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Extraordinary short-duration heavy rainfall on 18 February 1984 was found to be
caused by several meso and synoptic-scale focusing mechanisms. Of particular im-
portance was the formation of a mesoscale low pressure centre which strengthened
surface winds to storm force over a very localised area and enhanced convergence
mainly in its southeast quadrant. Methods of providing estimates of probable maxi-
mum precipitation had to be revised, because maximised rainfalls during the event
exceeded available estimates for short durations and small areas by up to twenty-
nine per cent. Because of the scale of the event, successful forecasts of similar occur-
rences, by synoptic or numerical methods, are unlikely in the near future. Utilisation
of digital radar data, telemetered rain-gauge networks, and nowcasting techniques
would appear to be the most promising means by which a warning service could be
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provided.

Introduction

During the morning of 18 February 1984 extra-
ordinarily heavy rainfall was recorded near the
Illawarra escarpment to the west of Wollongong.
Figure 1 shows locations of places mentioned in the
text. Over the 48-hour period ended 0900 Eastern
Daylight Saving Time (EDST) 19 February, a total
of 803 mm was recorded by a pluviograph at Won-
gawilli. About three-quarters of this rain fell between
0400 EDST and 1200 EDST on 18 February. Dur-
ing this storm the maximum 24-hour rainfall was 796
mm at Wongawilli. Although major flash flooding
and landslips caused considerable damage, particu-
larly near Dapto, remarkably, no lives were lost.
Kearney and Malone (unpublished) estimate the
total cost of damage, excluding that to private
property, at $5 000 000. They also give details of the
area affected by the flooding. Nanson and Hean
(1984) examine the channel erosion caused by this
storm. Figure 2 is a photograph of the undermining
caused to the Unanderra to Moss Vale railway line
near Dombarton. Repairs to this line are estimated
to cost almost $450 000.

Prior to this event, the heaviest rainfalls in Aus-
tralia for most durations have been in tropical areas.
Brunt (1958) describes an event that produced 908
mm in 24 hours at Crohamhurst, Queensland. The
Australian record for 24 hours is 1140 mm at Bellen-
den Ker, North Queensland. Wongawilli rainfall (796
mm in 24 hours) is comparable with these values,
and rainfall there sets new Australian point records
for durations from eight to about seventeen hours.
However, rainfall measurements for these
durations are few and, if an enveloping curve was
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drawn to Australian rainfall values, the Wongawilli
figures would be less than the enveloping curve
figures for the same durations. Pierrehumbert and
Kennedy (1982) give details of the five most severe.
short-duration rainfall events for which rainfall data
are available and which occurred outside of the trop-
ical and subtropical coastal strip. Rainfall in the Dap-
to storm far exceeded that recorded during those
events, and also that recorded during a tropical flood
event, the Clermont, Queensland, storm of Decem-
ber 1916, which claimed sixty-one lives (Ward and.
Harman 1972).

The topography of the Wollongong area causes
relatively frequent flash flooding to occur there.
Davidson (1981) surveyed flood events over the
period 1945-1977 when seven drownings occurred.
He concluded that the most important cause of a
trend towards more frequent severe flooding was the
increased urbanisation of the area which has
produced changes in the local hydrology. Armstrong
and Colquhoun (1976) give details of a thunderstorm
event which produced rainfall of 591 mm at Mt Keira
in about 30 hours.

Short-duration heavy rainfall and subsequent flash
floods are problems in other countries. Caracena and
Fritsch (1983) describe two flash flood events in
Texas which produced rainfall of 790 mm and 810
mm over 24-hour periods, with most of the rainfall
occurring in less than twelve hours. Ding et al. (1980)
report the occurrence of 1050 mm in eight hours in
China in the desert area of the border region between-
Inner Mongolia and Shansi province in August 1977.
Hoxit et al. (1978) describe a flash flood in north-
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Fig. 1 Location and topographical map.
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eastern United States where more than 400 mm was
recorded in 8 to 9 hours and more than 77 persons
died, and Caracena et al. (1979) analyse the situa-
tion which caused 139 deaths after more than 300
mm of rain fell over a three-hour period in the
Colorado Rocky Mountains. In a disastrous flash
flood event in South Dakota (Maddox et al. 1978)
more than 380 mm fell in a four-hour period and
caused 236 deaths.

An attempt to simulate a very heavy rainfall event
in Japan was made by Ninomiya et al. (1984) using
a 13-level, 42 km mesh primitive equation model.
The maximum rainfall rate simulated was much less
than the observed 500 mm in twelve hours.

In this paper the spatial and temporal distribution
of the rainfall is described. There is an excellent net-
work of pluviographs in the area operated by the
New South Wales Public Works Department and the
Metropolitan Water Sewerage and Drainage Board
which enables temporal patterns to be precisely de-
fined. Wollongong University Geography Depart-
ment collected all available rainfall data from pri-
vate gauges and these have been included in the
isohyetal analysis. Observations from a 10 c¢m
wavelength and 3 degree beamwidth radar are dis-
cussed and three-hourly satellite data are used to de-
termine what process was responsible for the heavy
rainfall. The broadscale meteorological situation is
described as is the mesoscale wind flow in the storm
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Fig. 2 The undermined Unanderra to Moss Vale railway
line near Dombarton.

area. The mesoscale analysis was made possible by
a network of anemographs established by Macquarie
University in the Wollongong area. The discussion
section looks at the focusing mechanisms responsi-
ble for the heavy rainfall, the efficiency of the storm,
the implications of the storm for short-duration
probable maximum precipitation studies, and the
forecasting of heavy rainfall events.

Rainfall

Spatial distribution

Rainfall isohyets for the 48 hours ended 0900 EDST
on 19 February 1984 are shown in Fig. 3(a). These
isohyets were based on all available data, including
both official and unofficial rainfall recordings. There

were few data along the Illawarra escarpment. Values
there were estimated from hourly streamline and iso-
hyetal analyses based on the anemograph and pluvio-
graph data. Heavy rain (in excess of 200 mm) fell
in a band from Stanwell Tops to Jervis Bay, while
extraordinary rain (in excess of 800 mm) fell along
the escarpment to the west of Dapto. The heaviest
point rainfall recorded was 803 mm at Wongawilli,
but the rainfall gradients and the analysis of the
hourly data suggest that this was exceeded at other
places nearby. An estimate of the maximum point
rainfall based on the analysis of hourly data is 920
mm. Extrapolation of the rainfall gradients in Fig.
3(a) suggests a maximum value of at least 950 mm.
In later calculations using these data the more con-
servative value is used. Details of the heaviest record-
ed falls are given in Table 1. The Wongawilli (north)
total taken by an unofficial observer is less than the
total rain which fell because the gauge was overflow-
ing at the time it was read at 0700 EDST 18 February.

Figure 3(b) shows the rainfall isohyets, which were
largely based on telegraphic rainfall reports, for the
whole of New South Wales during the 72-hour peri-
od to 0900 EDST 20 February 1984. The localised
nature of the very heavy rain can be clearly seen.

Rainfall temporal patterns

The area in which the storm occurred has a dense
network of pluviographs, there being twenty-five to
the east of the 100 mm isohyet shown in Fig. 3(a).
Data from three of these instruments over the peri-
od 0900 EDST 17 February to 0900 EDST 19 Febru-
ary 1984 are shown in Fig. 4. Wongawilli is 3 km
northeast of where the heaviest rainfall is thought
to have occurred; Beth Salem is 25 km to the north-
east and Brogers No. 2 is 25 km to the south. The
patterns at Wongawilli and Beth Salem are very
different. When the heaviest rain was falling at Won-
gawilli very little fell at Beth Salem. Seventy-six per
cent of the rain at Wongawilli fell between 0400
EDST and 1200 EDST on 18 February but the cor-
responding figure for Beth Salem is seventeen per
cent. The reason for this difference is the surface
wind flow and this is discussed in a later section.

Table 2 shows the highest rainfalls at Wongawil-
li, Huntley, and Calderwood for durations from five
minutes to twenty-four hours.

Table 1. Highest rainfall total(mm) for the 48 hours ended 0900 EDST 19 February 1984.

Location Recording authority Rainfall (mm)
Wongawilli Public Works Dept 803
Wongawilli (north) Private 790*
Dombarton Private 758
Huntley Public Works Dept 738
Upper Avon MWS&DB - 710
Mt Kembla Village Private 660
West Dapto Private 635

* Gauge overflow
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Fig. 3 Isohyets (mm) (a) for the 48-hour period ended 0900 EDST 19 February 1984, (b) for the 72-hour period ended
0900 EDST 20 February 1984, based largely on telegraphic reports.
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Table 2. Highest rainfall (mm) for various durations at
Wongawilli, Huntley, and Calderwood.

Duration Wongawilli Huntley Calderwood
5 min 16.5 12.5 17.0
10 min 30.0 24.5 22.5
30 min 73.5 61.5 41.5
1h 133.5 111.0 81.0
2h 224.5 215.5 142.0
3h 296.0 295.0 200.5
6h 515.0 467.0 336.5
9h 653.0 576.0 445.5
12 h 706.5 616.0 481.5
18 h 766.5 686.5 532.5
24 h 796.5 726.0 563.0

Average storm rainfalls for various areas were
determined from the isohyetal pattern in Fig. 3(a).
Temporal patterns in hourly increments for the areas
within each contour were determined by taking
weighted means of selected pluviographs lying inside
the contour. Weighting was done by estimating the
proportion of the total area for which a particular
pluviograph was thought representative. The
temporal patterns were then applied to the respective
areal rainfalls to produce rainfalls for various
durations and these are shown in Fig. 5. Rainfall over
100 sq km ranged from 103 mm in one hour to 724

mm in forty-eight hours. The temporal patterns for
areas of 25, 100, and 630 sq km are shown in Fig. 6.

Synoptic situation
Surface

The surface chart at 1200 EDST 17 February, before
the heavy rain began, showed a cold front extending
from the southern Tasman Sea to the New South
Wales coast near Newcastle, with a high pressure area
well south of the continent (see Fig. 7(a)). A wave
appears to have developed on the front about 200
km east of the New South Wales south coast.
Systems continued to move eastward at southern
latitudes with the front reaching New Zealand by
0300 EDST 18 February. North of-the wave
development the remnants of the front became a
retrogressive trough by 2100 EDST 17 February. By
that time a mesoscale low had formed to the west
of Newcastle with another small centre just south of
Norah Head. This centre moved south to the Sydney
metropolitan area by 0300 EDST 18 February and
remained there until about 1500 EDST, before
moving westward. An associated trough, which
extended to the south, moved slowly from east to
west over the Illawarra area during the morning and
early afternoon of 18 February. Figure 7(b) shows
the chart at 1200 EDST 18 February, toward the end
of the period of very heavy rainfall. The high
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Fig. 4 Temporal patterns of rainfall at Wongawilli, Beth Salem, and Brogers No 2 over the period 0900 EDST 17 February
1984 to 0900 EDST 19 February 1984.
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Fig. 6 Temporal patterns of rainfall over areas of 25, 100 and 630 sq km during the period 0900 EDST 17 February 1984

to 0900 EDST 19 February 1984.
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pressure centre has moved to the southern Tasman
Sea and a confluent northeasterly flow is evident to
the east of the trough and south of 32°S.

Upper levels

At the 850 and 750 mb levels a slowly moving low
persisted near the Sydney to Newcastle area from
about 1500 EDST 17 February to about 1500 EDST
18 February. A trough extended from the low in a
southward direction. This trough slowly ‘oscillated’
over the Illawarra district between 2100 EDST 17
February and 2100 EDST 18 February moving at first
to the west, then slightly to the east, and finally to
the west again. Figure 8 gives the 850 mb analysis
for 0900 EDST 18 February. It can be seen that a
zone of marked confluence existed in the
southeastern sector of the low. This was also
particularly evident at 0300 EDST 18 February, but
was not as marked by 1500 EDST.

A cut-off low at the 500 mb level moved from near
southern New South Wales at 0900 EDST 17
February to be west of Wollongong by 2100 EDST
17 February. The low was nearly stationary during
the following 24 hours, showing only a slight
northward movement. However a second low
became evident during 18 February over northern
inland New South Wales. Throughout 17 and 18
February a broad thermal trough persisted over New
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Fig. 8 Contour analysis (gpm) at 850 mb, 0900 EDST 18
Feburary 1984. :
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South Wales. The 500 mb analysis for 0900 EDST
18 February is shown in Fig. 9.

At the 300 mb level a trough moved from the
southwest of New South Wales at 0900 17 February
to the centre of the State with a NW/SE orientation
by 0300 EDST 18 February. A southerly jet of 50
to 60 knots lay over western Victoria at that time.
During the next six hours (the time of onset of the
heaviest rain) a cut-off low became detectable for
the first time near central New South Wales.

L0 1680 wid 1520

1520 1540

Fig. 9 Contour analysis (solid lines, gpm) and isotherm
analysis (dashed lines, °C) at 500 mb, 0900 EDST
18 February 1984. Trough lines are shown by thick
daghed lines.

Vertical temperature and dew-point soundings

Soundings from Nowra at 0325 EDST and 0845
EDST 18 February 1984 and from Sydney Airport
at 0600 EDST 18 February 1984 are given in Fig. 10.
Although these soundings were made during the
period of heavy rainfall they are not thought to be
completely representative of the air flowing into the
.area concerned. Low-level temperatures and dew-
points here would have been higher than at Nowra
and the inversion evident at Sydney Airport would
not have been as marked. The role of the inversion
in focusing the heavy rainfall is discussed in a later
section.

Fig. 10 Vertical temperature (°C) and dew-point (°C)
soundings for 0325 EDST (dashed line), 0845 EDST
(dotted lines) from Nowra and for 0600 EDST
(solid lines) from Sydney Airport on 18 February
1984.
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There was also a sounding from Nowra at 2035
EDST 17 February, just before the start of the heavy
rain. It was similar to the sounding at 0845 EDST
the next day, but below 780 mb it was more unstable
than the later sounding and between 600 and 450 mb
it was about 2°C cooler.

Analysis of radar, hourly rainfall, and
mesoscale wind data

Radar Plan Position Indicator (PPI) data from the
Plessey WF44 10 cm, three degree beamwidth radar
located at Sydney Airport are recorded on 16 mm
film at eight-minute intervals. Unfortunately there
were technical problems about the time of the flood
event and the times at which photographs were taken
are not indicated on the film. Independent data
obtained from the record of the Terminal Area
Severe Turbulence (TAST) service at Sydney Airport
made it possible to determine these times with
reasonable confidence. Comparison of the radar data
with hourly rainfall analyses further increased
confidence in their accuracy. The radar data within
the area bounded by latitudes 34° 15’S and 34° 45’S
and longitudes 150° 30'E and 151° 00’ E are shown
in Fig. 11. Hourly rainfall analyses within this same
area are based on the twenty-four pluviographs
located there. However, there are no data in the
southeast quadrant. The rainfall data and surface
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Fig. 11 Radar observations within the area bounded by latitudes 34°15’S and 34°45’S and longitudes 150°30'E and 151°00°'E
at (a) 0232 EDST, (b) 0504 EDST, (c) 0632 EDST and (d) 1232 EDST. In each case the location of Wongawilli

is indicated by ‘W’,
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streamline analyses based on wind data at the
beginning of the hour are shown in Fig. 12. There
were nine Woelfle anemometers at various elevations
within the above area, insufficient to adequately
analyse all the area. Terrain level streamlines in Fig.
12 are drawn only where there are data to support
the analysis.

The radar data show the nature of the event,
although quantitative details are lacking.
Precipitation areas over the sea during the period
0232 EDST to 1440 EDST 18 February were mainly
convective and were developing to the east and
northeast of Sydney, moving to the southwest and
crossing the coast about 40 km south of Sydney. For
much of the period there was a quasi-stationary area
of precipitation oriented southwest to northeast over
the heavy rainfall region shown in Fig. 3(a). Within
this area convective cells were forming on the eastern
side and then moving to the southwest.

The hourly rainfall analyses show that from 2000
EDST 17 February to 0300 EDST 18 February the
heaviest rainfall was fairly uniformly distributed
along the Illawarra escarpment northeast of
Robertson. Winds on the coast were initially east-
southeast at 20 to 30 kn but by 0000 EDST the speed
had reached 30 kn at Bellambi and 40 kn at Port
Kembla. At 0200 EDST convergent flow was evident
between these two locations and Mt Keira. Figure
12(a) shows streamlines at this time and rainfall over
the following hour. In the hour beginning 0300
EDST rainfall of more than 50 mm occurred on the
escarpment north of Bellambi. The radar data at
0232 EDST (Fig. 11(a)) show precipitation over much
of the area but it was most concentrated from the
coast to the escarpment.

By 0400 EDST (Fig. 12(b)) a mesoscale low had
developed near Mt Keira and the wind at Port

~Kembla had strengthened to 50 kn. Very strong
convergence of about 3 x 107 s*! was evident near
the coast east of Mt Keira. Convergence values were
calculated using a modification of the method
described in Atkinson (1981, Ch. 7) and including
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only winds from anemometers lower than 100 m
elevation. During the next hour the heaviest rainfall
was located near the escarpment to the southwest of
the centre of the low. Figure 11 (b) is the radar PP1
display at 0504 EDST and shows that the rainfall was
being produced by large convective cells. The
heaviest measured hourly rainfall (124.5 mm) fell at
Wongawilli in the hour beginning 0600 EDST and
Fig. 12(c) shows the isohyets for this hour and the
streamline analysis at that time. A mesolow was still
evident near Mt Keira with strong convergence (more
than 3 x 103 s!) near the coast. There was no
rainfall along the escarpment to the north of the low.
The radar data at 0632 EDST (Fig. 11(c)) confirm
the absence of rain from this area and the full 111
km range PPI display shows that the precipitation
over land was confined within the area of Fig. 11(c)
and that the precipitation over the sea was mostly
within an area beginning 85 km to the northeast. This
indicates that most of the upward vertical motion
was concentrated near the [llawarra coast. In the next
hour the heavy rainfall centre moved to the southwest
and was due west of another mesolow centre near
Dapto. The Mt Keira mesolow was still evident at
1000 EDST but the wind speed at Port Kembla had
decreased to 35 kn and the rainfall was not as intense.
The maximum rainfall over the hour following 1000
EDST was now 75 to 80 mm, about 50 mm less than
the maximum four hours earlier.

By 1100 EDST there was no evidence of a low near
Mt Keira. Convergence to the south was still strong,
particularly over Lake Illawarra, however the
maximum rainfall rate had further decreased. At
1200 EDST (Fig. 12(d)) all winds excepting Dapto
were east-southeasterly and the heavy rainfall was
more uniformly distributed along the escarpment.
The radar data at 1232 EDST (Fig. 11(d)) and
through this hour show that the rainfall was mainly
confined to the elevated topography, indicating that
it was topographically generated. For the next seven
hours the rainfall was heaviest along the escarpment
with winds approximately normal to it. After 1900






