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A series of photographs showing two mature waterspouts, observed at 0930 LST on
2 December 1987 in the Gulf of Carpentaria, is presented. A third waterspout, in the
decay stage, was also present but not photographed. These waterspouts exhibit the
same features seen in the waterspouts of the Florida Keys, after allowing for south-
ern hemisphere flow fields. They formed close to the southern shore of the Gulf in
the rainy season when the surface temperature and humidity were high. They weie
produced from a warm cumulus cloud line and rain showers were present. The time
of day indicates that the convection was prebably triggered by cloud-top cooling,
rather than heating from below. Converging gust fronts may have played a role in the
waterspout formation. These factors can operate at night and the waterspouts may
not be visible. Even during the day waterspout vortices may not be visible from cloud
base to the sea surface. The frequency of waterspout occurrence in the Gulf is not

known, but during the rainy season is likely to be high.

Introduction

Little is known about the occurrence of water-
spouts in Australia. Most of our information
about waterspouts is based on data collected in
the Lower Keys of South Florida (see for example,
Golden 1968, 1971, 1973, 1974a,b, 1977). Since
an active observation program has been intro-
duced in that region, more than one hundred
waterspouts are observed each summer month.
However, only rarely do these vortices exhibit a
visible funnel which extends from cloud base to
sea surface. The visibility of the vortices depends
on their intensity, as measured by the pressure
deficit, and on ambient temperature and humid-
ity. If the pressure drop is not sufficient to cause
condensation then the vortex circulation is in-
visible.

The term waterspout . orten used to describe
any vortex occurring over water, from vortices of
limited depth (~ 2 km say) not associated with
rain processes to those of tornadic strength, reach-
ing to 16 km and intimately associated with the
updraft and downdraft patterns of rain processes.
We shall use the term waterspout to describe vor-
tices of intermediate depth (average cloud tops to
5700 m; Golden (1974b)) which occur in the
vicinity of rain showers. Conditions favourable to

173

waterspout formation (Gordon 1951; Morton
1966; Golden 1973, 1974b; Davies-Jones and
Kessler 1974; Schwiesow 1982; Simpson et al.
1986) include:

(a) growing, warm (temperatures above freezing)
cumulus or cumulus congestus cloud lines
with unstable subcloud and lowér cloud layer;
passage of a weak trough line, mesoscale con-
vergence and positive vorticity advection pro-
mote the formation of cloud lines. Only 5 per
cent of waterspouts form from individual
clouds not connected to a cloud line.

one or two incipient rain showers which pro-
duce pronounced gust fronts and low-level
horizontal windshear. The environmental
winds are usually light and the flow is quasi-
barotropic; the strong baroclini¢ity and verti-
cal wind shear favouring tornado develop-
ment are absent. A few waterspouts have been
reported to form from convective cells that do
not produce rain. Thunder and lightning oc-
cur on about 30 per cent of the o¢ccasions when
funnel clouds were observed in the Florida
Keys, but not necessarily in the same cloud
system. The largest and most energetic water-

(b)
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spouts seem to be associated with heavy rain
produced from large thunderstorms.

(c) high sea-surface temperature (~25-31°C) and
humidity (mixing ratio ~15-20 g kg~1!). Shal-
low, coastal waters are conducive to water-
spout development. In the Florida Keys the
largest waterspouts and the most numerous
sightings have occurred 15 to 30 km
downwind of land masses. This may in part be
due to mesoscale vorticity generated in the
wakes of islands.

Golden (1973) finds that the diurnal variation
of waterspout funnel occurrence in the Keys has a
maximum near midday (1130-1300 LST) and a
secondary maximum in the late afternoon (1630-
1830 LST); however, there is also a peak in the
early morning (0800-0900 LST). Based on data

_for the Bahamas, Peterson (1978) finds a similar
distribution with peaks between 1100-1200 LST,

1400-1500 LST and 0800-0900 LST. A

somewhat different picture, however, is presented

by Tsui (1983) in his survey of waterspouts near

Hong Kong. He finds a diurnal maximum occur-

ring between 0800-0900 LST with a secondary

maximum between 1300-1400 LST.-

A few waterspouts have been reported at night,
but the difhculties of illumination preclude an
accurate determination of the nocturnal fre-
quency.

The annual distribution of waterspouts shows a
maximum during the rainy season. In the Florida
Keys, the distribution is bi-modal with peaks in
June and August (Golden 1973). In Australia the
distribution is unknown.

The geographical frequency distribution near
Australia is also not established. Gordon (1951)
has published a preliminary estimate of global
frequency distribution based on data from British
observing ships for the years 1900-1947, but his
results are limited in value in the Australian
region because of sampling problems. For
example, he would have had no reports from the
Gulf of Carpentaria; even today there are very few
ship reports from the Gulf (Neville Smith, per-
sonal communication).

Unlike tornadoes, which usually occur singly,
waterspouts can occur in multiples — either more
than one occurring simultaneously or more than
one funnel on the same day. Golden (1973) re-
ports seeing nine complete waterspouts in a 45-
minute period on 30 June 1969, all coming from
the same cloud line. Gordon (1951) states that on
12 February 1888 the British SS Earnmoor re-
corded that more than 30 waterspouts passed the
ship. He also relates that in three per cent of the
cases studied by the US Weather Bureau more
than 15 waterspouts were seen at one time.

In this paper we document the occurrence of
three simultaneous waterspouts observed in the
Gulf of Carpentaria on 2 December 1987 by Sgt
R. Hart of the Northern Territory Police Air

Wing. Sergeant Hart reported these sightings
to us as part of a national survey of dust devils that
we conducted between | November 1987 and 31
January 1988 (Hess and Spillane 1990). We hope
that these observations will encourage more inter-
est in observing and reporting the occurrence of
waterspouts, and alert pilots and skippers, par-
ticulary of small craft, to their dangers.

Stages of development

The stages of evolution of waterspouts have been
described by Hurd (1950) and in more detail by
Golden (1974a). Not all waterspouts exhibit all of
the stages. Stage 1 is characterised by the presence
of a dark spot on the sea surface; sometimes mul-
tiple dark spots appear. The dark spot or spots
cannot be seen from the ground. In very shallow
water definite rotation can sometimes be ob-
served in the sea surface. Numerical modelling
studies (Simpson et al. 1985, 1986) suggest that
the parent cloud plays a major role in organising a
vortex extending from the cloud base to the sur-
face. This vortex is usually totally invisible at this
point, but occasionally there is a short funnel pen-
dant from the cloud at the time of initiation of the
dark spot.

In Stage 2, a spiral pattern (diameter of 150—
900 m) of dark and light streaks appears around
the dark spot. The dark bands indicate lines of
wind shear, connected with the subcloud updrafts
and rain-cooled downdrafts and outflows. These
vortex sheets wrap up to form a spiral pattern.
This is an important stage because it usually gives
the first visual clues of rotation. A condensation
funnel forms, or, if it is present in Stage 1, it
lengthens. Occasionally a ‘collar cloud’ (see Fig. 1)
develops in this stage.

Stage 3 is the spray ring stage. Rain shower
downdrafts and ouflow increase the regions of
confluence. The helical inflow intensifies to the
point where the winds are strong enough to pick
up spray from the sea surface. Measured winds
and Kelvin-Helmholtz instability theory indicate
that the wind speed is =22.5ms~! (= 45 knots)
at this stage (Golden 1974a). A light-coloured disc
forms within the dark spot and a spray ring de-
velops at the perimeter of the light-coloured
disc.

The next stage, Stage 4, is the mature water-
spout. The main features of a mature waterspout
are illustrated in Fig. 1. The vortex reaches its
maximum strength in this stage. Horizontal wind
speeds above the spray vortex of 25-35m s~ ! are
common, but values as high as 85 m s~! (190
knots) have been measured (Leverson et al. 1977,
Golden 1977). In single-cell waterspouts updraft
speeds in the core have been measured in the
range 5-10 m s~ !; immediately outside the core
downdraft speeds of up to 5 m s~! have been
encountered.
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Fig.1 A schematic composite diagram of a mature
. waterspout (Stage 4) in the southern hemisphere
(adapted from Golden (1974a)). The positive bi-
modal temperature anomalies average 0.3°-
0.6°C. In this diagram a two-cell, cyclonic vortex
is assumed. Waterspouts can be one-celled and

can rotate anticyclonically.
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The vortex forms an eye region (a hollow core);
sometimes two sheaths are apparent (Snow 1984),
Preliminary temperature measurements by
Church et al. (1973) indicated double-peaked
anomalies (see Fig. 1), which are consistent with a
two-cell vortex and a downdraft in the hollow
core. More recent measurements by Leverson
et al. (1977) have shown positive temperature
anomalies and positive vertical velocity anom-
alies in the core. These measurements are consi-
tent with a one-cell vortex.

In the wake of the waterspout a trail of bubbles
and foam occurs. It is thought that the pressure
drop in the vortex causes dissolved gases like car-
bon dioxide to effervesce (Golden 1974a); the tur-
bulent mixing around the spray vortex also creates
air bubbles in the sea.

Lastly there is the decay stage. This usually
occurs when the rain shower approaches the
waterspout vortex and destroys the helical inflow
pattern.

Microscale interactions

Three waterspouts were observed over the Gulf of
Carpentaria at 0930 LST on 2 December 1987.
The location of the sighting, between Vanderlin
and Mornington Islands, about 38 km northeast

of the southern coast of the Gulf, is shown in Fig.
2. The screen temperatures, interpoélated to 0930
LST, and the sea-surface temperature are indi-
cated in the figure. The water depth is about
20 m.

Fig. 2 The Gulf of Carpentaria. The location of the
waterspout observations ( ~ 38 km from shore) is
marked with a cross. Screen temperatures at the
Bureau of Meteorology observing stations around
the Gulf are shown, interpolated at the time of
observation (0930 LST, 2 December 1987). The
locations of the nearest radiosoride stations, Gove
and Mt Isa, pilot balloon winds station, Thursday
Island, and the nearest surface observing
stations, Centre Island and Mornington Island,
are also shown.
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The time of occurrence, 0930 LST, indicates
that the initiating instability is probably due to
cooling at the cloud tops, rather than heating at
the surface.

Figures 3 to 8 dramatically show the features of
two mature waterspouts which formed in the
southwest corner of a single cumulonimbus cell,
the middle cell of a three-cell cloud line. A third
waterspout in the decay stage was visible (but not
photographed) from the leading cell to the north.
All three waterspouts rotated cyclonically. Cloud
base was ~ 400 m and the waterspout diameters
were ~20-25 m.

A schematic composite of waterspout structure,
based on observations from the Florida Keys and
adapted for the southern hemisphere, is shown in
Fig. 1. By comparing Fig. 1 with Fig. 3 we can see
that the dominant features of mature waterspouts
are clearly illustrated: the rain shower on the left
side of the photograph, the dark lines of wind
shear forming the spiral, the region of decaying
spiral in the left foreground, the spray vortex
forming an inverted cone or wine-glass shape
(Morton 1966; Maxworthy 1973), the eye region
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Fig.3 View, looking north-northeast of two cyclonically rotating, mature waterspouts in the Gulf of Carpentaria at

Fig. 4 Close-up of the collar cloud, looking east. Fairly
good weather to the east. Calm patches evident on
the sea surface. (Photo: R. Hart.)

0930 LST 2 December 1987. Camera lens on about 100 mm setting. (Photo: R. Hart.)

of the vortex, the foam wake, the wave train and
the collar cloud. The outer condensate shell at the
upper part of the vortex has not yet developed.
The waterspout in the background is older and
exhibits more tilt as the base moves away from the
position of the collar cloud.

Figure 4 shows a close-up of the collar cloud
which is also rotating. Intermittent patches of
calm occur throughout the background. The dark
line on the left indicates wind shear.

A close-up of the spray ring and vortex and the
foam wake is seen in Fig. 5. Again the wine-glass
shape can be identified. In the foreground is the
dark helical inflow of the spiral region. In the
background the character of the sea surface is dif-
ferent because of the wave train developed
there.

A full view of the waterspouts, similar to Fig. 2,
is shown in Fig. 6. The spray ring and vortex
regions are particularly distinct. The hollow core
is becoming more apparent and the condensate
shell is beginning to form. Figure 7 shows the
mature waterspout with a fully developed conden-
sate shell. Features such as the dark spot and the
spiral, the spray vortex, the foam wake, and the
wave train can be identified.

In Fig. 8 the condensate shell is fully formed in
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Fig.5 Close-up of the spray ring, spray vortex, foam wake and wave train, looking to the southeast. The waterspout was
moving to the east. A 300 mm telephoto lens was used. (Photo: R. Hart.)

the near waterspout. A dark wind shear line in the
middle of the photograph indicates the gust-surge
line between the rain-cooled outflow and the
warm updrafts. The hollow core is now very evi-
‘dent and signs of dissipation are apparent.

Mesosynoptic-scale interactions

It is difficult to investigate the mesosynoptic-scale
interactions in detail because of lack of data. The
closest radiosonde stations are Gove and Mt Isa;
the closest pilot balloon winds station is Thursday
Island (see Fig. 2 for locations). All of these sta-
tions are beyond the 50 -100 km that Simpson et
al. (1986) suggest as an upper limit to be repre-
sentative of conditions of the cloud line. The
point of observation is also outside the range of
the Gove radar. However, we can infer from the
data available that the atmosphere was con-
ditionally unstable. At Mt Isa the winds were
southeasterly up to ~2 km, where they then
veered to westerly, indicating warm air advection.
At Centre Island there were thundershowers in the

area and the surface wind changed from south-
southwest at 25 knots at 0900 LST to southeast at
8 knots at 1200 LST. At Mornington Island at
0900 LST the weather was cloudy with a
northwest wind at 12 knots, but by 1200 LST
there were thunderstorms and a southwest wind at
18 knots. It was not possible to compute diver-
gence and convergence patterns or vorticity ad-
vection.

Some insight into the dynamics of the region
can be gained by studying the GMS-3 IR satellite
cloud patterns. Figure 9 shows the sequence of
events at six-hourly intervals between 0000 UTC
(0930 LST) on 1 December 1987 and 1800 UTC
(0330 LST) on 2 December 1987. There is a large
mesoscale convective complex (MCC) just south
of the Gulf at this time. By 0600 UTC (1530 LST)
this MCC is beginning to dissipate as it moves to
the southeast. Several isolated thunderstorm cells
have developed to the west of the Gulf. There
appears to be a tendency to form a line of thun-
derstorms at ~ 12°§ and another one at ~ 15°S.
Six hours later, by 1200 UTC (2130 LST), the
MCC has merged with coastal systems on the east
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Fig. 6 Full view of the two mature waterspouts, looking
north-northeast. (Photo: R. Hart.)
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coast. The thunderstorms to the west of the Gulf
at ~15°S have expanded and developed, and
have formed a line while those at ~ 12°S have dis-
appeared. These cells continued to amalgamate
and by 1500 UTC (0030 LST 2 December 1987)
(not shown) they have formed a MCC west of the
Gulf and two long parallel cloud lines oriented
northwest-southeast to the east of the MCC. In the
last picture in this sequence, at 1800 UTC (0330
LST 2 December 1987), the MCC continues to
grow in size as it advects over the Gulf. The cloud
lines dissipate, but individual cells intensify.

Figure 10 shows an enlargement of the photo-
graph of the GMS cloud pattern for the Gulf
region at 0000 UTC (0930 LST) on 2 December
1987. A three-cell cloud line is seen in the middle
of the photograph. The IR cloud-top temperatures
for the southwest corners of the middle and north-
ern cells are 3°C, indicating warm clouds. The
sea-surface temperature is 29°C, and the cloud
heights are ~ 5200m.

Golden (1974b) finds that the shallow cumulus
cloud lines that produced waterspouts have a
more efficient precipitation mechanism com-
pared to those that don’t produce waterspouts. He
suggests that this is because rotation reduces en-
trainment processes and thus creates stronger and
more organised updrafts. The high rainfall efh-
ciency for these clouds, however, 1s largely a result
of the deficiency of cloud condensation nucleior a

Fig. 7 Fully developed condensate shell on mature waterspout, looking south-southwest. Calm patches in the back-
ground. Dark spot, spiral inflow and wave train evident on the surface. (Photo: R. Hart.)







