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On the quality of the Australian
tropical cyclone data base

G. J. Holland*, Head Office, Bureau of Meteorology, Melbourne
(Manuscript received March 1981; revised August 1981)

An overview of the quality of the tropical cyclone data from 1909 to 1979 is

presented. The uncertainties in cyclone occurrence, coastal crossings, location

and intensity are examined for different eras and regions and the general
accuracy of estimates of these parameters is indicated.

Introduction

Written records of tropical cyclones in the
Australian region go back to 1789 and individual
accounts of these early experiences can be found
in Reid (1838), Dobson (1853), Piddington
(1855) and FitzRoy (1863). However, the records
prior to 1900 are only of historical interest
because of the lack of a consistent definition of a
tropical cyclone; as noted by Newnham (1922), it
was accepted practice to report every gale as a
‘hurricane’. The first definitive climatology of
tropical cyclones was by Visher and Hodge (1925)
and subsequent climatologies are continued in
HM  Hydrographic = Department  (1938),
Meteorologisch Instituut  (1949), Giovanelli
(1952), Hutchings (1953), Brunt and Hogan
(1956), Gabites (1956), Giovanelli and Robert
(1964), Brunt (1969), Gray (1968, 1975),
Ramage (1970), Atkinson (1971), Gentilli
(1971), Coleman (1972), Dobson and Stewart
(1974). Lourensz (1977) presents the results of a
detailed and comprehensive reappraisal of all
available data in the Australian region from 1909
to 1975.

There is hence an abundance of data on tropical
cyclones in the Australian region. But how good
are these data for research purposes? This paper is
an attempt to answer this question.

The tropical cyclone data are only as good as
their concomitant observing systems and analysis
techniques. An outline of the evolution of these
in the Australian region shows that both have
changed considerably since 1909. The impact on
the quality of the cyclone data is discussed and
quantified with some statistics based on the
Lourensz (1977) data and the results of an
experiment in determining location and central
pressures of cyclones from surface data alone

(Appendix). Particular emphasis is given to
estimates of cyclone occurrence, coastal
crossings, locations, and intensities. No attempt is
made to enumerate the very few cyclones for
which irrefutable data are available, only the
general features of cyclone families occurring in
distinct eras and regions are described.

Following Lourensz (1977), the Australian
region is defined by the area 105-165°E and
equator-32°S, as shown in Fig. 1, and is divided
into two equal regions: 105-135°E (Western
Region) and 135-165°E (Eastern Region). Before
1975, a tropical cyclone is defined as any system
which appears in Lourensz (1977), and since
1975, as any system for which an official warning
was issued (i.e., surface wind speeds exceeding
17 m/s near the centre).

Evolution of the Australian
observing and analysis
systems

A considerable and accelerating change has occur-
red in observations, and the accompanying
analysis techniques, since 1909; as can be seen by
the list of major milestones in Table 1. An outline
of these developments follows.

From 1909 to 1939 there was a gradual increase
in the number of surface observations, though
Willis Island and occasional ships provided the
only oceanic observations. Australian regional
analyses increased from one to two per day and
routine analyses commenced at Darwin, Perth
and Brisbane.

An abrupt change in observations and analysis
schemes occurred after the outbreak of hostilities
in the Second World War. The surge in air and sea

* Present afliliation: Department of Atmospheric Science, Colorado State University, Fort Collins, Colorado.
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Fig. 1 The limits of the Australian region adopted for discussion and the routine surface observing network in 1979.
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Table 1. Some milestones in observing and analysing tropical cyclones in the Australian region.

1909 Start of Lourensz.data set

1938 First upper wind observations

1939 Second World War

1943 First radiosonde ascents

1954 Weather-watch radar observations commenced

1956 Brisbane Tropical Cyclone Symposium

1960 Experimental satellite observations made

1966 Routine visual satellite observations began

1966 First automatic weather station installed

1966 Change over to WF44 radars commenced

1968 Objective satellite interpretations of intensity started
1972 Routine infrared satellite observations commenced
1978 Geoslationary satellite observations began

1979 First complete aircraft reconnaissance, tropical cyclone Kerry

traffic to the north resulted in a marked increase
in ad hoc observations over the open ocean; and
the concepts, and analysis of weather systems in
general were radically changed by the many
meteorologists who moved into the tropics to sup-
port the wartime operations.

The first upper-wind observations were taken at
Launceston in 1938 and the network expanded
steadily, then rapidly till 1951. There has not been
much change since, though the subsequent
changeover from an initial pilot balloon (using
visual or radio theodolites) to an almost entirely
rawind network has greatly increased the fre-
quency and quality of upper-level observations.

Radiosonde observations commenced in 1943
and the number of stations gradually increased up
to the early 1970s. Oil exploration on the north-
west shelf, the installation of automatic weather
stations on coral cays and islands from 1966
(Table 2), and the increasing international avia-
tion and sea-going traffic since the war, have
greatly increased the density of oceanic data. But
unfortunately (for the meteorologist) concomi-
tant improvements in locating and forecasting tro-
pical cyclones, and the increasing use of weather
radar for navigation, have led to a proportional
decrease in cyclone observations; as ships now
sail well clear of these areas.
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A 277 weather-watch radar began operations at
Lord Howe Island in November 1954 and was
soon followed by a number of other radars in cyc-
lone-prone areas of the east coast and at Darwin.
As shown in Table 3, these were replaced by
Plessey WF44s in the early 1970s and additional
radars were installed on the east and west coasts,
culminating in the Cape Range radar in August
1978. The reader should consult the relevant
manufacturer’s specifications for complete details
on these radars, but briefly: the 277 was a Scm
upper-wind observation and weather-watch radar,
with weather-watch capabilities limited by
attenuation in heavy rainfall, the SNW51 and
CR353 were simple 3 cm radars used mainly for
upper-wind observations and had limited
weather-watch capabilities; the WF44 is a
sophisticated 10 cm radar with excellent weather-
watch capabilities. It should be noted that the
Bureau of Meteorology also operates a number of
upper-wind observation radars without weather-
watch capability (not listed here).

The present routine observing network is
shown in Figs 1 and 2 and the approximate range
circles in Fig. 2 give an indication of the max-
imum distance at which a weather-watch radar
can detect the deep convection associated with
tropical cyclones. In addition to the routine sur-
face observations shown in Fig. 1, each Tropical

Cyclone Warning Centre can call on a large num-
ber of local observers for special observations in
the vicinity of a cyclone. The 1950 network may
be estimated by removing the radar coverage
(Fig. 2) and automatic weather stations (Fig. 1).
In 1930 there were no upper-air stations and only
about 50 per cent of the surface stations in Fig. 1
had been established. However, there was an
extensive rainfall and climate station network,
shown in Fig. 3, which could provide documenta-
tion of landfalling cyclones.

TIROS 1 made the first satellite observation of
an Australian tropical cyclone (over the Coral
Sea) in April 1960, just ten days after launch. Sub-
sequently, occasional, then an increasing fre-
quency of observations were received from the
TIROS and early NIMBUS series but regular
observations awaited the launching of the ESSA
satellites in February 1966; these were visible
channel and sunsynchronous at about 1000 local
standard time (LST). The active lives of all
satellites taking observations over the Australian
region since 1968 are shown in Fig. 4. Some
observations in the infrared spectrum were
received in the late sixties and regular 0900 and
2100 LST observations were obtained from the
NOAA series after late 1972. The geostationary
Japanese satellite, GMS, now makes regular
three-hourly observations, and one hourly on
special request.

Fig. 2 Routine coastal upper air and weather-watch radar observing network in 1979.
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Table 2. Installation dates and locations of automatic weather stations (three-hourly reports) in
cyclone areas of the Australian region.

Date Station Latitude Longtitude
Oct 1966 Cato Island 23° 15 155° 32
Apr 1968 Cape Wessel 11° 01’ 136° 43
Oct 1968 Frederick Reef 20° 57 154° 25’
Apr 1969 Browse Istand 14°07 123° 32’
Sep 1969 Marion Reef 19° 06’ 152°23%
Dec 1969 Port Keats 14° 14/ 129° 27
Jun 1970 Rowley Shoals 17° 30 118° 54’ A
Jun 1970 Flinders Reef 17°43 148° 27
Sep 1970 Scott Reef 14°03' 121° 48’
Nov 1970 Lihou Reef 17°07 152° 01’
Aug 1971 Bathurst Island 11° 50’ 130° 03’
Nov 1971 North East Island 13° 39’ 136° 57
May 1972 Adele Istand 15° 30 123° 09
Jun 1972 Creal Reef 20° 32 150° 23’
Jul 1972 Gannet Cay 21°57 152° 28’
Sep 1972 Holmes Reef 16° 29’ 147° 53’

Table 3. Installation dates, positions, and types of weather-watch radars in cyclone areas of the
Australian region.

Date Station Latitude Longitude Radar type
Nov 1954 Lord Howe Island 31°3r 159° 05’ 277
Aug 1955 Brisbane 27° 26’ 153° 05’ 277
Aug 1955 Perth 31°56' 115° 58" 277
Dec 1955 Townsville 19°15' 146° 46' 277
Nov 1957 Gladstone 23°51’ 151°16' 277
Oct 1958 Darwin 12°25' 130° 53’ 277
Sep 1959 Mackay 21°07 149° 13’ 277
Oct 1960 Cape Byron 28° 38’ 153° 38' SNWS51
Jan 1961 Cairns 16°53' 145° 45’ SNWs1
Oct 1962 Saddle Mountain 16° 49’ 145° 41’ CR 353
Jun 1963 Sydney 33°52 151°12 SNWS51
Nov 1966 Sydney Airport 33° 56’ 151° 11 WF44
Jun 1967 Port Hedland 20°2% 118° 38’ WF44
Oct 1967 Port Moresby 9° 26’ 147° 13’ WF44
Jul 1968 Brisbane 27°26' 153°05' WF44
Sep 1968 Darwin 12°25' 130° 53’ WF44
Sep 1971 Mackay 21°07' 149°13' WF44
Oct 1971 Mt Stuart 19°21' 146° 47" WF44
Apr 1972 Gladstone 23°51' 151° 16’ WF44
Jul 1972 Perth 31°56' 115°58' WF44
Sep 1974 Mt Kanigan 25° 58’ 152° 35’ WF44
Oct 1975 Broome 17°57 122°13' WF44
Aug 1978 Cape Range 22°06' 114° 00/ WF44

The analysis techniques have evolved with the
observational systems. Up until the late 1960s
surface analyses were the major tool. These
involved fitting a pre-conceived model to the few
available observations (supplemented by sea
swells, microseisms, sferics, aircraft and radar
observations when available) to estimate the

central pressure and location of the cyclone. Since
1966 satellite analyses, particularly using objec-
tive intensity analyses (Anderson et al. 1974 and
Dvorak 1975), have become the major technique,
except in near-coastal regions where the exten-
sive radar coverage provides very accurate loca-
tions.
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Fig. 3 The network of coastal climate and rainfall stations in 1930. Large dots represent two or more stations.
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Fig. 4 Lifetimes of satellites making weather observations over the Australian region since 1968.
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The quality of the cyclone data

The uncertainty in estimates of cyclone occur-
rence, coastal crossings, location and intensity is
next examined with cyclones grouped into four
eras based on the evolving observational systems.
These eras are: 1909-1939, when there were
essentially only surface observations; 1939-1959,
the initial period of upper-air rawinsonde and
aircraft observations and the abrupt increase in
observations and forecast activities during and
after the Second World War;, 1959-1969, the
period of radar observations and organised post-
analyses by the Tropical Cyclone Warning
Centres, and with increasing satellite data; and
1969—1979, the satellite era.

Of course any attempt to quantify the uncer-
tainty in the data is open to dissent, because of the
lack of ground truth. Nevertheless, the attempt is
made in Tables 4 and 5 which give the probable
uncertainty for the majority of cyclones in each
era. These limits, which are if anything optimistic,
are justified in the following discussion.

Cyclone occurrence

Ten-year mean annual occurrences, with a five-
year overlap, are given in Fig. 5. Clearly, a
marked change in the number of observed cyc-
lones has occurred, with a threefold increase in
the Western Region and twofold in the Eastern.
Much of this increase has resulted from the addi-
tion of open ocean cyclones in latter years (i.e.,
cyclones which do not approach within 500 km of
the coast). In the Western Region only one open
ocean cyclone was noted before 1939, seven were
observed between 1939-1959, and twenty-seven
since 1959; the observations have increased from
one every thirty years to more than one every
year! In the Eastern Region twenty were observed
from 1909-1939, sixteen from 1939-1959 and
fifty-three since 1959.

That cyclone origins, and occurrences, have
been strongly biased away from data void areas,
such as the open ocean, is well illustrated by Fig. 6
which shows the points of origin of all cyclones
before and after 1949. The spread of origins away

Table 4. Data quality code for the cyclone parameters summarised in Table S.

Data quality indicator Occurrence and coastal crossings Location Intensity
1 Very Poor Miss > 50% of cyclones No idea No Idea
2 Poor Miss 30-50% < 250 km < 30 mb
3 Fair Miss 15-30% < 150 km < 20 mb
4 Good Miss 5-15% <,100 km < 15Smb
S Very Good Miss < 5% < S0km < 10 mb

Table 5. A summary of the likely uncertainty in estimates of various cyclone parameters for the four
major eras: the quality code is given in Table 4; coastal regions are within 500 km of the coast,
open ocean is more than 500 km; ER refers to Eastern Region, WR to Western Region; group 1
refers to cyclones with an observation within 100 km and 12 hours of the place and time of
maximum intensity; group 2 is all other cyclones.

1909-39 1939-59 1959-69 1969-79
Coastal 3 4 S S
Occurrence
Open ocean 1 1 3 S
West coast 3 4 S S
Coastal North coast 2 3 4 S
crossings (130-142°E)
East coast 4 5 5 5
105-125°E Coastal 1 2 3 5
Open ocean 1 1 2 3
Location 125-142°E 1 2 3 4
142-165°E Coastal 2 3 4 5
Open ocean | 2 2-3 4
Group 1 4 4 4 5
Intensity
Group 2 1 1 2 ER 3
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MEAN ANNUAL NUMBER OF CYCLONES

g. 5 Ten-year mean annual cyclone occurrence,
centred every five years, for the Western and
Eastern Regions.
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from the coast and throughout the region north of
Australia in latter years is obvious. (There is an
inconsistency in definition of origin in the
Lourensz data. Some cyclones were started at the
time of gale force winds, others at their first
appearance as a discernible system. However, this
should have no significant effect on the
interpretation of Fig. 6.)

Cyclones moving continuously away from the
coast were also rarely detected in early years. This
can be seen in Table 6, which shows the variation
in relative frequencies of different track types
since 1909. Five track types have been used: cyc-
lones which track between 40° and 150° are east-
ward (E), those between 150° and 210° are south-

! L 1
1915 1925 1935

ward (S), and those between 210° and 320° are
westward (W); recurving cyclones (R) have
moved westward for at least two days then
recurved in a clockwise sense to move eastward
for a further two days; the remainder of the cyc-
lones, which are generally erratic, are grouped
under C. In the Western Region, the proportion
of westward moving cyclones has increased from
8 to 38 per cent, and in the Eastern Region east-
ward moving cyclones have increased from 10 to
20 per cent of the total.

In summary then, even if all cyclones in coastal
regions were detected (which is unlikely), the
increase in cyclones over the open ocean and
Arafura Sea, and in those which move away from
the coast, indicates that at least one hundred cyc-
lones (about S0 per cent) were missed before
1939 and about seventy cyclones (again 50 per
cent) from 1939-1959. Some were probably also
missed in the early sixties, before regular satellite
observations. These results are consistent with
the findings of Sadler (1964) for the eastern
North Pacific.

Coastal crossings by cyclones

The average annual coastal crossings for the north
coast (130-142°E), east coast (east of 142°E), and
west coast (west of 130°E) are given in Table 7.
They show a distinct increase in north and west
coast crossings, but no trend on the east coast.
The twofold increase on the west coast (which is
significant at the 0.99 level) is slightly surprising,
since, as shown in Fig. 3, even in 1930 there was a
reasonable density of rainfall and climate stations
that provided subjective reports of cyclone cross-
ings. Hence, this change seems to be only partially
due to improved observations. On the north
coast, however, there were few reporting stations

Table 6. The variation in relative frequencies of different cyclone track types since 1909: E are
eastward moving cyclones, W westward moving, S southward moving, R recurving and C

erratic cyclones.
Western Region Eastern Region
All cyclones cyclones cyclones
E w S R C E W S R C E w N R C
1909-39 10 21 30 29 10 8 8 54 15 15 10 25 17 38 10
1939-59 8 23 22 26 21 11 27 25 23 14 20 20 3 28 29
1959-75 15 22 10 24 29 9 38 8 30 15 20 7 11 19 43

Table 7. The variation in mean annual coastal crossings for the western, northern and eastern coasts

since 1909.
West of 130°E 130-142°E East of 142°E
Mean SDev Mean SDev Mean SDev
1909-39 1.1 0.9 0.7 0.5 0.9 0.9
1939-59 1.8 1.2 0.9 0.9 2.0 1.2
1959-75 2.5 1.4 1.6 1.1 1.2 1.2
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Fig. 6 Points of origin of tropical cyclones: (a) 1909-1949 (b) 1949-1975. Large dots indicate two occurrences (Bureau
of Meteorology 1978).
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in early years (Fig. 3) and many coastal crossings
were undoubtedly missed. Because of the dense
coastal network, crossing statistics on the east
coast are probably quite good for the entire
period.

Cyclone locations

There is a large uncertainty in cyclone locations
before 1959, especially over the open ocean. This
is well illustrated by the spreading origins in
Fig. 6, the variation in track types in Table 6, and
the location experiment with cyclone Kerry
(Appendix). .

The spread of origins over the open ocean in
recent years, together with the earlier conclusions
on cyclone occurrence, indicates that cyclones
were rarely detected in these areas in early years,
yet alone accurately located. This is supported by
the variation in frequencies of track types in Table
6. For the Western Region, recurving cyclones
have increased from 15 to 30 per cent while
southward moving cyclones have decreased from
54 to 8 per cent; the implications are that many
cyclones which crossed the coast in early years
and were assumed to have moved continuously
southward were in fact recurving cyclones from
the Timor Sea. In the Eastern Region, the propor-
tion of westward moving and recurving cyclones
has dropped from 63 to 26 per cent while the pro-
portion of erratic cyclones has risen from 10 to 43
per cent. Many of the early recurving and west-
ward moving cyclones, which were best observed
as they approached the coast, were probably
erratic cyclones whose erratic motion (with per-
turbations of hundreds of kilometres) could not
be resolved over the Coral Sea.

The location experiment with cyclone Kerry
(Appendix) showed that, even with very good
surface observations (for the Australian region),
the uncertainty in location is 100 to 200 km, and
that estimates are likely to be biased towards the
available observations. The surface data were very
poor before 1939 and hence little faith can be
placed in cyclone locations then. Furthermore,
increasing numbers of observations in 1939-1959
probably only improved locations marginally.

The special observing systems and post-analysis
programs of the Tropical Cyclone Warning
Centres, the installation of coastal radars (Table
3) and automatic weather stations (Table 2), and
the receipt of an increasing amount of satellite
imagery, undoubtedly improved the accuracy of
cyclone location in 1959-1969. Probable satellite
location errors have been examined by Sheets and
Grieman (1975). They tested a number of
analyses at the United States National Hurricane
Center (NHC), National Environmental Satellite
Service (NESS), and Air Weather Service
(AWS), using data from Environmental Satellite
Service Administration (ESSA), Applications
Technology Satellite (ATS) and Defense Military
Satellite Program (DMSP) satellites. Their results
are in Table 8 (note that these include gridding
errors). It is reasonable to expect that these
results apply to the Australian region, hence,
ESSA observations have an uncertainty of
100 km over the open ocean; but these observa-
tions were at best once daily and interpolation bet-
ween these times using sparse surface data almost
certainly increased the uncertainty.

When a clearly defined eye lies within radar
range, the geometric centre of the precipitation
echoes can be very accurately located. Errors may
arise from incorrect ranging and azimuth calibra-
tion, parallax, and human error. The instrument
errors have been discussed by Senn and Hiser
(1962) and Conover (1962) using multiple radar
observations of hurricane Donna 1960. They
found variations of at most 10 to 20 km, and these
should be typical provided the radars are well
maintained. Human errors cannot be so easily
quantified but should be small for cyclones with
clearly defined eyes and increase as eye definition
decreases.

During 1969-1979 the quality and quantity of
satellite observations increased, radar installa-
tions covered the entire east coast and a substan-
tial part of the west coast (Fig. 2), and the density
of surface observations further improved. Hence,
cyclone locations over the whole Australian
region probably reached an acceptable level of
accuracy in this area.

Table 8. Mean deviations (km) from the official tracks of best satellite track positions for a number of
analysis using the ATS (Applications Technology Satellite) DMSP (Defense Military
Satellite Program) and ESSA (Environmental Satellite Service Administration). Eighty per
cent of the analysts gave estimates between the limits shown in brackets (after Sheets and

Grieman 1975).

Satellite Intensity (m/s)

<25 3454 > 55
ESSA =+ 75 (130) =+ 40 (60) = 30 (50) =+ 25 (40)
DMSP =+ 50 ( 75) =+ 30 (45) =+ 30 (40) =+ 20 (25)
ATS =+ 50 ( 70) =+ 40 (60) =+ 35 (50) +20 (25)







