accepted as
being sufficiently accurate for our purposes. Their
quality control typically proceeds as follows: after
recording in the field the soundings are manually
recalculated and checked; they are then placed on
magnetic tape and subjected to a number of stan-
dard meteorological tests before archival. These tests
vary from simple checks of superadiabatic lapse rates
etc. to long-term checks on station bias.

The real-time data were not so easily accepted.
Aside from possible field errors, they contained con-
siderable coding errors and transmission line noise.
By devising a series of automated tests we were able
to recover about 70 per cent of these soundings.
Another 20 per cent were corrected manually and 10
per cent were beyond hope. Thus, we were able to
archive about 90 per cent of the real-time soundings,
though many have been truncated or have levels
missing.

A valuable feature of these Australian/southwest
Pacific data is that most stations make wind flights
four times daily, though thermal observations are
only made once daily. Hence we have compiled
separate wind-only and thermal data sets. The wind-
only set contains some 3 million flights from the 155
stations shown in Fig. 2. These flights were general-
ly made at or near 0500, 1100, 1700 and 2300 GMT
(2300 GMT varies from 0600 to 1400 Local Standard
Time (LST) across the region) and contained wind
velocities for 18 pressure levels: surface, 950, 900,
850, 750, 700, 600, 500, 400, 300, 250, 200, 150, 100,
80, 70, 60 and 50 mb. The thermal set contains
300 000 radiosonde soundings for the stations in Fig.
3. These soundings, which were generally taken at
2300 GMT, contain temperature, moisture, height
and wind velocity data at the same 18 pressure levels
as the wind-only set.

A complete listing of all stations and summary of
the procedures used in building the data sets may be
found in Gray et al. (1982).

Compositing methodology

Our basic philosophy is to composite observations
from a number of similar systems to increase the data
density to a level sufficient for detailed analyses and
budget calculations. The general technique follows
that described by Williams and Gray (1973) and
Frank (1976). To summarise, a cylindrical co-
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Fig. 2 The distribution of stations contained in the Australian/southwest Pacific wind-only data set.
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Fig. 3 The distribution of stations contained in the Australian/southwest Pacific thermal data set.
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ordinate system is located at the cyclone centre at
each time-period and the positions of all observa-
tions within 15 degrees latitude radius are derived.

The effect of balloon and cyclone motion during as-
cent are accounted for. As shown in Fig. 4 the
cyclone is then divided into octants and into a nested
radial grid at each pressure level. The average of all
observations in each grid box is then assigned to a
grid-point at the box centre. Outside 6 degrees
latitude radius a 2 degrees latitude resolution is main-
tained, with composite data at 6, 8, 10, 12 and 14
degrees latitude. Two nested-resolutions are used for
the inner grid: for winds, the grid-points are at 0.7,
2, 3, 4 and 5 degrees latitude radius; for thermal
parameters, a finer resolution of 0.7, 1 degree, then
every half degree, is used.

Fig. 4 Subdivision of the cylindrical co-ordinate system for
the compositing process. A single grid box is shad-
ed and the grid-point values represent the average
of all observations in each grid box.
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More complete details on the general techniques
may be found in Gray et al. (1982). In addition, we
have introduced a number of refinements and
modifications based on the collective experience of
the past few years. These include special statistical
and climatological techniques which reduce the
possibility of bias, remove extremes, and denote
suspect grid data. Complete details on these techni-
ques may be found in Holland (1983a, Chapter 3).

The amount of data used in each composite varied
according to our requirements. Some composites
describe the mean features of a particular system and
contain thousands of observations. Others were
made to examine a particular feature and thus con-

tain only a few hundred observations. Salient details
and quality estimates of all composites used in this
paper, and H2 and H3, may be found in Appendix
2 of Holland (1983a).

Tropical storm climatology

As noted previously, Australian region tropical
storms were selected as all cyclones with minimum
central pressures between 995 and 980 mb. East of
165 degrees we placed all cyclones, not defined as
hurricanes by Kerr (1976) and Revell (1981), in the
tropical storm category. This last categorisation is
not precise, and it has almost certainly left a number
of hurricanes under tropical storms. But it is the best
we can do with the available data.

Spatial distribution

These are presented in Fig. 5 in terms of the number
of days in which a tropical storm was present within
a five-degree latitude/longitude Marsden square cen-
tred on each cyclone (the spatial grid resolution is

Fig. 5 Tropical storm occurrence (days per 5° Marsden
square for the 1959-79 period) for the north/west
Australian and southwest Pacific regions. Stippling
indicates regions of no occurrence and dashed lines,
indicating intermediate 5-day isochrones, are used
for extra detail.
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one degree latitude/longitude). In terms of tropical
cyclone days, the highest frequency of tropical
storms occurs in the Gulf of Carpentaria with secon-
dary maxima in the Coral Sea and off the
northwestern Australian coast.

Three mechanisms seem to contribute to the strong
peak in the Gulf of Carpentaria. Firstly, the mon-
soonal trough extends across northern Australia for
much of the cyclone season; the warm Gulf waters
are thus in an optimum position to allow monsoonal
depressions to develop. Secondly, the proximity of
land on three sides ensure a relatively high-propor-
tion of tropical storms, since most intensifying
tropical cyclones cross the coast before reaching hur-
ricane intensity. And, thirdly, as we will show later,
these Gulf storms are also moving quite slowly (and
erratically); they thus affect a given place for a longer
time. The maximum off the northwest coast is a
reflection of the large proportion of cyclones which
track to the west/southwest, parallel to and just off
the coast in this region. We show in H2 that the
Australian continent has an indirect influence on this
preferred motion. The maxima in the Coral Sea arise
from the regular annual occurrence over these
tropical waters, particularly in the vicinity of the
South Pacific Cloud Band (Streten 1970) which ex-
tends southeastward from Papua New Guinea. The
eastward spread is more a result of intermittent years
in which large numbers of cyclones form over the
central South Pacific.

The origin, maximum intensity and decay point
distributions, in Fig. 6, show the major regulating
effect of the Australian continent. As Bureau of

Meteorology (1978) and McBride and Keenan (1982)
have noted, most tropical storms in the Western
Region originate on the monsoonal trough, which
is located over northern Australia (cf. Atkinson
1971). One-third of these systems also originate from
over land depressions. This provides the sharp max-

Fig. 6 Tropical storm origin, maximum intensity and decay
point distributions for the north/west Australian
and southwest Pacific regions during the period
1959-1979. Tick marks indicate median latitudes and
filled-in symbols .indicate multiple occurrence. ,
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