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A summary is presented of the tropical cyclone season in the South Pacific and
southeast Indian Oceans for 1991-92. Seasonal activity was strongly influenced by
a mature El Niiio episode with a significant number of cyclones forming well
eastward of climatological genesis regions. A total of 17 cyclones formed between
latitudes 70°E and 120°W and all but one had some impact on land.

Introduction

This article presents a summary of the 1991-92
tropical cyclone season for the southeast Indian
Ocean and southwest Pacific basins. The sum-
mary is drawn from material provided by MetSer-
vice New Zealand, the Fiji Meteorological Service
and the Australian Bureau of Meteorology.

The cyclone season extended from 13 Novem-
ber 1991 to 1 May 1992, during which time 17
cyclones formed between 70°E and 120°W (see
Table 1). Of these, a high proportion (12) achieved
hurricane intensity. There were 82 days during
the season on which a cyclone was present.
Although long-term statistics for the area as a
whole are not available, comparisons with figures
for the regions 100°E to 120°W (WMO 1993) and
105°E to 120°W -(Mautner and Guard 1992)
suggest that cyclone numbers were close to or
slightly greater than average.

Seasonal cyclone activity was strongly modu-
lated by the influence of a mature ENSO warm
phase. The focus of cyclogenesis was spread con-
siderably eastward of its mean position, with
eleven tropical cyclones forming between 165°E
and 120°W. This is almost double the average of
5.7 (Mautner and Guard 1992). Furthermore, six
of these cyclones developed east of the date-line.

The season was also characterised by a prepon-
derance of cyclones affecting land. In particular,
the islands of Vanuatu were a favoured area for
cyclone activity throughout the season, with six

was the deadliest storm of the season, responsible
for the loss of sixteen lives in the Samoan Islands.
A further five people perished in cyclones
Wasa/Arthur (Tahitian islands), Betsy (Vanuatu)
and Esau (New Caledonia). Remarkably, only one
cyclone (Jane) had no affect on any coastal or
island community.

Large-scale circulation features

Averaged over the southern hemisphere season,
atmospheric patterns were typical of a mature El
Nifio event, the incipient stage of which was first
noted last season (see, for example, Bannister and
Smith (1993)). Across the central equatorial
Pacific, persistent low-level westerlies in the
vicinity of the date-line highlighted the weakness
of the Walker circulation. Individual monthly

- sea-surface temperature and outgoing long wave

cyclones, and three within a month, passing
through the island chain. Tropical cyclone Val
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radiation (OLR) charts provided further corrob-
orative evidence of the current warm phase.
Strong warm water anomalies dominated the east-
ern and central equatorial Pacific while cold water
anomalies persisted in waters both east and north
of the Australian continent. Over the central
equatorial Pacificc, OLR charts showed that
tropical convection was primarily focused near
and east of the date-line, particularly during the
months of December, January and March. Avail-
able monthly rainfall figures for the region were
well above average. In the extreme, March
monthly totals were up to six times greater than
average over the Line and Phoenix Islands. In
contrast, rainfall over tropical Australia was
generally average to below average.
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Table 1. Tropical cyclones in the southwest Pacific and southeast Indian Oceans 1991-92.
Initial tropical cyclone phase
Low first identified Time
Name Date Lat. Long. Date (UTC) Lat. Long.
Tia 13 Nov 9°S 162°E 16 Nov 0100 8.5°S 171.0°E
Graham 2 Dec 5°S 95°E 3 Dec 0000 6.2°S 94.3°E
Val 4 Dec 10°S 179°W 5 Dec 0700 8.9°S 176.6°W
Wasa/Arthur 3 Dec 10°S 160°W 5 Dec 1800 11.0°S 159.0°W
Betsy 5 Jan 9°S 170°E 6 Jan 1800 9.5°S 169.6°E
Mark 6 Jan 12°S 130°E 8 Jan 0600 14.0°S 138.1°E
clif 4 Feb 11°S 145°W 6 Feb 0600 11.8°S 141.6°W
Daman 11 Feb 9°S 173°W 15 Feb 0100 12.6°S 170.0°E
Harriet 24 Feb 11°S 102°E 25 Feb 0600 11.1°S 100.5°E
Esau 24 Feb 14°S 170°E 26 Feb 0700 15.7°S 167.1°E
lan 27 Feb 12°S 114°E 27 Feb 1800 11.6°S 115.5°E
Fran 4 Mar 12°S 173°W 5 Mar 1800 13.5°S 176.7°W
Gene 15 Mar 14°S 165°W 16 Mar 2200 19.1°S 162.8°W
Hettie 24 Mar 12°S 148°W 25 Mar 1800 14.8°S 149.2°W
Neville 5 Apr 9°S 131°E 7 Apr 0200 10.7°S 132.7E
Jane 7 Apr 8°S 98°E 8 Apr 1200 8.7°S 98.2°E
Innis 23 Apr 10°S 170°W 28 Apr 2100 11.3°S 172.4°E
Maximum intensity End tropical cyclone phase
Time Mean wind Time

Name Date (UTC) Lat. Long. (ms™ ) Date (Urc) Lat. Long.
Tia 18 Nov 0000 12.2°S  169.3°E 40 20 Nov 1200 16.4°S 171.4°E
Graham 5 Dec 1200 10.1°S 96.0°E 65 9 Dec 1800 14.7°S  104.8°E
Val 7 Dec 1800 13.3°S  172.4°W 45 13 Dec 0600 30.0°S  163.0°W
Wasa/Arthur 10 Dec 0600 15.2°S  154.7°W 45 17 Dec 1200 18.0°S  131.9°W
Betsy 10 Jan 0000 18.3°S  162.7°E 45 14 Jan 0600  27.6°S  160.0°E
Mark 9 Jan 1800 13.3°'S  141.1°E 30 10 Jan 1200 13.1°S  143.3°E
Ccliff 6 Feb 1800 13.7°S  139.8°W 30 9 Feb 0600  28.0°S 131.5°W
Daman 17 Feb 0000 19.5°S  161.6°E 40 18 Feb 1800 29.6°S  156.0°E
Harriet 1 Mar 0000 14.9°S 90.6°E 60 8 Mar 1200  40.0°S  110.0°E
Esau 28 Feb 1800 14.1°S  159.8°E 50 5 Mar 1200 24.9°S  165.8°E
lan 1 Mar 0900 16.7°S  117.1°E 60 3 Mar 1800 24.6°S  118.0°E
Fran 8 Mar 1800 17.4°S  170.8°E 50 16 Mar 0000 24.8°S  151.9°E
Gene 17 Mar 0000 19.4°S  162.7°W 25 19 Mar 0000  28.6°S  160.8°W
Hettie 27 Mar 0000  21.0°S 146.2°W 25 29 Mar 0600 .30.0°S 132.7°W
Neville 8 Apr 1800 11.5°S 128.4°E 55 13 Apr 0200 12.6°S 125.1°E
Jane 15 Apr 0000 14.7°S 85.4°E 65 17 Apr 0100 17.1°S 82.6°E
Innis 30 Apr 0000 14.0°S  169.1°E 25 1 May 0000 17.0°S  169.3°E

The orderly transition of the monsoon trough
across the longitudinal domain of the summer
hemisphere was observed to progress westward
from the central equatorial Pacific in November,
reaching the central Indian Ocean in December —
a month later than normal. Over Australian-
Indonesian longitudes, the trough was generally
weak and ill-defined, remaining north of the
Australian continent throughout most of the
season, :

Over the Pacific, the monsoon trough extended
well east of its climatological mean position, with
equatorial low-level westerlies in the southern
hemisphere penetrating as far eastward as [ 50°W
during January. Strong cross-equatorial return
flow at high levels provided further evidence of an
active Hadley circulation in this region.

In contrast, the monsoon trough was compara-
tively weak over the Indian Ocean, particularly in
the east, where the cross-equatorial contribution
to the monsoon was generally weaker and. shal-
lower than normal. Three active phases of the
monsoon occurred during the season, two in
February and one in April.

Onset of the Australian summer monsoon, as
defined by Holland (1986), was observed in early
December, although the westerly stream was
primarily of southern hemisphere origin and
inactive. During February, however, a prolonged
active phase of the monsoon developed, during
which time there were two distinct pulses in
activity. The end of the active phase was signalled
in March by the rapid return of a broadscale
easterly wind regime.
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As expected during an El Nifio warm phase,
there was a significant eastward shift in the major
areas of cyclogenesis towards the central Pacific.
A total of eleven tropical cyclones formed
between 165°E and 120°W, six of them east of the
date-line.

Climatic indices

Troup’s Southern Oscillation Index (SOI),
defined as the normalised Tahiti minus Darwin
pressure difference multiplied by ten, was gen-
erally negative throughout the season. While
monthly values varied between —26 in Novem-
ber and +1 in May, the centred five-month run-
ning mean remained strongly negative, reaching a
minimum value of —19 in February. Individual
monthly mean sea level pressure (MSLP) charts
from the Climate Analysis Center, Washington,
revealed the classic trans-Pacific pressure
anomaly dipole associated with the El Nifio. Over
tropical latitudes, MSLP anomalies were pre-
dominantly negative east of the date-line and
positive elsewhere, particularly over north
Australia and Indonesia.

Intraseasonal modulation

In contrast to last season, the Madden-Julian
Oscillation (MJO) was regular and well defined
throughout the 1991-92 southern cyclone season.
A strong burst in high-level divergence over the
near-equatorial Indian Ocean, first noted in late
November, signalled the initiation of MIJO-
related convection in the southern hemisphere.
Further pulses were observed spreading eastward
across the Indian Ocean en route to the central
Pacific during late December, February and
early April. Tropical cyclogenesis events were
frequently associated with these pulses.

Verification statistics

Position forecast verification statistics for official
warnings issued by the relevant Tropical Cyclone
Warning Centres are presented in Table 2. All
forecasts were verified against the official best
track. For comparison, verification statistics.for
persistence forecasts based on 12-hour movement
vectors are also included. Warning responsibility
for cyclones in the Coral Sea was often shared
between Brisbane Tropical Cyclone Warning
Centre (TCWC) and Nadi TCWC. For these
systems, forecasts issued by Nadi TCWC were

verified when the cyclone’s initial position was

east of 160°E; for cyclones west of 160°E, Brisbane
forecasts were used.

Compared with the 1990-91 season, improve-
ments in the initial position (0-hour) error and
12-hour forecast error of 18 per cent and 12 per
cent respectively were achieved. Slight improve-
ments were also made in the 36 and 48-hour
forecasts, although the sample was significantly
smaller. Surprisingly, initial position errors were
not closely correlated with intensity. In particular,
cyclones with the smallest initial position errors
(Tia and Mark) were amongst the weaker storms,
whilst the most intense cyclone in 1991-92 (Jane)
was also one of the most poorly located. Clearly,
where cyclones formed in data-sparse regions
and/or on the limbs of satellite imagery (Jane,
Wasa/Arthur), centre location was difficult.

The largest forecast position errors were usually
associated with weak, poorly fixed and fast-
moving cyclones such as Cliff and Hettie. ‘Well-
behaved’ cyclones — those that did not undergo
sudden changes in forward speed or direction of
movement - exhibited the smallest forecast errors
(e.g. Neville).

Tropical cyclones in the southwest
Pacific and southeast Indian Oceans
1991-92

Tia (N): 16 to 20 November 1991

A weak tropical depression was first observed
over the Solomon Islands on 13 November. The
depression intensified slowly in an environment
of weak vertical shear. As the depression moved
eastwards, upper outflow characteristics became
more favourable for development and the system
was named tropical cyclone Tia at 0100* 16 Nov-
ember. Around 1200, Tia slowed down, under-
took a small anticlockwise loop, and then
commenced a southwestward track in response to
a developing northerly steering current. From this
point, Tig rapidly intensified, with mean winds
reaching storm force by 1800 16 November, and
hurricane force by 0000 17 November.

Tia passed about 55 km to the west of Anuta
Istand around 1800 17 November and close to
nearby Tikopia about 0000 18 November. Maxi-
mum intensity was achieved at about this time
with mean winds near the centre estimated at
40m s~ ! and movement towards the south-
southwest at about 5 m s~ .

During the next 24 hours, Tia entered an area
of strengthening upper-level northerly flow and
began to curve towards the south, passing about
150 km east of the Banks Islands in the Vanuatu
group around 1200 18 November. The cyclone
then started to turn towards the southeast under
the influence of increasingly strong upper-level

*All times in Universal Coordinated Time (UTC).
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Table2. Position forecast verification statistics for official warnings issued by relevant TCWCs: Nadi (N); Brisbane (B);
Darwin (D); Perth (P). Forecast positions verified against official best-track data. Square brackets denote

best-track 12-hour persistence forecast.

Forecast 0h 12 h 24 h 36 h 48 h
lead time .
error error error error error
Name (km) number (km) number (km) number (tkm) number (km) number
Tia (N) 19 41 127 17 283 15
[149) [247]
Graham (P) 35 24 93 21 171 9 . 389 6
[117) [167] [155]
Val (N) 45 33 121 29 239 18
[116] [279]
[116] [279]
Wasa/Arthur (N) 56 44 125 38 166 9
[190] [186]
Betsy (N) (B) 41 31 115 29 215 14 327 10 443 8
[138] [198] [555] 9221 . .
Mark (B) (D) 19 12 71 11 132 8 211 6 323 4
[82] [151} [150]}
Cliff (N) 52 11 219 9 416 7
[159] [247]
Daman (N) (B) 20 ‘19 138 17 276 14
’ [156] [332]
Harriet (P) 46 23 91 18 176 7
[76] [97]
Esau (B) (N) 20 33 78 31 160 28 275 7 371 6
[75] [139] [533]) [813]
Ian (P) 21 21 85 19 148 8 413 6
[93] [222] [399)
Fran (N) (B) 20 48 73 45 158 40 272 16 375 16
[73] [166] [304] [433]
Gene (N) 54 14
Hettie (N) 70 10 193 8 416 6
[245] [139]
Neville (D) 43 25 56 22
[75]
Jane (P) 67 22 126 20 291 6 465 5
[148] [269] [929]
Innis (N) 29 8 57 6 150 4
[77]
Total 419 340 193 39 51
Weighted Mean 37 104 210 277 396

northwesterlies. The influence of strengthening
environmental vertical wind shear caused Tia to
begin weakening; by 0600 19 November, mean
winds had eased to storm force, and 12 hours
later, to gale force. The system became slow-
moving about 370 km east of Port Vila at 0000
20 November. It then turned to the northwest
and had weakened below cyclone intensity by
1200 20 November. The low-level circulation
subsequently crossed the earlier part of its track
just east of Vanuatu at a point where it had been
generating hurricane-force winds two days pre-
viously.

Apart from some small islands, no major
inhabited areas lay in the path of Tia. However,
hurricane-force winds wrought much damage on

the two eastern-most islands of the Solomon
group, namely Tikopia and Anuta. No deaths
were reported. On Tikopia, more than 1000
people were left homeless and ninety per cent of
dwellings were destroyed. Seven of eight church
buildings were also destroyed, along with all but
one classroom building. Food crops were ruined,
with all coconut trees either blown down or
uprooted. High seas caused extensive flooding to
low-lying areas, salinating food crops and destroy-
ing the island’s water supply system.

In Vanuatu, damage was minimal and confined
mainly to fruit trees on the Banks and Torres
Islands. On Mota, one man was slightly injured by
flying corrugated iron and a church building was
flattened.
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Graham (P): 3 to 9 December 1991

Tropical cyclone Graham was the first cyclone of
the year to be named by Perth TCWC and the first
of three cyclones to have an impact on Cocos
Island.

Late in November, an active pulse in the MJO
developed over equatorial waters in the southern
Indian Ocean. Convergence into the area was
further assisted by a low-level cross-equatorial
surge from the northern hemisphere. By 0000
2 December, a low pressure system had developed
near 5°S 95°E tracking south-southwest.

Intensification of the low was rapid and at 0000
3 December, tropical cyclone Graham was named
whilst located about 750 km northwest of Cocos
Island. Within 24 hours, satellite imagery was
indicating the development of an eye. Shortly
thereafter, Graham commenced a gradual recur-
vature towards the southeast under the influence
of a deep-layer anticyclone to the east. Maximum
intensity was reached at 1500 5 December with
mean winds estimated to be 65 m s~ .

Tropical cyclone Graham made . its closest
approach to Cocos Island at 2300 5 December
whilst located 150 km to the north-northeast.
Although gales were reported on the island for a
short period, damaging winds did not occur. The
lowest MSLP recorded was 1004 hPa, indicative
of the compact nature of the circulation.

As the cyclone tracked away from Cocos Island,
it encountered strengthening upper-level westerly
winds ahead of an advancing trough and began to
shear. By 0000 8 December, the low-level circu-
lation centre was fully exposed on the northwest
side of the deep convection. Graham weakened
below cyclone intensity at 1800 9 December
although it wasn’t until 10 December that the
system was completely stripped of its central
convection.

Val (N): 5 to 13 December 1991

The tropical depression that subsequently devel-
oped into tropical cyclone Val was first observed
southeast of Tuvalu on 4 December 1991, form-
ing in association with a low-level westerly wind
surge on the northern side of the South Pacific
convergence zone (SPCZ). The depression
tracked northeast over the next two days and
steadily intensified. At 0700 5 December, the
system was named tropical cyclone Val. Shortly
thereafter, steering-level northwesterly winds
increased and Val assumed a southeastward track
towards Samoa.

Val continued intensifying, reaching hurricane
force by 0000 7 December. Peak intensity was
achieved about 18 hours later, as Val/ made land-
fall on Savaii in Western Samoa. Mean surface
winds were estimated at 45 m s~ ! at this time with
gales extending 280 km from the centre. Weaken-

ing upper-level winds caused Val to slow down
after crossing Savaii and the system subsequently
performed a small clockwise loop southwest of the
island. The effect of this was to considerably
prolong the damaging impacts of heavy seas and
destructive winds upon Samoa. :

Upon completing the loop, tropical cyclone Val
tracked eastward, passing directly over Tutuila in
American Samoa around 0200 10 December. At
Pago Pago, mean winds of 35 m s™! and a lowest
MSLP of 944 hPa were recorded.

After devastating the Samoas, Val accelerated
toward the southeast, tracking to the west of the
southern Cook Islands. The system also began
weakening as environmental upper wind shear
increased. By 0600 12 December, winds had
eased below hurricane force. Shortly after cross-
ing latitude 25°S, Val commenced extratropical
transition, and by 0600 13 December, could no
longer be classified as a tropical cyclone. Never-
theless, storm-force winds persisted around the
periphery of the centre as it tracked due south
during the next three days. Near 50°S, the vortex
was finally captured and sheared apart by strong
environmental westerlies associated with the
circumpolar trough.

Val was amongst the most destructive cyclones
on record to have affected the Samoas, and the
second devastating cyclone in three years (Ofa
1990 was the earlier one). On Western Samoa,
fifteen people perished, 95 per cent of homes were
destroyed or badly damaged, and preliminary
damage estimates put the bill at nearly $US200
million*. One life was lost on American Samoa
and damage was estimated at over $US50 million.

Wasa/Arthurt (N): 5 to 17 December 1991
Wasa/Arthur was the first of three cyclones to
affect French Polynesia during 1991-92 and the
first major cyclone there since 1982-83. Unsur-
prisingly, both the 1991-92 and 1982-83 seasons
coincided with major El Nifio episodes.

A shallow depression was first observed on
3 December embedded in the monsoon trough
over the northern Cook Islands. The system
steadily intensified and by 1900 5 December had
achieved tropical cyclone status. At this stage,
Wasa/Arthur was located approximately 250 km
southwest of Penrhyn Island and moving slowly

northwest. Weak vertical wind shear in the

environment of Wasa/Arthur assisted rapid
development, with hurricane-force winds devel-
oping within thirty hours. During this period, the
cyclone underwent a slow clockwise loop towards
the southwest.

At 0000 8 December, Wasa/Arthur turned

*All damage estimates in original dollars.

t+Although this cyclone was given two separate names by Nadi
TCWC, Arthur formed from the ex-Wasa depression and is
therefore regarded as a single system that underwent a regener-
ation.
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sharply to the southeast, assuming a course that
took it through the Society Islands during the
following three days. Maximum intensity was
achieved during this time, with maximum mean
winds reaching 45 m s~!. Wasa/Arthur passed
within 280 km to the southwest of Tahiti on
I'l December, and directly over Tubuai at 1200
12 December. Sustained winds of 29 m s~ ! were
recorded at Tubuai with a lowest MSLP of
976 hPa. The cyclone was already filling by this
time, and shortly thereafter environmental wind
shear and cool sea-surface temperatures weak-
ened the system below cyclone strength.

Gales persisted on the southeastern side of the
depression, however, and it turned toward the
northeast, re-entering warm waters near the Tua-
motu archipelago a day later. By 1800 13 Decem-
ber, the system had reorganised sufficiently to be
named again as a cyclone, this time as Arthur by
the Nadi TCWC. Winds associated with the sys-
tem increased to marginal storm force on 1200
14 December as the cyclone passed about 150 km
from Mururoa. The cyclone maintained this
intensity for the next 24 hours as it tracked
through the northern islands of the Actaeon
group before slowly weakening. Around 0000
16 December, Wasa/Arthur took on a more east-
erly track before finally dissipating as a cyclone
late on 17 December.

Most of the damage associated with Wasa/
Arthur occurred during the first cyclone phase
whilst the system was moving through the Society
Islands. The worst affected islands were Bora
Bora and Tubuai, where over 360 homes were
destroyed, a variety of crops were ruined, and
many public buildings and works damaged. Two
deaths were reported with the cyclone - in a mud-
slide on Moorea during torrential rain 24 hours
after the cyclone’s closest point of approach.

Betsy (N) and (B): 6 to 13 January 1992
Tropical cyclone Betsy was the second cyclone to
affect Vanuatu during 1991-92 and was consider-
ably more damaging than its predecessor, tropical
cyclone Tia. Unusually for the time of year, Betsy
formed as a southern hemisphere twin to typhoon
Axel in the northern hemisphere. (4xe! tracked
westward and was subsequently associated with
the spin up of tropical cyclone Mark in the Gulf of
Carpentaria.)

Between 3 and 5 January, strong to gale-force
westerly winds developed on the northern side
of the southern hemisphere monsoon trough.
Enhanced convection associated with the westerly
burst gradually became more organised within the
trough west of Tuvalu, and by 1800 5 January, a
deep tropical depression was evident. The
depression continued intensifying as it drifted
slowly west and at 1900 6 January was named
tropical cyclone Betsy. During the next 12 hours,
Betsy steadily deepened and tracked south-
southeast at around 5 m s~!. Mean winds associ-

ated with the cyclone reached storm force at 2100
7 January and the system turned to the southwest
in response to increasing deep-layer mean east-
erlies. This brought the cyclone on a direct course
for the central Vanuatu Islands.

_By 1800 8 January, mean winds associated with
tropical cyclone Betsy had reached hurricane
force. Six hours later, the destructive core of the
cyclone struck the islands of Ambrym and Mala-
kula in central Vanuatu. On Malakula, sustained
winds of 33 m s™! were recorded between 0400
and 0500 9 January and the MSLP dropped to
959 hPa. At this point, Betsy possessed a large
ragged eye with a diameter of over 110 km. Betsy
continued to intensify after leaving Vanuatu, and
reached maximum intensity (mean winds esti-
mated to 45 m s™') at around 0000 10 January
whilst 200 km to the north of New Caledonia.

By 0600 11 January, satellite imagery indicated
that Betsy was losing organisation, with the large
eye (diameter of 165 km) rapidly shrinking and
becoming elongated and ragged. Around 1200
11 January, Betsy recurved sharply to the south
under the influence of an approaching upper
trough. Environmental shearing increased over
the next few days, and by 13 January Betsy had
dissipated as a tropical cyclone. The extratropical
remnants continued drifting southeast and then
east, passing close to the northern coast of New
Zealand on 17 January.

Tropical cyclone Betsy wrought considerable
damage in Vanuatu and was responsible for the
deaths of two people. The worst affected island
was Efate, where an estimated three-metre storm
surge washed away kilometres of coastal road,
parts of villages and the entire resort of Takara.
Elsewhere on Efate, houses lost roofing, major
crop damage was reported north of Vila, and
power lines were brought down. On Pentecost
Island and Espiritu Santo, many houses were
destroyed or damaged and roads were blocked by
mud slides.

Mark (B) and (D): 8 to 10 January 1992

Like Betsy, tropical cyclone Mark formed within
the monsoon trough in response to enhanced
equatorial westerly flow between the trough and
typhoon 4xel in the northwest Pacific. The incipi-
ent depression was first analysed in the Timor Sea

"to the west of Melville Island on 6 January. The

system tracked rapidly eastwards across the
northern ‘Top End’ of Australia, entering the Gulf
of Carpentaria at 1200 7 January. Once over
water, satellite imagery indicated that the system
slowly organised and by 0600 8 January, whilst
approaching the central Gulf of Carpentaria, it
was named. Tropical cyclone Mark was the only
cyclone to be named by Brisbane TCWC during
1991-92.

Upon naming, Mark slowed and adopted a
slightly northeastward track in response to
enhanced ridging to the south. This track was
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Fig.1 Tracks of cyclones Val (3), Wasa/Arthur (4),

Cliff (7), Gene (13) and Hettie (14). Note: Cyc-
lones are numbered according to the order in
which they formed during the season.

Fig. 4 Detail of tracks of cyclones Tia (1), Betsy (5),
Daman (8), Esau (10), Fran (12) and Innis (17)
over Vanuatu.
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Fig.2 Tracks of cyclones Val (3), Wasa/Arthur (4),
Fran (12) and Gene (13).
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Fig. 3 Tracks of cyclones Tia (1), Val (3), Betsy (5),
Daman (8), Esau (10), Fran (12) and Innis (17).

Fig.6 Tracks of cyclones Graham (2), Harriet (9),
Ian (11) and Jane (16).
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