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The 1993-94 tropical cyclone séason in the South Pacific and southeast Indian
Ocean was influenced by a return to more neutral ENSO conditions and a near-
normal Walker circulation. Much of the region was characterised by positive sea-
surface temperature anomalies. A total of fourteen cyclones formed across the region
of which eight occurred in the southeast Indian Ocean. Cyclone numbers over the
region to the east of 165°E were well below the long-term climatological average
whereas cyclone numbers over the remainder of the region were slightly above

average.

Introduction

This paper provides a summary of tropical
cyclone activity in the South Pacific and southeast
Indian Ocean during the 1993-94 cyclone season.
The material presented is drawn from
information provided by the Australian Tropical
Cyclone Warning Centres (TCWC) at Perth and
Brisbane, the Fiji Meteorological Service at Nadi
and MetService New Zealand.

The cyclone season extended from 16
December to 30 April, during which time fourteen
cyclones formed between 80°E and 120°W (see
Table 1). Of these, nine reached hurricane inten-
sity. Cyclone occurrences as a whole were close to
long-term climatological averages quoted by Etro
and Morse (1994), however, the number east of
165°E was less than climatology. Only one cyclone
was named east of 165°E compared to the
1981-93 mean of 5.3, and no cyclones developed
east of the date-line. On the other hand, both the
Australian (105°E-165°E) sector and the Indian
Ocean (80°E-105°E) had slightly above average
numbers of cyclones. Six-month mean charts for
the period November 1993 to April 1994 showed
a better-developed monsoon over these regions.
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El Nifio-Southern Oscillation (ENSO) con-
ditions dominated the region for much of the
period 1991 to 1994 (e.g. Bigg 1995). ENSO
conditions were particularly marked in the first
half of 1993, however the 1993-94 tropical
cyclone season saw some respite before re-devel-
opment of ENSO anomalies during 1994. The
monsoon was well developed west of the date-line
and although the monsoon trough was located a
little north of its climatological latitude, the
monsoon did not penetrate significantly east of
the date-line. The distribution of cyclone genesis
reflected the broad monsoon behaviour.

Large-scale circulation features

Averaged over the six months, the subtropical
ridge (STR) in the Australian region was near its
climatological location, but a little stronger than
normal. Further east, above-normal pressures
extended to lower latitudes and the monsoon in
the southwest Pacific was displaced somewhat
north of its mean position. Consistent with this,
tropical cyclone activity east of 165°E was less
than the long term average (Etro and Morse 1994).
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Table 1. Tropical cyclones in the South Pacific and southeast Indian Oceans 1993-94. Rewa I, I] refer to the first and

second stages respectively of the lifecycle of Rewa.

Initial tropical cyclone phase

Low first identified . Time
Name Date Lat. Long. Date (UTC) Lat. Long.
Naomi 15 Dec 12°S 121°E 16 Dec 0000 15.4°S 121.9°E
Oscar 28 Dec 12°S 130°E 3 Jan 0000 16.7°S 120.3°E
Rewa I 28 Dec 9°S 168°E 28 Dec 1800 10.0°S 164.5°E
Rewa Il 13 Jan 0000 11.5°S 153.4°E
Pearl! 11 Jan 15°S 121°E 11 Jan 1200 16.2°S 120.0°E
Sarah 20 Jan 15°S 170°E 22 Jan 0300 14.9°S 163.8°E
Quenton 23 Jan 10°S 110°E 25 Jan 0000 12.8°S 106.6°E
Sadie 29 Jan 12°S 137°E 30 Jan 0000 13.2°S 140.0°E
Theodore 22 Feb 78 155°E 23 Feb 1800 11.5°S 154.4°E
Sharon 12 Mar 10°S 119°E 13 Mar 1200 10.7°S 115.0°E
Tomas 20 Mar 10°S 178°W 22 Mar 1800 12.5°S 171.4°E
Usha 24 Mar 12°S IST°E 24 Mar 1800 12.4°S 160.5°E
Tim 28 Mar 10°S 115°E 30 Mar 0000 11.6°S 112.0°E
Vivienne 6 Apr 10°S 127°E 7 Apr 0300 10.8°S 123.2°E
Willy 27 Apr 7°S 94°E 28 Apr 0600 8.1°S 94.4°E
Maximum intensity End tropical cyclone phase
Time Mean wind Time
Name Date (UTC) Lat. Long. (m/s) Date (UTC) Lat. Long.
Naomi 17 Dec 0000 18.4°S 121.5°E 38 18 Dec 0600 23.5°S 122.2°E
Oscar 3 Jan 0600 17.1°S 119.5°E 18 3 Jan 0900 17.0°S 119.0°E
Rewa I 2 Jan 1200 16.9°S 153.9°E 57 8 Jan 1200 18.6°S 166.6°E
Rewa I1 16 Jan 1800 17.9°S 157.9°E 57 21 Jan 1200 28.2°S 158.5°E
Pearl .17 Jan 1200 16.4°S 93.0°E 4] 19 Jan 1800 22.0°S 87.5°E
Sarah 25 Jan 0000 15.3°S 162.9°E 44 01 Feb 1200 28.5°S 180.0°E
Quenton 26 Jan 1200 16.1°S 105.1°E 36 27 Jan 1500 19.2°S 101.0°E
Sadie 30 Jan 1800 16.0°S 140.8°E 26 31 Jan 0600 18.6°S 142.0°E
Theodore 25 Feb 0600 13.5°S 156.5°E 60 27 Feb 2100 28.0°S 173.5°E
Sharon 15 Mar 1200 15.9°S 112.7E 49 18 Mar 1800 22.1°S 104.4°E
Tomas 25 Mar 0000 20.6°S 174.0°E 41 25 Mar 1800 23.4°S 179.8°W
Usha 26 Mar 1200 17.4°S 169.1°E 26 29 Mar 0600 26.3°S 168.4°E
Tim 31 Mar 0000 11.3°S 108.5°E 18 31 Mar 1800 11.2°S 104.3°E
Vivienne 8 Apr 0000 12.5°S 121.0°E 36 10 Apr 2100 16.4°S 108.1°E
Willy 29 Apr 0600 10.6°S 95.7E 25 30 Apr 0300 13.2°S 94.9°E

Significantly weaker than normal northeasterly
trade flow was analysed through the western north
Pacific. This contributed to comparatively weak
cross-equatorial flow over most of the longitude
range west of the date-line and weaker than
normal monsoon westerlies at Australian longi-
tudes. In the Indian Ocean and western
Indonesian monsoon regions, pressures were a
little lower than average indicating a well-
developed monsoon circulation. The centre of
lowest pressure in the Indian Ocean was close to
its normal position and strength.

Six-month charts for the Darwin Regional
Specialised Meteorological Centre (RSMC) area
(70°E-180°E) showed a significant region of
convergent westerly anomalies at low levels near
the equator between Papua New Guinea and the
date-line, topped by divergent easterly anomalies
at 200 hPa. The low-level pattern was at least

partially in evidence in each month throughout
the season, but both these features strengthened
during March, coincident with an abrupt fall in
the Southern Oscillation Index (SOI).

The westerly equatorial anomalies indicated an
enhanced monsoon in the narrow longitudinal
zone between 140°E and 165°E. In contrast, much
of the central and eastern Pacific was character-
ised at low latitudes by above average easterly
winds, consistent with above normal pressures,
and more typical of an anti-ENSO phase.

Climatic indices

The SOI is defined as ten times the normalised
difference in monthly pressure anomaly between
Tahiti and Darwin. After continuously negative
values from October 1992 to October 1993, the
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SOI rose to + | in November 1993 and remained
near zero until February 1994, indicating neutral
ENSO conditions and a near-normal Walker
circulation. In March it dipped abruptly to —10
then fell to —20 in April, providing an early
indication of re-development of El Nifio
conditions.

Much of the region was characterised by
positive sea-surface temperature (SST) anomalies
throughout the cyclone season. The warmest
seasonal anomalies were evident near the
equatorial date-line with another warmer patch to
the east of Tahiti. A weak cool tongue was evident
in the eastern equatorial Pacific in November and
this slowly strengthened during the six months.
Cool anomalies initially affected much of the
Pacific south of about 10°S, but by the end of the
period cool anomalies were confined mostly to the
southwest Pacific and the north Australian region.

In the latter areas this was a change from earlier in
the season when weak warm anomalies were
prevalent, a change consistent with that in the
state of the Walker circulation indicated by the
falling SOI. In the Indian Ocean, weak warm
anomalies were observed at low southern
latitudes for the six months. An anomalously
cooler band centred initially near 20°S began to
weaken in March and most of the Indian Ocean
was covered by moderate warm anomalies by
April.

Monthly maps of outgoing long wave radiation
anomaly, inferred from satellite imagery, implied
below normal convection over large parts of the
tropical South Pacific east of the date-line for the
majority of months. Although inter-month varia-
bility was high, tropical regions west of the date-
line were generally more active, February being
particularly so.

Fig.1 Tracks of cyclones Naomi, Oscar, Pearl, Quenton, Sharon, Tim, Vivienne and Willy. Open circles denote positions
at which a low was first identified and when the tropical low finally dissipated, solid circles mark the beginning and

end of the tropical cyclone phase, solid diamond denotes the time(s) at which maximum intensity was

reached.
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Intraseasonal modulation

Variations in broadscale tropical weather activity
were well defined and regular during the six
months. Six major active phases of the 30 to
60-day intraseasonal oscitlation (ISO) occurred,
though higher frequency modes were also present.
Active phases affected the southern hemisphere
tropics in all months. However, the peak phases
which occurred in the seasonal transitional
months of November and April were somewhat
less vigorous than the others, especially about
Australian longitudes. In terms of broadscale
convection, February was the most active month.
Paradoxically though, only one tropical cyclone
was named during February in the longitude
range. A partial explanation for this is that the
monsoon trough was largely over land at
Australian longitudes. The majority of the cyclone
genesis events were linked to active ISO phases.
Pulses were often manifested as surges in the
westerly monsoon flow or general increases in the
broadscale upper divergence in the vicinity of a
pre-cyclone convective cluster.

Verification statistics

Position verification -statistics for each cyclone
(Table 2) were derived by comparing the official
warnings issued by the relevant Tropical Cyclone
Warning Centres with post analysis ‘best track’
positions.

Errors were generally of a similar magnitude to
those recorded in previous seasons. The very large
initial position error of 94 kilometres for cyclone
Sharon was due to strong shearing of the system
leading to fracture of the circulation. The shearing
process was masked by high and middle level
cloud for a period of about 24 hours. While the
high level cloud associated with the cyclone
moved in a southerly direction, the low level
centre slowed, then moved away to the west
steered by lower level easterly flow. The poor
initial location errors for Sharon also led to large
forecast position errors. The smallest 12-hour
position error of 65 kilometres was achieved with
cyclone Pearl, a well behaved cyclone with a
consistent westward movement and forward
speed.

Tropical cyclones in the South
Pacific and southeast Indian Oceans
1993-94

Naomi (P): 15 December—18 December 1993
(Fig. 1)

Naomi was the first tropical cyclone to form dur-
ing the 1993-94 season. The precursor to cyclone
formation was a broad tropical low located off the
northwest Kimberley coast. While the structure of
the low appeared to be quite complex in the early
stages of development, a dominant centre materi-
alised during 15 December which tracked south-

Table 2. Position forecast verification statistics for official warnings issued by TCWCs: Nadi (N); Brisbane (B); Perth
(P). Forecast positions are verified against official best track.

Forecast Oh 12 h 24 h 48 h
lead time error error error error

Name (km) number (km) number (km) number (km) number
Naomi (P) 19 3 83 3 246 1

Oscar (P) 35 S 132 4 178 4

Rewa (N,B) 19 64 104 54 220 52 381 44
Pearl (P) 31 30 65 27 170 28 361 13
Sarah (N) 17 35 86 29 171 27

Quenton (P) 38 20 103 20 214 12 472 5
Theodore (B,N) 9 12 110 9 274 9 541 5
Sadie (B) 51 3 169 3 311 2

Sharon (P) 94 23 161 22 272 22 543 5
Tomas (N) 50 26 146 15 271 12

Usha (B,N) 39 17 139 15 290 13

Tim (P) 80 10 101 7 144 7 292 1
Vivienne (P) 49 23 112 17 212 15 428 6
Willy (P) 77 7 195 4 241 2

Total 278 229 206 79
Mean 43 122 229 431
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wards. This development appeared to coincide
with a surge in the southeasterly flow associated
with a strong high moving into the Great Aus-
tralian Bight. There was little evidence of a cross-
equatorial surge from the northern hemisphere.
Following cyclone formation early on 16 Decem-
ber Naomi continued to move southwards and
intensified, revealing an eye on infrared imagery
in the early hours of 17 December. The eye of the
cyclone passed directly over a fishing vessel oper-
ating to the west of Broome. The strength of the
wind stripped paint from the exterior surfaces of
the vessel and the life raft was lost overboard, but
fortunately the occupants survived. The cyclone
crossed the West Kimberley coastline at 0300
UTC 17 December, about 130 km southwest of
Broome. At the time of landfall near Nita Downs
and Anna Plains Station the cyclone was
estimated to be near peak intensity, with sus-
tained winds of 38 m/s but with a radius to gale-
force winds of only 35 kilometres. Severe property
damage occurred at the Stations. Leaves were
stripped from vegetation in a 30 kilometre swathe
along the cyclone track.

Oscar (P): 28 December 1993 to 9 January 1994
(Fig. 1)

Tropical cyclone Oscar was a small weak system
throughout its lifetime. It only barely reached
tropical cyclone intensity for a period of about 12
hours on 3 January. Oscar was first analysed as a
tropical low, central pressure 1005 hPa at 0000
UTC 28 December near Darwin. It moved on a
west-southwesterly course parallel to the north-
west Australian coast and dissipated early on 9
January off the northwest Australian coastline.
The initial development of Oscar was aided by the
combination of a moderate westerly monsoon
flow to the north (enhanced by typhoon Nell
passing across the Philippines), and a favourable
positioning beneath the upper-level ridge axis.
Intensification was inhibited by vertical wind
shear. Oscar had no impact on the West
Australian coastline.

Rewa (N and B): 28 December 1993 to 21
January 1994 (Fig. 2)

Tropical cyclone Rewa was a remarkably long-
lived event with a lifetime spanning 25 days.
There were two separate periods when sustained

Fig. 2 Tracks of cyclones Sadie and Rewa. Symbols as in Fig. 1.
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winds near the centre were estimated to have
reached 57 m/s. The track of Rewa was erratic; the
cyclone underwent several major changes in
direction during its lifetime.

Rewa began as a tropical depression situated to
the north of Vanuatu at 0600 UTC 28 December.
The low moved in a westerly direction and
reached cyclone intensity later that day. The
cyclone then moved west-southwest and slowly
began to deepen, crossing the southern tip of the
island of Malaita before passing south of Guadal-
canal Island in its passage through the Solomons.
By 0600 UTC, with a central pressure of 975 hPa,
the system had assumed a more westerly move-
ment. By 1200 UTC 31 December Rewa
(estimated central pressure of 965 hPa) had
recurved towards the south. By late on 1 January
1994 Rewa was deepening rapidly and the central
pressure had fallen to 940 hPa. The cyclone then
moved in a more south-southeasterly direction
and deepened further to have an estimated central
pressure of 920 hPa. The central pressure
appeared to remain around 920 hPa between
1200 UTC 2 January and 0000 UTC on the 3rd.
Rewa then began to weaken slowly and move
more towards the southeast. From 0600 UTC 4
January Rewa moved in a general easterly
direction while continuing to weaken.

By 1800 UTC 5 January, while still weakening,
the cyclone passed over central New Caledonia
heading in a northeasterly direction. This move-
ment generally persisted until 1200 UTC on 7
January when the central pressure had risen to
1000 hPa. Near this point the weakening system
recurved to the northwest and continued to move
in this direction until late on 10 January. Shortly
afterwards the system assumed a more westerly
movement.

Early on 11 January Rewa was showing signs of
intensification and had begun to move in a long
arc to the northwest and then to the north. Later
that day the intensification rate had slowed.
Intensification resumed on 13 January and at
0600 UTC the system was situated near the north-
west tip of Tagula Island in the Louisiade Archi-
pelago with central pressure estimated to be
985 hPa. The cyclone then executed a sharp clock-
wise turn just off the northern side of Tagula
Island and by 1800 UTC was moving steadily
southeast. The reinvigorated Rewa continued to
move southeast and by 1800 UTC on 16 January
the central pressure was estimated to have fallen
to 920 hPa. This central pressure was estimated to
have occurred over the 12-hour period from 1200
UTC 16 January to 0000 UTC 17 January, equal-
ling the lowest pressure achieved by Rewa earlier
in its lifetime. The cyclone then recurved to the
west-southwest. Fortunately it was weakening as
it approached the Queensland coastline. By 0000
UTC 19 January Rewa had turned south on a
track parallel to the Queensland coast. From 1800

UTC the track was more towards the southeast
away from the coast while weakening continued.
Rewa was estimated to have weakened to below
cyclone strength by the morning of 21 January
when located north of Lord Howe Island.

The remnants of the cyclone moved southeast
across the Tasman Sea, approaching the north of
the South Island of New Zealand during 23
January where very heavy rainfalls were recorded
(Ready 1994).

The two periods when the cyclone was at
maximum intensity occurred when the cyclone
was well away from land. However nine people
were lost in a boat off the east coast of Papua New
Guinea due to heavy seas associated with Rewa. A
boy died when trapped in a storm water pipe after
heavy thunderstorm rainfall over Brisbane. The
heavy rain was caused by an interaction between a
front and the decaying cyclone.

Pearl (P): 11 January 1994-21 January 1994
(Fig. 1)

Tropical cyclone Pearl was a very small, severe
cyclone that achieved hurricane intensity for
several days. It was first analysed as a tropical low
early on | 1 January when located to the northwest
of Broome. The low was positioned beneath the
upper ridge axis which, when combined with a
moderate cross-equatorial northwesterly flow,
appeared to contribute to abnormally rapid cyc-
logenesis. By 0600 UTC 12 January Pear! had
reached hurricane intensity. The cyclone moved
on a generally westward path from just off the
West Kimberley coastline, covering a distance of
more than 4000 kilometres before decaying in the
central Indian Ocean on 21 January. Pear! was
steered by the middle-level easterly flow to the
north of the subtropical ridge axis. It was located
beneath the upper-level ridge axis during most of
its lifetime and thus experienced little shear.
Weakening occurred when it moved to the south
of the upper ridge axis into a region of increasing
westerly flow.

Sarah (N): 20 January to 3 March 1994 (Fig. 4)

Sarah was the second cyclone to form in the Nadi
TCWC area of responsibility. As tropical cyclone
Rewa weakened along the Queensland coast, it
extended a trough northeast over Vanuatu to the
north of Fiji. On 18 January a weak low developed
on this trough to the northwest of Fiji. The low
moved west to pass between Vila and Santo on 20
January and then appeared to become weak to the
west of Vanuatu. As the low moved slowly north-
west on 21 and 22 January rapid development
took place west of Santo and the cyclone was
named at 0300 UTC 22 January. Sarah reached
hurricane intensity by 0600 UTC 23 January and
became slow moving about 500 kilometres west of
Santo, completing two small loops. From 0000
UTC 25 January with maximum sustained winds
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estimated at 44 m/s, Sarah began moving
southeast under the influence of upper level
northwesterly steering and passed between
Vanuatu and New Caledonia on 26 and 27
January.

Ready (1994) reported that during 27 and 28
January, satellite imagery showed a significant
decrease in deep convection near the cyclone
centre, indicative of ongoing weakening.
However, observations from a Fiji trading vessel
suggested that the actual intensity was consider-
ably stronger than that indicated by the infrared
imagery. This was supported by the daytime
visual imagery which showed a well-developed
circulation at low levels. Although its cloud struc-
ture was no longer that of a tropical cyclone the
low still possessed storm-force winds as it passed
close to Raoul Island in the Kermandec group late
on 31 January. Sarah continued to accelerate into
higher latitudes on 2 February as an upper-level
trough moved towards the cyclone, and was
eventually absorbed into the westerlies south of
50°S.

Although the most intense winds associated
with Sarah were confined to ocean areas, much of
Vanuatu and New Caledonia were affected by
gale-force winds. Sarah passed very close to
Mathew and Hunter Islands where hurricane-
force winds were probably experienced.

Tropical cyclone Sarah was a potentially devas-
tating storm with estimated sustained winds of
44 m/s near its centre. Sarah passed between New
Caledonia and Vanuatu but its broad area of gales
and heavy rain did extend onto these island
groups causing some damage. The most severe
damage reported was to the wharf at Lenakel on
Vanuatu where the estimated cost of repairing the
docking facility was about US$500,000. This
damage probably resulted from the heavy swells
generated as Sarah passed about 180 kilometres to
the west. Vanuatu also reported considerable
damage to traditional housing and gardens and
some damage was also reported to modern build-
ings. In New Caledonia, houses and plantations
suffered heavy damage from the prolonged heavy
rain and strong winds.

Fig. 3 Tracks of cyclones Tomas and Usha. Symbols as in Fig. 1.
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Quenton (P): 23 January to 29 January 1994
(Fig. 1)

Tropical cyclone Quenton began as a tropical low
to the east of Christmas Island at 0000 UTC 23
January. Enhanced cross-equatorial flow result-
ing from a surge in the northeast trades across the
South China Sea during the previous two days,
combined with an enhanced region of upper-level
divergence over the equatorial east Indian Ocean
appeared to be the major factors responsible for
cyclogenesis. The low moved slowly southwest,
reaching cyclone strength on the morning of 25
January. Further intensification occurred as the
cyclone took a more southerly track during that
day. The period of more southward movement
was associated with an increase in meridionality
of the middle-level flow due to an amplifying
trough to the south. During 26 January the
middle-level trough relaxed and the cyclone
changed direction back towards the southwest
and formed an eye. By early on 27 January low-
level cloud lines on the northwest side of the
circulation indicated that shearing was taking
place. The increase in shear was due to a combi-
nation of strengthening northwest winds in the

high levels and a strong northeast flow in lower
levels. Quenton continued to move to the south-
west and weakened to below cyclone strength
during 27 January.

Sadie (B): 29 January 1994 to 31 January 1994
(Fig. 2)

Tropical cyclone Sadie was a weak, short lived
cyclone which traversed the eastern Gulf of
Carpentaria before moving over land as a rain
depression. It became the major part of a low
pressure area that brought drought breaking rains
to northeast inland parts of Queensland. Sadie
developed from a tropical low located near the
northeastern Northern Territory coastline during
29 February. The low moved in an east-southeast-
erly direction and deepened slowly at first. Later
in the day more rapid intensification took place
and by 0000 UTC 30 January the central pressure
was estimated to have been 990 hPa with gale-
force winds surrounding the centre. Sadie
recurved towards the south and maintained this
direction until 1200 UTC 30 January when it
began moving east towards the west coast of the
Gulf of Carpentaria. Shortly before crossing the

Fig. 4 Tracks of cyclones Theodore and Sarah. Symbols as in Fig. 1
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