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There were sixteen tropical cyclones in the South Pacific and southeast Indian
Ocean basin during the 1989-90 season. Six cyclones reached hurricane intensity
and two of them, Ofa and Alex produced maximum winds exceeding 180 km h~!
Together, these two hurricanes caused damage costing US$180 million and
18 deaths, constituting close to 90 per cent of the total cyclone damage in the basin.
Ofa seriously damaged the economies of Samoa and other nations in the South
Pacific.

The season’s large-scale circulation features are discussed. Particular attention is
given to the influence of the El Nifio/Southern Oscillation (ENSO), the Walker
circulation and the 40 to 60-day Julian-Madden oscillations on these large-scale
features and tropical cyclone behaviour in the basin.

The performance of the tropical cyclone warning system in the region is appraised
and verification statistics are presented. There remains a major problem in moni-
toring tropical cyclones that track close to the GMS-4 satellite terminator.
Finally, descnptlons, track diagrams and life cycle details are provided for all the

tropical cyclones in the basin.

Introduction

This is the second seasonal summary of its kind.
The first (Drosdowsky and Woodcock 1990) was
produced after the 1988-89 cyclone season
following the adoption of the World Meteorologi-
cal Organization Tropical Cyclone Operational
Plan (TCOP) for the South Pacific and southeast
Indian Ocean. The Tropical Cyclone Warning
Centres (TCWCs) in Brisbane, Darwin, Perth,
Nadi and Port Moresby, together with Wellington
Regional Specialised Meteorological Centre, have
provided necessary input to produce this report.
Details of sources of data can be found in the
Appendix.

Corresponding author address: Mr F. Woodcock, Bureau of
Meteorology, GPO Box 1289K, Melbourne, Victoria 3001,
Australia.
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The 1989-90 tropical cyclone season in the
South Pacific and southeast Indian Ocean basin
extended from early November 1989 until mid-
April 1990. Over the season, 16 tropical cyclones
occurred, six of these reached hurricane intensity.
Twelve cyclones occurred in the area east of
105°E; this is four cyclones less than the average
for this area (Plante and Guard 1989)

There were 72 cyclone days durmg the season,
including 17 hurricane days in the area from 90°E
to 120°W and O to 40°S. More than:half the hur-
ricane days were taken up by two major hurri-
canes, Ofa and Alex. Ofa acquired maximum
sustained winds of 180 km h™! in the South
Pacific in February. It badly damaged the welfare
and economy of Samoa and several other South
Pacific island nations. Alex generated maximum
winds of 190 km h~! over the eastern Indian
Ocean in March and caused theiloss of one
trawler. |
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On the other hand, 25 per cent of the tropical
cyclones were very weak. Felicity and Greg
reached tropical cyclone status for a brief time
over the Gulf of Carpentaria while Tina and Bessi
were more noteworthy as Indian Ocean mon-
soonal depressions than tropical cyclones.

Large-scale circulation features and
their effects on tropical cyclone
activity during the 1989-90 cyclone
season

During the cyclone season, the upward branch of
the Walker circulation was displaced east of its
mean position over the maritime continent
(Ramage 1968) and northern Australia. In Feb-
ruary, the upward branch shifted to near the
date-line and consequently, anomalously strong
low-level westerlies extended east across the equa-
torial Pacific. The South Pacific convergence
zone (SPCZ) was reactivated and two hurricanes,
Ofa and Peni, were spawned in the low latitudes
east of the date-line.

The SPCZ experienced several active periods
during the season but was only able to initiate one
other tropical cyclone, Rae, near the date-line in
March.

East of the upward branch of the Walker circu-
lation the low-level easterlies were weaker than
normal but the upper level westerlies remained
anomalously strong for much of the summer.

The monsoon circulation was poorly developed
west of the date-line until late in the cyclone sea-
son, with higher than normal surface pressures at
Darwin and weak low-level westerlies and upper
level return easterlies. This was particularly
noticeable in February when no tropical cyclones
formed west of the date-line.

In March, the intertropical convergence zone
(ITCZ) or monsoon trough underwent a major
transformation with six tropical cyclones, half
reaching hurricane intensity, forming from the
eastern Indian Ocean to the Coral Sea. The ITCZ
eventually withdrew from the southern heml-
sphere in April.

The variability in these large-scale flow pattems
can be monitored by the changes in the outgoing
long-wave radiation (OLR). Positive (negative)
OLR anomalies correspond to negative (positive)
tropical convection anomalies. Low latitude con-
vection was generally quite strong early in the
season from about 120°E to the date-line. By
February, the stronger convective region had be-
come concentrated in the central Pacific, leaving a
large positive OLR anomaly over the tropics west
of the date-line. This broke up later, with negative
OLR anomalies extending west to 130°E by April
(discussed in the intraseasonal oscillation section
below).

Climatic indices

The Southern Oscillation Index (SOI), defined as
the normalised Tahiti minus Darwin pressure dif-
ference anomaly multiplied by ten, fell erratically
during 1989 before remaining negative during the
period from November to April, suggesting a
weak El Nifio event (Fig. 1). For the six months,
the SOI was generally less than one standard devi-
ation (10) below its mean value (0), but in Feb-
ruary it dipped to minus 18, mainly as a result of
the large positive pressure anomaly at Darwin.
This Darwin anomaly was also linked to a sup-
pressed convective phase of the 30 to 60-day
oscillation. The season stood in marked contrast
to 1988-89 when the SOI was positive and more
than one standard deviation above the mean on
four occasions.

Fig. 1 Monthly and five-monthly running mean South-
ern Oscillation Index.
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Sea-surface temperatures (SST) were less than
1°C warmer than normal across the equatorial re-
gion west of the date-line, a smaller than expected
anomaly for an El Nifio phase. Very small nega-
tive SST anomalies were evident over the eastern
equatorial Pacific at the start of the season, but
small warm anomalies spread east of the date-line
to reach the South American coast during the
season. In April, small negative anomalies re-
appeared near the South American coast. Cool
SST anomalies prevailed over the subtropical
Indian Ocean.

The foregoing indices supported the existence
of a weak ENSO episode. During a negative phase,
there is a tendency for tropical cyclones in the
southwest Pacific to form closer to the equator
and further east than in positive phases of the SOI
(Revell and Goulter 1986). An assessment of the
preseasonal values of the Darwin pressure
anomaly, the northern Australia SST and the SST
over the eastern Pacific can give an indication of
the likely tropical cyclone activity over the region
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between 105°E and 165°E during the following
season. In general, years in which the number of
tropical cyclones was relatively high have been
preceded by high north Australian SST, low east
Pacific SST and low Darwin pressure (Nicholls
1984, 1985). With the preseason Southern Oscil-
lation parameters fluctuating near normal,
cyclone activity during the 1989-90 season could
also have been expected to be about normal.

Intraseasonal oscillation

Madden-Julian (30 to 60-day) oscillations were
prominent during the season as the time-longi-
tude cross-section of 200 hPa velocity potential
shows in Fig. 2. There were four periods of en-
hanced convection near the date-line, associated
with Madden-Julian oscillations, which accentu-
ated the background anomalies due to the nega-
tive phase of ENSO. The first one occurred in
mid-January to mid-February. During this per-
iod, tropical cyclones Ofa and Peni both spun up
to hurricane intensity east of 180°. There were two
further but weaker oscillations in March and
April, with the enhanced convection stretching
from the eastern Indian Ocean to the date-line.
Seven tropical cyclones formed close to and west
of the date-line in March.

Fig. 2 Time-longitude cross-section of five-day mean
200 hPa velocity potential. Contour interval is
4 X 10° m? s~! with zero line suppressed. Solid
(dashed) line denotes divergence (convergence).
Vertical hatching is over 8 X105 m? s
horizontal hatching is under —8 X 10 m2 s},
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System performance

Overall, the warning systems performed well dur-
ing the season although there are some areas of
concern.

A major problem persists in that the Nadi Trop-
ical Cyclone Warning Centre can only receive
GMS-4 imagery and hence cannot adequately
monitor eastern Pacific disturbances east of the
GMS terminator. Until this problem is rectified,

Nadi needs the support of the Joint Typhoon
Warning Center (JTWC) at Guam and the Warn-
ing Centre in Tahiti in the surveillance of the
southeast Pacific.

Without exception, the routine tropical cyclone
advices issued by JTWC Guam are a very import-
ant component of the decision-making processes
in each of the Regions’ TCWCs. There are oc-
casions, however, when the Guam advices reach
the general public and shipping community.
Because JTWC advices sometimes differ from the
official warnings issued by the responsible
TCWC, users are being presented with conflicting
information. This issue needs to be resolved.

Several useful initiatives were introduced on a
trial basis for the 1989-90 season.:A prototype
Australian Tropical Cyclone Work-station was in-
stalled in Brisbane, Darwin, Perth and Port Vila,
Vanuatu, for evaluation prior to preoperational
modification. Although the work-station is still
under development, it contains tracking, map-
ping and forecast verification software. Trials of
the storm surge prediction model (Hubbert et al.
1991) run on the work-station have been very
encouraging.

The precursor disturbance to troplcal cyclone
Peni produced damaging winds over the northern
Cook Islands and highlighted a need for improved
detection of developing disturbanceés in the low
latitudes. ‘

Verification statistics

Verification of the operational tropical cyclone
analyses and forecasts issued by the Regional
TCWCs is undertaken by comparing the warning
information with the best estimates of the pos-
itions of the cyclones based on an after-the-event
analysis. The results are summarised in Table 1.

Overall, the quality of forecasts was marginally
less accurate than in the 1988-89 season. Poor
location accuracy (0 h in Table 1) occurs with the
weakest cyclones because they have poorly de-
fined central features. Thus Tina, Bessi and Greg
had large location errors (about 100 km). Conver-
sely Ofa and Alex, the two most inténse systems,
were easy to locate as they had well-defined cen-
tral features. The average location error for these
two cyclones was close to 30 km.

Large location errors carry through to 12-hour
forecasts but the larger scale interactions become
increasingly important at longer lead times. It is
very difficult to provide accurate position fore-
casts of fast moving cyclones. The problem is
compounded when the environmental flow
changes quickly, causing the cyclone to make sud-
den changes in direction. Cyclone Nancy demon-
strates this rather well. An unexpected change in
direction resulted in one 24-hour forecast being
about 700 km from the post-analysed position.
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Table 1. Tropical cyclone location and prediction errors compared to best track positions over the South Pacific and
southeast Indian Ocean in the 1989-90 season. Error is the great circle error and number is the number of
verification points. Blank indicates unavailable data. .

Forecast

lead 0h 12 h 24 h 36 h 48 h

time

Name ZC::,]; number ?;:’;Z)r number ?;(':z)r number ?;:55 number ?]ZZ; number

Sam 50 29 100 2 152 12 218 10 294 10

Vincent 40 17 119 15 366 4 633 4

Alex 28 32 88 34 176 26 285 24 413 23

Rosita 82 21 179 12

Pedro 76 16 148 15 206 8 283 4 385 4

Tina 100 12 206 12

Bessi 117 17 126 8 193 6 351 4

Walter 66 7 150 7

Felicity 25 5 84 4

Nancy 48 20 192 20 374 9

Ofa 32 25 94 21 208 16

Peni 79 15 130 10 264 8

Greg 95 9 258 7 389 6

Hilda 42 9 159 7

Ivor 40 35 125 35 254 23 468 15 684 12

Rae 35 8 245 7 510 6

TOTAL 277 235 125 68 58

MEAN 56 133 242 364 493

The average 12, 24 and 36-hour forecasts were
significantly (95 per cent on a two-tailed, Student-
t, matched pairs test) more accurate than corre-
sponding persistence of motion forecasts.

Tropical cyclones in the South
Pacific and southeast Indian Oceans
1989-90

The cyclones that occurred in the South Pacific
and southeast Indian Oceans during the 1989-90
season are summarised in Table 1 and are sub-
sequently described in greater detail in chrono-
logical order with the office that issued warnings
denoted as follows:

(B) Brisbane, Queensland, Australia
(N) Nadi, Fiji
P) Perth, Western Australia

(PM) Port Moresby, Papua New Guinea
(W)  Wellington, New Zealand.

If the responsibility for a cyclone was sub-
sequently passed to another office then both are
listed in chronological order of responsibility. The
given dates represent the tropical cyclone period
and all times are in UTC.

Pedro (P): 6 to 14 November 1989 (Fig. 3)

A low pressure centre was detected in the mon-
soon trough near 7.8°S, 97.2°E.at 0001 6 Novem-
ber. It stowly became more organised and drifted

Fig.3 Tracks of cyclones Bessi, Pedro, Rosita and Tina.
o bounds each disturbance; ® bounds the tropical
cyclone phase; 0 bounds the hurricane phase; and
» identifies maximum intensity.
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in a general westerly direction for the next 48
hours. Gales had developed by 8 November and
the cyclone was named as soon as it entered the
Perth TCWC area of responsibility at 0100 9 Nov-
ember.

Observational data indicate that gale force
winds were well displaced from the centre of the
circulation at this stage.
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Maximum intensity was reached at 0600 10
November when the central pressure was 982 hPa
and Pedro was at 12.4°S, 95.5°E. The eye was
briefly discernible on satellite imagery at that
time.

At about 1300 10 November, Pedro began a
more southerly and later a south-southwesterly
track. Strong vertical shear exposed the low-level
circulation to the northwest of the main convec-
tive cloudband and the cyclone weakened. By
0001 13 November, gales had subsided and the
remnants had dissipated by 0700 14 November.

Pedro passed within 140 km of Cocos Island
where the highest wind gust recorded was
137 km h~! and the minimum pressure was 1000
hPa. Structural damage to the loading wharf and
light damage to a palm plantation occurred. Two
hundred and two millimetres of rain fell in 24
hours and local flooding was reported.

Felicity (B) and (N): 13 to 22 December 1989
(Fig. 4)

Tropical cyclone Felicity originated from a mon-
soon depression located near the coast to the
northeast of Darwin on 13 December. It moved
southeast across land before recurving slightly
and acquiring tropical cyclone intensity at 0001
15 December over the Gulf of Carpentaria (see
Fig. 8). Ten hours later it made landfall over the
Cape York Peninsula where it caused minor dam-
age, mostly to vegetation.

Fig. 4 Tracks of cyclones Felicity, Greg and Hilda.
Symbeols as in Fig. 3.
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Felicity reached peak intensity at 0600 15 De-
cember with maximum winds of 110 km h~! and
a central pressure of 975 hPa.

After making landfall, Felicity weakened and
tracked eastward, eventually entering the Coral
Sea near Cairns on 1 December. It then curved
slightly northwards before turning southeast dur-
ing 18 December.

Felicity spent four days over the Coral Sea
without reacquiring classical tropical cyclone
characteristics. However, winds between 100 and
115 km h™! were observed in the southwest
quadrant during this monsoonal phase. Felicity
gradually weakened in response to a declining up-
per level trough and accelerated when it was west
of New Caledonia. Subsequently, it was absorbed
by a short wave trough to the north of New
Zealand.

Rosita (P): 4 to 17 January 1990 (Fig. 3)
Intensification of the small cyclone, Rosita, was
continuously inhibited by vertical shear which
contained the major convection westward of the
low-level centre. Although cyclone 'intensity was
maintained for only 2.5 days, the low-level circu-
lation was evident for almost 13 days.

Rosita began as a low pressuré centre near
12.7°S, 111.7°E at 1800 4 January 1990. It tracked
steadily in a general westerly direction and de-
veloped slowly until 0600 6 January when it
slowed and weakened slightly under the influence
of an increasing vertical shear. It remained almost
stationary until 9 January when it was shunted
northwest by a developing ridge in the middle lati-
tudes.

The low appeared very weak and sheared on
satellite imagery as it moved equatorward but, by
0600 10 January, convection redeveloped and
consolidated around it during 11 and 12 January
as the low began to slowly intensify. Gales had
developed around the centre by 1500 13 Jan-
uary.

Rosita was tracking south-southeast and was
still under the influence of vertical shear which
had displaced most of the convection to the west
of the low-level centre. The cydlone changed
direction again around 2100 14 January and
tracked northwest as it weakened to below trop-
ical cyclone intensity. It was tracking around the
periphery of the larger tropical cyclone Sam
(Fig. 5). The remnants of Rosita tracked equator-
ward until they had dissipated on 17 January.

Sam (P): 12 to 21 January 1990 (Fig. 5)

The weak low which later developed into Sam was
first located in the monsoon trough near Darwin
at 0001 12 January. The low tracked west, inten-
sified and reached tropical cyclone strength near
13.3°S, 123°E at 1500 13 January. Sam then
tracked west-southwest and continued to develop
until 14 January when the central pressure was
estimated to be 976 hPa. Sam moved southwest,
parallel to the Western Australian coastline and
intensified slowly.

Soon after 1800 18 January, a weakly developed
eye pattern was observed on satellite imagery.
Maximum intensity occurred near 20.1°S, 106.5°E
when the central pressure was estimated to be
966 hPa.
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Fig. 5 Tracks of cyclones Sam, Vincent, Walter and
Alex. Symbols as in Fig. 3.
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Gradual weakening began during the next 24
hours as Sam tracked south-southwest. During 19
January, the cyclone came under the influence of
strong vertical shear and rapidly weakened as the
low-level circulation became exposed. Surface
winds fell below gale force by 0001 20 January
when the cyclone was near 26.0°S, 104.0°E.

The remnants of Sam dissipated near 26.6°S,
109.0°E at 0600 21 January. No damage was re-
ported.

Tina (P): 25 to 28 January 1990 (Fig. 3)
Although when Tina was fully developed it had a
central pressure of 975 hPa and its centre was sur-
rounded by gales, it remained a very weak system
that did not exhibit a typical tropical cyclone
structure and the gales were far from the surface-
level pressure minimum.

The system was first detected near 14.8°S,
114.0°E with a central pressure of 995 hPa at 0001
25 January. The general area of convection was
distant from the surface pressure minimum and
no low-level inflow could be detected.

The low developed during 25 January while it
moved in a southeast direction and gales had de-
veloped by 0600 when the pressure was about 993
hPa. It accelerated to the south and deepened dur-
ing 26 January, and by 27 January the system
could be detected by radar at Learmonth. Tina
passed very close to Learmonth at 1315 27 Jan-
uary when the central pressure was 975 hPa.

The low continued to track south and to main-
tain its intensity over land; by 0700 it was near
Carnarvon with a central pressure of 977 hPa. By
28 January the low had continued south and was
weakening but had developed a very strong press-
ure gradient over the south of Western Australia.
Gales, heavy rain and local flooding caused the
deaths of thousands of newly shorn sheep.

The low finally became absorbed into a com-
plex prefrontal trough ahead of a strong cold
front.

Nancy (N), (B) and (W): 28 January to

8 February 1990 (Fig. 6)

During the later part of January, the monsoon
trough became active over the southwest Pacific
and two depressions were spawned along it. The
second depression, which later developed into
cyclone Nancy, developed from a cloud cluster
over the Coral Sea near 18.3°S, 156.0°E on 26 Jan-
uary. From this position, the depression headed
equatorward along a parabolically curved track.
An upper level trough eventually amplified in the
vicinity of the depression and set up good outflow
channels for further development.

By 0001 31 January, the depression had gained
tropical cyclone characteristics near 15.0°S,
158.0°E. The convoluted nature of the upper level
trough helped steer Nancy southwards. When it
was located west of northeast New Caledonia, the
cyclone veered southwest and followed a course
towards Brisbane. Nancy reached peak intensity
at 0300 1 February near 24.7°S, 158.2°E with max-
imum winds of 100 km h~! and central pressure
of 975 hPa.

On 1 and 2 February, Nancy’s progress just off
the Queensland coast near Brisbane was slow and
irregular. Heavy rain (up to 530 mm in 24 hours,
132 mm in three hours) occurred between the
coast and coastal ranges south from Brisbane
causing flash flooding in which four people were
drowned.

On its trek southwards, Nancy gradually weak-
ened and by 4 February it finally became an
extratropical low. Surface reports and satellite
data over the southern Tasman Sea demonstrated
that Nancy’s structure still contained a significant
low pressure centre for two days after this date.
The remains of the former cyclone dissipated west
of central New Zealand on 8 February.

Fig.6 Tracks of cyclones Ivor and Nancy. Symbols as in
Fig. 3.
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Ofa (N) and (W): 30 January to 10 February
1990 (Fig. 7)

Ofa was a very destructive cyclone which affected
Tuvalu and Tokelau Islands, Wallis Island,
Samoa, Tonga and Niue (locations on Fig. 8) dur-
ing various stages of its life history. At peak inten-
sity, Ofa had maximum winds of 180 km h~! with

. gusts to 250 km h—!,

Ofa began as a shallow depression near Tuvalu
on 30 January. Its cloud system displayed a grad-
ual increase in organisation and, by 1800 31 Jan-
uary, when the depression was centred about
300 km east of Tuvalu it reached tropical cyclone
intensity.

Ofa moved slowly southeast and within 12
hours of being named had developed storm force
winds. By 0001 2 February, it had reached hurri-
cane intensity. Soon after this time, Ofa recurved
slightly to the south-southeast and continued to
move very slowly.

At 1200 3 February, Ofa was centred about
100 km west of Samoa. There, it commenced to
accelerate toward the southeast and reached peak
intensity near 16.3°S, 172.3°W at 1200 4 February
with maximum average winds of 180 km h~1,

Niue recorded its lowest ever pressure of
962.4 hPa at 0300 5 February when Ofa was 50
km to the west. The cyclone continued to track
southeastward until 0001 6 February when it
started gradually recurving towards the south-
west. At 25°S, Ofa was still estimated to be of
hurricane intensity but weakened very quickly
after encountering strong upper level winds and
colder waters.

By 0600 8 February, Ofa had become extratro-
pical and was centred near 30°S, 171.5°W. Just
south of this position, the remains of Ofa de-
scribed a small clockwise loop before degenerat-
ing.

Ofa produced gales or stronger winds and tor-
rential rain over seven island nations, resulting in
moderate to very severe damage. High seas, heavy
swells and storm surge played leading roles in the
destruction that occurred in many of the countries
affected.

Eight lives were lost, seven in Samoa and one in
Tonga. Overall, the cyclone was estimated to have
caused at least US$180 million damage, with
US$130 million in Western Samoa and US$32
million in American Samoa.

Ofa was purported to be the most devastating
tropical cyclone to have affected Samoa in about
100 years.

Peni (N): 12 to 18 February 1990 (Fig. 7)

A low developed along the SPCZ close to the

northern Cook Islands on 12 February. It moved

southeast and combined with another low before

becoming tropical cyclone Peni on 13 February.
Peni headed southwards and by 0001 14 Feb-

ruary was estimated to have windsof 90 km h~!in

its circulation. Over the next 30 :hours, Peni
followed a steady southwestward path and con-
tinued to intensify. At 0600 15 February, Peni
reached hurricane intensity near 18.0°S,
159.5°W.

As Peni passed close to Aitutaki in; the southern
Cook Islands, it was steered towards the southeast
under the influence of a stationarycyclone just
east of New Zealand.

Peni appeared to reach peak mtens1ty at 1800
15 February with maximum average winds of
125 km h™!. The passage of the eye across Atiu
(southern Cook Islands) commenced about this
time. A strong northwesterly steermg flow caused
Penito accelerate as it left the Cook Islands. Peni’s
maximum wind circulation had weakened to
storm force by 0600 17 February when it was lo-
cated near 28.8°S, 148.3°W. Tropical cyclone
characteristics had dissipated about 12 hours
later, but Peni still retained storm’ force winds
within its circulation. '

The former tropical cyclone weakened further
on 18 February with gales retreating to the north-
eastern semicircle. On 19 February, the remains
of Peni were absorbed in a trough in the mid-
latitude westerlies well to the south of Pitcairn
Island.

In its earliest stages, Peni: generated severe
squalls which sngnlﬁcantly damaged buildings,
crops and trees in the northern Cook Islands High
winds and an unmeasured storm surge caused
damage to property and crops in parts of the
southern Cook Islands. ‘

|
Fig.7 Tracks of cyclones Ofa, Peni and Rae Symbols as

in Fig. 3.
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Greg (B): 1 to 5 March 1990 (Fig. 4)

Tropical cyclone Greg was spawned over the
northern part of the Gulf of Carpentarla (see Fig.
8 for location) during an active phase of the mon-
soon trough. It was initially detected as a shallow
low near 11.9°S, 137.9°E at 1800 1 March. An
upper level anticyclone was favourably placed to
aid its ongoing development into a tropical
cyclone.






