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A thunderstorm outflow current
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A coastal thunderstorm near Sydney, Australia, created an outflow gravity current
that propagated for at least 45 km over the ocean. The outflow entrained air from a
bushfire, making it visible. Thunderstorm-generated gravity currents are not always
visible and the present data supports the observation that large gravity currents are

known to occur in this area.

Introduction and background

It is well known that thunderstorms can create
gravity currents when they generate large outflows
of cold air (Simpson 1987; Fulton et al. 1990;
Manasseh and Middleton 1995). The cold air is
generated by the evaporation of precipitation and
these horizontally propagating currents are often
invisible. If they pass over arid land they may
entrain dust and are then visible; these phenom-
ena are known as ‘haboobs’ (Simpson 1987) in
North Africa and parts of Europe.

A gravity current has a well-known structure
consisting of a head and a following flow. The air-
flow within the head consists of a rapid feeder
flow near the ground and in the direction of
propagation of the current, which sweeps verti-
cally upwards at the nose of the current and brings
air to the top of the head. The head may have tur-
bulent eddies on top of it caused by shear-flow
instabilities, which may take the form of Kelvin-
Helmholtz billows. Gravity currents can be haz-
ardous to aircraft; the instantaneous wind speed
change encountered in flying through a gravity
current can be as much as 30-35 m s\
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Aircraft have undergone structural failure while
flying through the billows (Simpson 1987)
although the major loss of aircraft and life in gust
fronts has been associated with the loss of lift due
to the wind shift.

The event discussed occurred on 11 April 1994;
times quoted are in Eastern Australian Standard
Time, which is 10 hours in advance of Universal
Coordinated Time. The dry-bulb temperature at
Sydney Airport was 18.8°C at 1500 and the
relative humidity was 41 per cent. Winds at
Sydney Airport were west-southwesterly at about
5-7 m s~! during the early afternoon of 11 April.
Figure 1 is a map of the region of interest.

Fires were lit by the Sydney Water Board in
forested areas around Cordeaux Reservoir as a
routine hazard-reduction measure. These burn-
offs occurred along two lines as shown in Fig. |
and made a plume of smoke that was advected to
the east by the prevailing wind.

Observations

Visual observations were made from the 14th
floor of a building at the University of New South
Wales (UNSW). The plume from the fires at Cor-
deaux Reservoir was noted from UNSW by 1430.
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Fig.1 Map of the region of interest. Latitude and longi-
tude are in decimal degrees. The lines emanating
from UNSW and marked with the time are the
lines of sight along which photographs referred to
in the text. were taken.
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Cumulus was observed to the south-southwest
and had clearly changed into cumulonimbus by
1.550.

Figure 2 is a radar image taken at 1540 from a
Bureau of Meteorology weather watch radar
located about 55 km southwest of UNSW (see
Fig. 1). It shows a precipitation zone over the
ocean about 40 km south-southwest of UNSW,
coincident with the thunderstorm observed from
UNSW. The radar reflectivity peak corresponds
to a zone of intense precipitation, with a rainfall
rate greater than 100 mm h-!. This was probably
the source of cold downdraughts and outflows.
The centre of this zone is also marked on Fig. 1.

At 1556 an unusual, low cloud was observed
from UNSW, moving in an east or northeasterly
direction. It was clearly made up of bushfire
smoke and, although it was not a cloud in the stan-
dard sense, the word ‘cloud’ will be used here to
distinguish it from the initial smoke plume. The
officer on duty at Sydney Airport’s meteorological
station estimated its height at about 1000 m and
described it as ‘stratus’, although he later told one
of the authors that he had been unable to decide
on its nature.

This stage is shown in Fig. 3. The dark cloud in
the top right-hand quadrant is the base of the
cumulonimbus. The smoke cloud does not extend
all the way to the cumulonimbus base at the right-

Fig. 2 Weather radar image taken at 1540. The radar
location is shown in Fig. 1.
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hand side. The mean height of the smoke plume is
about half the height of the head of the smoke
cloud; the smoke plume can just be made out as a
sinuous band in the middle of the bright zone. An
aircraft is descending to land on the east-west
runway of Sydney Airport (runway 25).

By 1601 the head of the smoke cloud was off
Kurnell. This stage is shown in Fig. 4, where the
head appears in sharp relief against the backdrop
of cumulonimbus. An anemometer at Kurnell,
from which data were logged every two seconds,
showed no wind change at the time, confirming
that the phenomenon was offshore.

The smoke cloud’s head crossed a line through
Long Bay at 1609, as shown in Fig 5, at this stage
appearing more diffuse. The sunlight coming
from the west continues to highlight the smoke
cloud against the dark background.

The phenomenon crossed a line through Coo-
gee at 1624-25, as shown in Fig. 6. By this stage
the rays of sunlight are nearly normal to the smoke
cloud, hence it appears black. Its structure
appears less well-defined than at the stage of Fig.
4. The dark cloud at mid-levels is in the back-
ground. An aircraft can be seen heading approxi-
mately west-southwest prior to turning to land on
the east-west runway. An anemometer mounted
on the Ocean Reference Station (ORS1), situated
about 4 km east-northeast of Coogee and






