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Operational weather services in the Australian tropics have been influenced by such
external pressures as tropical cyclone disasters, the growth of commercial aviation,
the Second World War, and post-war development. Important post-war responses
included the establishment of the Darwin Tropical Analysis Centre and the emer-
gence of research interest in tropical meteorology.

Our current public weather services focus on routine short to medium-range fore-
casts and severe weather warnings. The former are not well matched to scientific
capabilities, and leave important forecasting time-scales unserviced. Future service
developments are likely to see more attention directed to very short-range forecasts,
and to the intra-seasonal and seasonal time-scales.

Tropical cyclone warning accuracy in Australia can be expected to improve in the
short to medium term, reaping the benefits that new remote sensing systems and
improved surface observations will provide to cyclone tracking and intensity esti-
mation, and from the operational use of improved objective prediction models. An
important area for attention is the communication of cyclone warning information in

ways that will optimise the socio-economic benefits of the warning system.

Historical Perspective

The major developments in weather forecasting
in the Australian tropics can be traced to several
important influences. The first is the destruction
wrought by tropical cyclones. Our earliest
Queensland weather forecaster, Clement Wragge
(Fig. 1), provided a flamboyant beginning to oper-
ational tropical cyclone warning during the term
of his appointment as Queensland Government
Meteorologist (1887-1903). It was he who first
introduced the practice of naming tropical
cyclones (as well as other weather systems), calling
them after figures from the classics, the Bible, his-
tory, and even current politicians! In conjunction
with the Brisbane Postmaster, Wragge introduced
a system of storm signals which were hauled up at
lighthouses from Cape Moreton to Thursday Is-
land and Karumba, by direct instructions tele-
graphed from the Weather Bureau.

On [ January 1908 meteorological services be-
came a Commonwealth function. The periodic
disasters along the coast and at sea (Table 1) main-
tained a focus on tropical cyclone warning in the
Queensland Divisional Office of the Bureau of
Meteorology (BOM).
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A period of cyclone and flood disasters in
Queensland from 1949 through the 1950s gave
impetus to the development of a more rigorous
cyclone warning organisation, and the Tropical
Cyclone Warning Centre was institutionalised in
Brisbane in the 1954-55 cyclone season. An in-
house Tropical Cyclone Conference, held in Bris-
bane in September 1955, saw the beginnings of the
modern attack on tropical cyclone warning prob- -
lems. An extract from the proceedings of this con-
ference was prophetic:

‘Illustrations were presented at the conference

showing how radar had been actually utilised

overseas in the tracking of tropical

cyclones. ..
Australia’s first international tropical cyclone
conference was held in the Physics Department of
the University of Queensland in December 1956,
where a paper presented by Brann et al. (1956)
described an Australian first, the issuance of
cyclone warnings assisted by radar observations
from the BOM’s Townsville radar. Major devel-
opment.of the Bureau’s early warning network of
coastal radar stations and offshore automatic



.54

Australian Meteorological Magazine 38:1 March 1990

Fig.1 Clement Wragge, Queensland Government
Meteorologist (1887-1903).

weather stations took place during the 1960s and
early 1970s. o

The cyclone Tracy disaster in Darwin on 25
December 1974 provided a new dimension to our
perception of the tropical cyclone problem in Aus-
tralia, and in 1976 a Government Committee of
Inquiry into the Bureau of Meteorology recom-
mended that tropical cyclone warning be ‘a func-
tion of the Bureau of the highest priority’. The
landmark Symposium on the Impact of Troplcal
Cyclones on"0il and Mineral Developments in
North-west Australia, held in Perth in 1976, re-
sulted in the establishment of a Tropical Cyclone
Industrial Liaison Committee and the-provision
of focused cyclone advisory services to industrial
clients by the Perth Bureau. User consultation
became a promment philosophy of the cyclone
warning service, with public surveys and semi-
nars, media seminars, post-event surveys and
radio tatk-back programs-all part of the job. After
cyclone Tracy there were enormous pressures ‘for
the warning system to perform ﬂawlessly, though
resources for srgmﬁcant serv1ce developments
were wantmg

» An.important milestone was realised in 1987
with the provision by the Government of special-
ist staff and funding for the development of severe
weather warning services, with a major focus on
tropical cyclone and flood warning,

The next important influences were the growth
of commercial aviation, which led to the estab-
lishment of operational forecasting offices at Dar-
win, Rockhampton, Townsville, Port Moresby
and Lae during the late 1930s, and the Second
World War (Gibbs 1982). The massive deploy-
ment of forces in the Pacific theatre of war
focused the attention of the Royal Australian Air

_Force (RAAF) Meteorological Service on tropical

weather forecésting. The dominating influence of
topography and diurnal variation within the

- nearly barotropic air mass was soon recognised

and, as a consequence, attempts to transpose into

-. the tropics the principles of air mass and frontal
_analysis, and. the associated prediction models

that had been developed in middle latitudes, had
to be modified or abandoned. By the end of the

.war an appreciation of air parcel- modification in

the trades and the non-frontal nature of conver-
gence zones within a nearly barotropic equatorial
air mass was emerging (e.g. Gibbs 1945). The
interest and debate in tropical forecasting and

supporting research during the war is preserved in
‘the .RAAF Troplcal Weather Research Bul-

letins.

Although tropical cyclone warning became a
very high priority during the 1950s, for nearly two
decades after the war research interest in the gen-
eral problems of tropical meteorology in Australia
received little attention. A significant exception
was the work of A.J. Troup and F.A. Berson on the
southern oscillation and aspects of the monsoon
(e.g. Troup 1961, 1965; Berson 1961; Berson and
Troup 1961).

The BOM’s aviation offices continued to grap-
ple with the problems of tropical forecasting and,
in recognition of the needs in an important area of
operational meteorology, a small tropical analysis
group was established at the aviation forecast of-
fice in Darwin in the early 1960s. Under the lead-
ership of Robert Southern, who employed manual
streamline " analysis techniques acquired at the
Advanced Tropical Meteorology Course at the
University of Hawaii, this group was expanded

" to become the Tropical Analysis Centre, and a

Regional Meteorological Centre (RMC) under the
World Weather Watch in 1967.

" The establishment of the tropical metéorology
program at Darwin had an important impact on
research as well as tropical operations. An opera-
tional analysis set straddling the equator from
40°N to 40°S, from 70°E to the dateline, encom-
passing the global hot box of the ‘maritime conti-
nent’ and_the Indo-Asian monsoons, became
available in Australia for the first time since the
war. Forecasters in’ Darwin  soon observed the
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Table 1. Some major cyclone impacts on Queensland.

January 1884

March 1887
March 1899

March 1903
March 1911
January 1918
March 1918

March 1934
February 1940

March 1955
March 1956

April 1958
February 1959

January 1970
December 1971

December 1976
February 1986
April 1989

Bowen

Burketown
Bathurst Bay

Townsville
Bowen

Port Douglas
Cairns
Mackay

Innisfail

Port Douglas area
Cardwell, Ingham

Mackay
Cape Capricorn
Townsville

Bowen

Ayr, Home Hill
Bowen/Proserpine
Whitsunday Islands
Townsville

Momnington Island
Burketown
Cairns to Cardwell

Ayr, Home Hill region

Nearly whole town unroofed and many places completely wrecked.
3 m storm surge at Pool Is.

5 killed. Nearly every building damaged.

307 killed. Pearling fleet destroyed. Great storm surge. Barometer
914 hPa.

Nearly wrecked the whole town of Townsville. 10 killed.

2 killed and most buildings at Port Douglas damaged. Severe
damage at Cairns.

30 killed. 3.9 m storm surge, and one million pounds property
damage at Mackay. Barometer 933 hPa.

16 killed. Great damage Innisfail and Babinda districts. 3 m storm
surge.

75 killed, many luggers lost. 1.9 m storm surge at Port Douglas.
Extensive damage Cardwell to Townsville. Barometer 965 hPa at
Ingham.

8 killed at sea. Barometer 957 hPa at Mackay.

Extensive damage Townsville to Cairns. 4 killed by floods.
Townsville barometer 961 hPa.

Extensive damage. 77 houses and various other buildings destroyed.
I killed. $2M property damage. Barometer 948 hPa.

Ada. 13 killed mostly at sea. More than $12M damage to resorts.
Althea. 3 killed, $50M damage. 3 m storm surge. Barometer

952 hPa.

Ted. $8M damage Mornington Island and Burketown. Barometer
950 hPa.

Winifred. 3 killed. $130M damage to property and crops.
Barometer 958 hPa.

Aivu. 1 killed. $90M damage to property and crops. Barometer
959 hPa,

importance of large-scale forcing in the tropics.
Their analyses enabled them to develop synoptic
forecasting models which invoked interactions
from the subtropics of both hemispheres, includ-
ing inter-hemispheric forcing of tropical cyclone
genesis events (e.g. Love 1985).

In September 1982, at the height of the most
severe El Nifo-Southern Oscillation (ENSO)
event this century, the Darwin RMC commenced
issuing its Large-Scale Diagnostic Statements,
providing a near real-time summary of the tropi-
cal circulation in its analysis area. Diagnostic out-
puts from the BOM’s automated tropical analysis
scheme (Davidson and McAvaney 1981) have
since been incorporated in these bulletins.

An advantage of the Darwin program has been
the blend of experience in a formal large-scale
analysis program and in operational forecasting
and warning provided to meteorologists at the
centre. Moreover, staff mobility has spread this
experience to many areas of the Bureau. With the
establishment of the tropical analysis program
came a resurgence of interest in tropical research,
which gained momentum during the late 1960s
and 1970s and continues as a major program in

the Bureau of Meteorology Research Centre
(BMRC). It might be mentioned here that three of
the Darwin forecasters, Bill Kininmonth, Geoff
Love and Greg Holland, obtained higher degrees
in tropical meteorology at Colorado State Univer-
sity under Professors Riehl and Gray. In the late
1970s work was commenced on a numerical trop-
ical analysis scheme at the Australian Numerical
Meteorology Research Centre (ANMRC) for both
operational use in Darwin and for research pur-
poses (Davidson and McAvaney, op. cit.). At
about the same time, a monsoon experiment,
AMEX (Holland et al..1986), was being conceived
by the BOM’s Synoptic Research Group. The suc-
cessful realisation of both of these goals under the
auspices of the new BMRC involved very fruitful
collaborations between the research establish-
ments in Melbourne and operational staff work-
ing in the tropics.

Current operational services

In this section the efficacy of current forecasting
and warning services in the tropics and a near sub-
tropical station, Brisbane, are reviewed with a
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view to suggesting profitable directions for future
service developments.

The tropical cyclone warning service

As mentioned, tropical cyclone warning is con-
sidered to be the Bureau’s highest priority opera-
tional function. Whilst improving the accuracy
and timeliness of tropical cyclone warnings pre-
sent scientific and technological challenges on
several fronts, complex sociological questions are
involved in attempting to optimise the socio-
economic benefits of the warning system.

Tropical cyclone tracks are so variable in the
Australian region that climatology contributes
very little to the forecasting of cyclone motion
(Keenan 1982; Pike 1985). This is illustrated by
Fig. 2 from Keenan, which shows the relative con-
tributions of persistence, climatology and synop-
tic geopotential height fields to the reduction in
variance of track forecast errors. The operational
reality of Fig. 2 is demonstrated by verifications
of 12-hour cyclone movement predictions in Aus-
tralia’s Eastern and Northern regions shown in
Fig. 3. Forecasts on this time-scale are critical as
cyclones approach landfall. The similarity of aver-
age operational 12-hour movement forecasts to
real-time persistence forecasts is striking. In the
Northern region, where radar and offshore auto-
matic weather station networks are less devel-
oped, notable improvements in forecast accuracy
have coincided with improvements in surveil-
lance facilities: first with the commencement of
the Japanese GMS satellite program in 1978-79,
and likely again with the commissioning of the
Weipa and Gove radars in 1986-87. In the Eas-
tern region the coastal radar and offshore auto-
matic weather station networks were compara-
tively well developed by the early 1970s, and
subsequent improvements in performance have
been much smaller. The indications from Fig. 2
are that forecasts beyond 12 hours. become
increasingly skillful relative to persistence,
however, the magnitude of the average forecast
position error at 24 hours is about 250 km, con-
siderably larger that the typical destructive radius
of tropical cyclones.

Tropical cyclone warning strategies necessarily
recognise the probabilistic nature of cyclone
movement forecasts. The Cyclone Warning
Centre in Brisbane currently adopts a quite con-
servative procedure by declaring areas under
Cyclone Watch and Cyclone Warning guided by
whether there is a better than 5 per cent chance of
a cyclone strike within 48 hours and 24 hours re-
spectively, having regard to the forecast track and
the distributions of historical track forecast
errors.

Tropical cyclone intensities and intensity
trends are mostly estimated from satellite data.
The pattern recognition methodology developed
and periodically refined by Dvorak (e.g. Dvorak

Fig.2 Reduction of error variance in regression fore-
casts of Australian region tropical cyclone motion
obtained with predictor sets based on persistence,
climatology, synoptic analyses and a combination
of all three. After Keenan (1982).
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Fig.3 Three-year running means of annual average 12-
hour tropical cyclone forecast position errors for
(a) Australia’s Eastern region and (b) Australia’s
Northern region. (A — operational forecasts, B
— real-time persistence forecasts, C — best
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1984) has been a cornerstone of cyclone warning
centre operations for nearly a decade, and while
most forecasters consider the technique to be in-
dispensable to their operations, there have been
few opportunities to verify intensity estimates in
the Australian region. A serious under-estimation
of the intensity based on satellite data was re-
vealed by a NOAA research aircraft investigation
of cyclone Kerry (Holland 1981). The uncertainty
in current intensity estimates, paucity of 4-dimen-
sional observational data in tropical cyclones, and
incomplete dynamical understanding, are inhibit-
ing skillful forecasts of cyclone intensity changes
(Keenan 1982).

On the socio-economic side, our public exten-
sion activities after cyclone Winifred (Bureau of
Meteorology 1986) showed that responses to
cyclone warnings may benefit from improved
public understanding of the nature of tropical
cyclones, from improved communication during
the warning process of the level and nature of the
threat, and what people should be doing to pre-
pare. As a result of the Winifred experience we
have modified our warning messages, and have
arranged for community service messages to be
broadcast advising of telephone recorded warning
message services, and of material including
cyclone tracking maps, cyclone hazard descrip-
tions, and preparedness advice contained in tele-
phone directories. As a further step, the BOM
plans to introduce a simple tropical cyclone inten-
sity scale for use in the Australian region in late
1989.

Nowcasts

The only regular weather forecast services specif-
ically focused on time-scales of three hours or less
in Australia are severe thunderstorm warning ser-
vices for the capital cities, and trend type forecasts
(TTF) for aerodromes.

Holland et al. (1987) provided a verification of
predictions of hazardous conditions (thunder-
storms, low cloud, fog, reduced visibility in heavy
rain) in short-range forecasts (TAF period 4-10 h)
and nowcasts (TTF period 0-3 h) for Darwin
aerodrome during the rainy seasons of 1983 and
1984. The interesting result is that the TAF issued
4 hours before the verification period for a 6-hour
window showed more skill than the TTF issued at
the commencement of its 3-hour window. Al-
though this comparison is not strictly fair, an
interpretation of the TTF verification was that
non-linear developments and a natural forecaster
bias on the side of safety often defeat the 3-hour
‘nowcast’.

Verification of severe thunderstorm warnings
for Brisbane for the seven seasons shown in Fig. 4
suggests the warning service has improved drama-
tically during the period. We believe this can be
attributed to new technology, such as colour radar
display systems, in the Regional Forecasting

Centre. While the lead times of thunderstorm
warnings have not been systematically verified,
our experience suggests that lead times of about
an hour are often achievable. However, lead times
are often very short or non-existent in part of the
affected areas. Furthermore, there may be intol-
erable delays in the chain of events between iden-
tification of a threat and the broadcast of warn-
ings by the media. The following case serves to
illustrate the significance of very short-range fore-
casting problems.

Fig. 4 Severe thunderstorm warning accuracy for Bris-
bane for summers 1981/82 to 1987/88 as indi-
cated by plots of the probability of detection
(POD), the false alarm ratio (FAR), and the criti-
cal skill index (CSI). Lines show three season
running means. POD = A/(A + B), FAR =
C/(A + C), CSI = A/(A + B + C) where A re-
fers to a correct forecast, B is a forecast event that
fails to occur, and C is a forecast of a non-event
that occurs as an event.
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A forecasting case study: the Brisbane thunder-
storm of 18 January 1985. Between 1600 and
1700 LST on the afternoon of 18 January 1985,
Brisbane was struck by a severe thunderstorm.
During the 10 to 15-minute peak of the storm, a
wind gust of 184 km/h was recorded at Brisbane
Airport and hail was reported up to the size of
tennis balls. Insured losses were placed at $192M
along.a strip 10 km wide. Included were damages
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to over 20,000 buildings, and 29,512 insurance
claims on motor vehicles. Claims on vehicle fleets
and car sales yards were counted as single claims
(source: Insurance Council of Australia).

The development and subsequent movement of
the storm, as indicated in Fig. 5, were monitored
by the Bureau of Meteorology radar at Brisbane
Airport, and a lightning location system (LLS)
operated by the Southeast Queensland Electricity
Board and Telecom (not available to forecasters at
the time). The radar became inoperative because
of a lightning strike at about 1700 LST.

Fig. 5 Path of the area of hail associated with the severe
thunderstorm of 18 January 1985 determined

. from radar. Area (a) shows radar hail echo at
1510 LST and lightning ground strike regis-
trations 1430 to 1500 LST, (b) shows radar hail
echoes at 1620 and 1650 LST (shortly before the
-radar failed) and ground strikes 1600 to 1630
LST. . .
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A diagnostic assessment revealed that the thun-
derstorm resulted from the interaction of a ‘vigor-
ous surface front which had progressed steadily up
the east coast of Australia with a typical Queens-
land summer air mass. Instability indices based
on the Brisbane radiosonde-ascent at 0900 LST
and shown in Table 2 suggested the likelihood of
thunderstorms with the arrival of the front. These
had been included in the morning forecasts, but
the indices gave no indication of the severity of
the impending event. The 0900 LST upper-level
analyses indicated a thermal trough-close to the
NSW coast with a 300 hPa jét exit near Sydney,
some 600 km south ‘of Brisbane. Strong unbal-
anced:-southerly flow behind :the cold frorit
evident in’' the 1500 LST MSL analysis (Fig. 6)
suggests exceptional low-level convergence with
the tropical air mass to bé a key factof. -

* The first severe ‘thunderstorm warning for
Ipswich and metropolitan Brisbane was issued at
1600 LST, with subsequent issues at 1700 and

Table 2. Instability indices based on Brisbane radio--
’ sonde at 0900 LST 18 January 1985. Sug-
gested critical values for severe thunderstorms

in brackets.
Showalter Index +2 (0 or less)
Whiting Index - 027 —
Total-totals Index’ ‘45 (50 or more)

Bradbury Index - =2 - (—4 orless)

Fig. 6 MSL pressure analysis and observations of sur:
face winds for 1500 LST 18 January 1985.
Gradient-level winds are also shown (direction
by heavy arrows, speed in knots in brackets).
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1800 LST. The storm struck Ipswich and the sur-
rounding areas from about 1615 and the inner city
at 1650 LST. It is understood that there were sig-
nificant delays in the receipt and broadcast of
warnings by some media outlets.’

In this case, the persisténce of the major ‘Storm
cell for nearly two hours, and its relatlvely straight
track, proved tractable to a simple extrapolation
forecastmg _procedure. Slgmﬁcant problems re-
lated to delays in the communication of warnings
to the pubhc via the media, and the apparent lack’
of effective responses to reduce some ‘of ‘the
storm’s major 1mpacts (for exarnple by protecting
vehicles from hall)

Short-range forecasts

Récently, Fraedrich and Leslle (1988) compared
six techniques.for the short-term (0-12 h) fore-
casting of precipitation at Darwin during a 3-






