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From 14 December 1988 to 10 May 1989, twenty tropical cyclones occurred in the
South Pacific and southeast Indian Ocean. During the season a cold phase of the El
Nifio/Southern Oscillation (ENSO) was evident but the effects of this were offset by
the rapid development of an active South Pacific convergence zone (SPCZ) over
colder than normal sea-surface temperatures in January and February which con-
tributed to the unusually large number of cyclones which developed east of the
dateline.

This paper gives an overview of the large-scale circulation features, evaluates the
available climatic indices and the effects of broadscale features on cyclone activity
before examining the season’s cyclones individually. Each cyclone is described
together with its track; in addition, the major characteristics are tabulated. Regional
verification statistics are also presented.

This season was significant in that it was the first with specialist severe weather
forecasting centres within each Australian Tropical Cyclone Warning Centre; in
addition several new analysis and forecasting techniques and equipment were intro-
duced and the impact of these is discussed. Ongoing problems, such as difficulties in
locating systems on the edge of satellite photo coverage, are also mentioned.

Introduction

Following the adoption of the Tropical Cyclone
Operational Plan (TCOP) for the South Pacific
and southeast Indian Ocean (WMO 1989), seas-
onal tropical cyclone summaries for the whole
region (see Fig. 1(a) and caption) will be produced
as one document. To this end, material was ob-
tained from the regional centres that issued inter-
national tropical cyclone forecasts and warnings
during the 1988-1989 season (used here to refer to
the period from 14 December 1988 to 10 May
1989). The centres that provided this information
were the Tropical Cyclone Warning Centres in
Brisbane, Darwin, Nadi, Port Moresby and Perth,
together with Wellington Regional Specialised
Meteorological Centre.

With this being the first combined summary,
problems have been encountered regarding non-

Corresponding author address: F. Woodcock, Severe Weather
Warning Services Program Office, Bureau of Meteorology, GPO
Box 1289K, Melbourne 3001, Australia.

113

standardised references to central pressure, winds

etc. when describing cyclone intensity. This prob-
lem is being rectified.

Information on earlier cyclone seasons, and
more details on individual cyclones, can be ob-
tained from the appropriate forecasting centres.
Each year since 1978-1979, Australian cyclone
season summaries have been published in the Aus-
tralian Meteorological Magazine. In addition,
separate reports are available on both 4ivu and
Orson (currently in preparation); these are obtain-
able from the Bureau of Meteorology, Australia.

The tropical cyclones covered by this report oc-
curred during the 1988-1989 season in the area
indicated by Fig. 1(a). TCOP approved several
definitions for use within this area; these and
other definitions which are employed in this re-
port are provided in the Appendix. All dates and
times in this report are Coordinated Universal
Time.
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Broadscale circulation during the
1988-1989 cyclone season

Large-scale circulation features
Over the summer of 1988-1989, the ascending
branch of the Walker Circulation was located in
the normal position over the maritime continent
(Ramage 1968) and northern Australia. It was
stronger than normal since east (west) of the as-
cending branch low-level easterly (westerly) and
high-level westerly (easterly) wind component
anomalies persisted throughout the season.
However, in January and February, when the
Australian monsoon was unusually passive, there
was an anomalously strong low-level inflow and
high tropospheric outflow from the South Pacific
convergence zone* (SPCZ; see Fig. 1(b)).
Reflecting these wind anomalies, mean sea level
pressure was below average throughout the mari-
time continent and northern Australia, above
average across the central and eastern Pacific
while, in the SPCZ, pressure was well below aver-
age during January and February. Rainfall and
outgoing long wave radiation (OLR) patterns
showed enhanced convective activity over the
maritime continent and the SPCZ, and sup-
pressed activity in the central and eastern equa-
torial Pacific. Both wind and OLR anomalies
showed a well formed southern intertropical con-
vergence zone (ITCZ; see Fig. 1(b)) across the
Pacific in the latter part of the season.

Climatic indices

The season was dominated by large positive
values of the Southern Oscillation Index (SOI),
defined as the normalised Tahiti minus Darwin
pressure difference anomaly multiplied by ten,
which peaked at 20 in both September and
November. For the seven months, July to Jan-
uary, the SOI was more than one standard devi-
ation (10) above its mean value (0). This season
contrasted strongly to the previous summer when
negative SOI values predominated, albeit with
small magnitudes, and the upward branch of the
Walker circulation was displaced eastward (Bate
et al. 1989).

Over the last seven decades, there has been a
fairly good correlation between the September
SOI and the number of tropical cyclones between
105° and 165°E in the following season (Nicholls
1984, 1985; Solow and Nicholls 1990). Similarly
the distribution of tropical cyclones across the
south Pacific Ocean (Revell and Goulter 1986;
Hastings 1990) has been reasonably consistent. A
fairly uniform distribution of tropical cyclone
genesis occurs between 145°E and 120°W when

Fig. 1(a) WMO tropical cyclone warning centres and
their areas of responsibility in the South
Pacific and southeast Indian Ocean. Note that
the Fiji and New Zealand areas of responsi-
bility extend to 120°W
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Fig. 1(b) Semi-permanent synoptic features of the
South Pacific and Australian summer mean
sea level circulation.
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there is a negative SOI. However, when there is a
positive SOI, there is a strong tendency for trop-
ical cyclones to originate between 145°E and 180°.
That is, very few cyclones originate between 180°
and 120°W.

Sea-surface temperatures (SST) were colder
than normal in the central and eastern equatorial
Pacific throughout the season, with the largest
anomalies of more than 3°C below normal occur-
ring at the start of the season. Positive SST anom-
alies were evident in the eastern equatorial Indian
Ocean and the western Pacific Ocean, including
the Australian region*. Clearly a cold phase of
ENSO was operating.

Based on past behaviour, the 1988-1989 sum-
mer tropical cyclone season was expected to pro-

*Darwin Tropical Diagnostic Statement, November 1988 to
April 1989. Available from Northern Territory Regional Office,
Bureau of Meteorology, PO Box 735, Darwin 0801, Aus-
tralia.

*Climate Diagnostics Bulletins, November 1988 to April 1989,
Available from the Climate Analysis Center, NOAA/NWS/
NMC, Room 605, World Weather Building, Washington D.C.
20233, USA.
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Fig.2 1988-1989 tropical cyclone tracks.
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duce a clustering of tropical cyclones originating
between 145°E and 180°. From the September
1988 SOI, one would have expected 15 to 20 trop-
ical cyclones to form in the Australian region;
only nine occurred. Additionally, one would have
expected a clustering of tropical cyclones origin-
ating between 145°E and 180° whereas five
cyclones formed between about 180° and 140°W
(see Fig. 2).

The major factor responsible for the unusual
distribution of tropical cyclones appears to be the
unforecast and relatively rapid development of an
active SPCZ over colder than normal SST in Jan-
uary and February. Seven tropical cyclones de-
veloped in this region (see Fig. 2). As indicated by
Revell and Gouiter (1986), a major anomaly is
usually required for tropical cyclones to form over
French Polynesia, i.e. between 130° and 150°W.
However, smaller anomalies do occur from time
to time which permit the sporadic development of
(usually minor) cyclones. This occurred in 1988-
1989 in January and February when Kerry, Gina,
Fili, Liki, Judy and Hinano developed.

More successful seasonal tropical cyclone fore-
casting for the South Pacific region must be able to
predict these minor anomalies and obviously
must include parameters other than SOI and sea-
surface temperature.

Analysis by Krishna (1989) of the number of
tropical cyclones originating between 150°E and
150°W since 1939 in relation to ENSO, reveals
that more cyclones are likely to occur in extreme
ENSO events when at least six consecutive
months of a year have an absolute SOI value
greater than nine. The mean number of cyclones is
10.3 with a standard deviation of 1.9 (nine events)
for extreme ENSO events, whereas for weaker
ENSO events the mean is 6.7 with a standard de-
viation of 2.5. The 1988-1989 season (not in-
cluded in Krishna’s analysis) was an extreme
ENSO event during which twelve cyclones origi-
nated between 150°E and 150°W,

Over mainland Australia, a feature of the sea-
son was the early southward progression of the
monsoon trough and above average early season
rain. The monsoon trough developed over the
northern region during November and the first
active period occurred during the last days of the
month and early December. Significant westerly
wind anomalies were evident during these months
at gradient level, and an anticyclone became es-
tablished over northern Australia at upper levels.
During December the trough was often south of
15°S over the Australian continent.

The months of January and February are gen-
erally considered to be the peak of the ‘wet’ season
in northern Australia. However, apart from an
active period at the end of January, the monsoon
trough was much less active than normal. Instead,
most activity was associated with the SPCZ. A
trend towards persistent upper troughs in the
Australian region was evident during this period,
which probably suppressed cyclone formation in
the northern region during January and Feb-
ruary.

By March the circulation had reverted to one
with stronger monsoonal characteristics over
northern Australia. Westerly anomalies at gradi-
ent level redeveloped. The surface trough and the
upper-level ridge were in close proximity during
late March and through April. This was a particu-
larly active period for cyclones (including Orson
and Aivu) and above average rainfall occurred.
Flooding was widespread across central Australia
due to two southern excursions of the monsoon
trough with the third active period of the mon-
soon during March.

Intraseasonal modulation

Within the season there was considerable modu-
lation of tropical weather activity. Several 40 to
50-day waves (Madden and Julian 1971, 1972)
moved from the eastern Indian Ocean into the
western Pacific Ocean*.

Effect of broadscale features on cyclone activity
The main period of cyclone activity in the South
Pacific near the dateline was during January and
February when the SPCZ was at its strongest and
monsoonal westerlies extended eastward to
160°Wt. Four systems developed east of the date-
line during this period, including the unusually
compact and intense system Judy, which formed
near 155°W, and Hinano which developed at
about the same time but to the east of Pitcairn
Island.

*Monthly Report on Climate System, November 1988 to April
1989. Available from Long-range Forecast Division, Forecast
Department, Japan Meteorological Agency, 1-3-4, Ote-machi,
Chiyoda-ku, Tokyo 100, Japan.

tFiji Meteorological Service Tropical Cyclone Reports 89/1-
89/9. Available from Fiji Meterological Service, Private Mail
Bag, Nadi Airport, Fiji.
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System performance

General

Specialist Severe Weather Forecasting Sections
were established within each Australian Regional
Office prior to the 1988-1989 tropical cyclone
season. These new sections provide the capability
for year-round development and refinement of
operational techniques as well as for strengthen-
ing the real-time operations of the Tropical
Cyclone Warning Centres (TCWC).

The inability of Nadi TCWC to receive GOES
WEST and polar-orbiting satellite imagery needs
to be addressed. Cyclones Fili, Hinano and Judy
occurred too close to the earth’s terminator with
respect to GMS to permit a reliable analysis of
their position and intensity.

The requirement continues for a storm surge
prediction facility for the many low-lying island
populations in the South Pacific.

Several new forecasting and analysis techniques
and equipment were also used this season. Their
impact is discussed below.

New forecasting techniques

1. After a detailed study of past synoptic situ-
ations, the Regional Severe Weather Section in
Perth developed a decision tree to identify trop-
ical cyclones with the potential to rapidly acceler-
ate. The technique successfully predicted the
rapid acceleration of cyclone Ned. Rapidly accel-
erating cyclones have been a major problem in
Western Australia and the ability to predict them
successfully is regarded as an important achieve-
ment.

2. Following a detailed study of coastal vertical
wind profiles relative to coast-crossing and non-
crossing cyclones over the past 22 years, the Re-
gional Severe Weather Section in Brisbane de-
veloped a technique for predicting the movement
of tropical cyclones approaching the Queensland
coast. This technique predicted 24 hours in ad-
vance that Aivu would make landfall between
south of Townsville and north of Mackay and not,
for example, recurve or cross north of Townsville
(see Fig. 19).

3. The Brisbane Office also introduced a
technique to predict movement of significant
(970 hPa or less) cyclones in the Coral Sea using
coastal upper winds, radar data and rainfall dis-
tribution. This aid performed well for all such
cyclones during the 1988-1989 season. Research
continues into adapting the method for use with
weaker and sheared cyclones.

4. A personal computer-based cyclone strike
probability system which was developed by James
Kelly (personal communication 1990), based on
work by Templeton and Keenan (1982), has been
applied in Brisbane for commercial customers
who receive the product through facsimile.

New equipment

Man-computer Interactive Data Access System
(McIDAS). High resolution GMS visible band
imagery made available through the Western Aus-
tralian Severe Weather Section’s McIDAS system
proved extremely useful in locating the centre of
Ned. This cyclone was difficult to locate because
of shearing; the cyclone eye was located by com-

Table 1. Tropical cyclone location and prediction errors compared to best track positions over the South Pacific and
southeast Indian Ocean in the 1988-1989 season. Error is the great circle error and number is the number of
verification points. Blank entries indicate unavailable data.

Forecast lead time 0h 12 h 24 h 36 h 48 h

Name error number error number error number error number error number
(km) (km) (tkm) (km) (km)

Hona 48 21 143 20 86 6

Eseta 46 8 109 4

Delilah 74 7 268 5

Fili 78 9

Gina 21 9 99 7 246 5

John 114 116

Kirrily 63 17 130 15 176 10 284 8 415 6

Harry 23 40 94 24 207 22

Leon/Hanitra 111 5 261 3

Hinano

Ivy 58 28 124 22 249 22

Judy 33 6 87 4

Marcia 54 5

Ned 34 23 124 19 320 12 529 8 624 8

Kerry 102 12 161 6 282 4

Aivu 26 12 103 11 189 9 228 9 286 9

Lili 37 16 103 15 188 13

Orson 25 24 72 15 145 16 197 14 365 14

Meena 41 18 153 14 302 11 405 11 544 11

Ernie 77 8 197 6 323 4
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paring hourly visual and infrared imagery which
is relatively easy to do using McIDAS.

MCcIDAS also proved invaluable in the Brisbane

office when implementing Dvorak (1977) tech-
niques for estimating cyclone intensity from
cloud images; a running mean T number obtained
from hourly pictures was found to be more
reliable than assessing a T number from three-
hourly imagery.
Stretched visible and infrared spin-scan radio-
meter (VISSR). The availability of hourly
stretched VISSR imagery from the Japanese GMS
for the first time significantly improved the analy-
sis of cyclones in the region. The resolution of
VISSR imagery (1 km) provides operationally im-
portant detail that was unavailable with the
coarser resolution (5 km).

Verification statistics

One of the major innovations of this season was
the introduction of uniform verification pro-
cedures throughout the region.

The standard verification parameters are now
latitude, longitude and central pressure.

At the end of each cyclone season, it is normal
practice to re-analyse all available tropical
cyclone track information to establish the most
likely actual track. Often, because of the influence
of data that were unavailable in operational real-
time, the redrawn tracks or best tracks differ from
those used operationally. The verification under-
taken here compares the operational tracks at
various forecast lead times with the correspond-
ing best tracks. Table 1 lists the mean Great Circle
(GC) distance error and the number of location
comparisons for each cyclone.

Different operational practices in the regional
TCWCs prevent Table 1 from being complete;
there is no verification of central pressure.

Figure 3, derived from Table 1, indicates that
larger initial position errors corresponded to
larger 12-hour and 24-hour forecast errors (Figs
3(a) and 3(b) respectively) and that larger initial
position errors usually occurred with weaker
cyclones (Fig. 3(c)).

Fig. 3(a) 12-hour forecast position errors as a function
of analysis position error.
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Fig. 3(b) 24-hour forecast position errors as a function
of analysis position error.
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Fig. 3(c) Analysis position error as a function of cyclone
intensity.
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Tropical cyclones in the south
Pacific and southeast Indian Oceans
1988-1989

The cyclones that occurred in the south Pacific
and southeast Indian Oceans during the 1988-
1989 cyclone season are summarised in Tables 2
and 3 and are subsequently described in greater
detail, listed chronologically 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

(T) Papeete, Tahiti.

If the responsibility for a cyclone was
subsequently passed to another office then both
are listed, in chronological order of responsibility.
The dates cited denote the tropical cyclone period
and all times are in UTC. The track diagrams in-
dicate the tropical low, tropical cyclone and sev-
ere tropical cyclone phases as dashed lines, solid
lines and asterisk lines, respectively.
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Table 2. Tropical cyclones of the South Pacific and southeast Indian Ocean in the 1988-1989 season

Initial tropical low phase

Start tropical cyclone phase

Name Date Time Lat Long Date Time Lat Long
llona 12 Dec 0000 1208 1283 E 14 Dec 0300 164S 1178 E
Eseta 15 Dec 1800 13.0S 169.0 E 23 Dec 1200 2008 173.0E
Delilah 31 Dec 2234 18.38S 156.7 E 1 Jan 0001 17.5S 154.5E
Fili 1 Jan 0216 13.08 168.0 W 5 Jan 1800 2258 167.0W
Gina 5 Jan 1800 14.0S 174.0 W 7 Jan 1200 15.58 1720W
John 12 Jan 0600 7.6 S 103.3 E 26 Jan 1800 12.28 96.0 E
Kirrily 3 Feb 1200 11.0 S 106.2 E 6 Feb 0001 13.0S 1093 E
Harry 7 Feb 1800 1758 160.5 E 8 Feb 1200 18.0S 162.0E
Leon/Hanitra 13 Feb 0600 1208 102.0E 18 Feb 1800 12.8 S 92.7E
Hinano 21 Feb 0000
Ivy 23 Feb 0000 16.4 S 169.7E 23 Feb 2100 17.5S 167.0E
Judy 24 Feb 1200 23.08 1343 W 25 Feb 2050 2258 156.5W
Marcia 2 Mar 0001 15.5S 101.5 E 3 Mar 0600 17.08 98.4 E
Ned 25 Mar 0600 1748 119.8 E 26 Mar 1200 1728 1153E
Kerry 29 Mar 0000 15.08 173.0 W 1 Apr 0001 22.5S 178.0E
Aivu 31 Mar 1200 10.0 S 153.0E 1 Apr 0100 106 S 152.3E
Lili 6 Apr 1800 12.58 161.5E 7 Apr 0100 1228 162.7E
Orson 17 Apr 0001 10.0S 12.0E 18 Apr 0600 126 S 1241 E
Meena 2 May 0600 11.0S 1640 E 4 May 1800 14.3S 160.5E
Ernie 9 May 2100 12.6 S 1552 E 10 May 0600 13.6S 153.5E
End tropical cyclone phase Decay of tropical low
Name Date Time Lar Long Date Time Lat Long
Hona 18 Dec 1200 2598 119.1 E 19 Dec 1600 26.7S 127.0E
Eseta 25 Dec 0001 2408 1745 E 27 Dec 0000 29.0S 171.0E
Delilah 4 Jan 0500 29.5S 171.5E 4 Jan 1800 3258 171.5E
Fili 7 Jan
Gina 9 Jan 1800 20.5 S 174.5 W 9 Jan 2100 21.0S 1753 W
John 29 Jan 0300 19.2 8 100.9 E 2 Feb 0600 259S 104.1 E
Kirrily 11 Feb 0001 2508 103.0 E 11 Feb 1200 239S 1020E
Harry 18 Feb 0600 2758 166.0 E 19 Feb 1200 2758 166.5E
Leon/Hanitra 1 Mar
Hinano 28 Feb 1200
vy 1 Mar 1800 22,58 172.0E 2 Mar 1200 2258 1694 E
Judy 27 Feb 1800 245 S 161.5W
Marcia 4 Mar 1200 219 S 97.1 E 6 Mar 0600 30.18 97.0E
Ned 1 Apr 0000 32,78 116.6 E 1 Apr 0600 35S 120.8E
Kerry 3 Apr 0600 2458 1740 W 3 Apr 1800 27.0S 171.0W
Aivu 4 Apr 0600 20.0 S 146.3 E S Apr 1200 220S 1422E
Lili 11 Apr 0600 2388 167.8 E 11 Apr 1800 260S 171.0E
Orson 23 Apr 0900 246 S 1249 E 24 Apr 1200 3208 130.2E
Meena 9 May 0001 1248 1432 E 10 May 0600 11.5S 1374E
Ernie 12 May 0600 12.3 S 149.6 E 12 May 1200 12.3S 1488 E

Ilona weakened after landfall but still caused

Ilona (P): 14 to 18 December 1988 (Fig. 4)
Tropical cyclone flona formed as a tropical low to
the north of Broome on 12 December and reached
tropical cyclone intensity near 16.6°S, 121.4°E
early on 13 December.

The cyclone steadily decelerated as it intensi-
fied. It began to recurve towards the Western
Australian coast during 16 December crossing the

coast between Dampier and Port Hedland at 1600 .

on the 18th. Maximum wind gusts of 174 km h—!
were reported near the centre with a barometer
reading of 965.3 hPa.

minor damage inland before decaying. The
cyclone produced record December rainfall totals
in central parts of Western Australia.

Eseta (N): 23 to 25 December 1988 (Fig. 5)

Eseta developed from a shallow area of low
pressure within the monsoon trough just north of
Vanuatu. On 15 December 1988, the low pressure
system moved gradually southwest then south,
with little change in intensity. During 20 to 21
December a high pressure cell developed pole-
ward of the system preventing further southwards
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Table 3. Maximum intensities and effects of the 1988-1989 season South Pacific and southeast Indian Ocean

cyclones.
Maximum estimated intensity

Name Date Time Lat Long Pressure Wind
llona 12 Dec 0600 19.2 S 115.7E 960 190
Eseta 24 Dec 2100 2358 173.0E 140
Delilah 2 Jan 1200 21.08 166.5 E 150
Fili 6 Jan 0600 2408 166.0 W 150
Gina 8 Jan 0600 17.5S 1715 W 80
John 27 Jan 1200 13.0 S 942 E 990 110
Kirrily 9 Feb 1200 2238 106.4 E 955 205
Harry 14 Feb 0001 19.0 S 158.8 E 925 250
Leon/Hanitra 19 Feb 1200 12.8 S 89.0 E 988 110
Hinano 25 Feb 0000 :
Ivy 27 Feb 0001 21.08 170.7 E 970 140
Judy 26 Mar 1200 2238 157.8 W 70
Marcia 3 Mar 0600 17.0 S 984 E 995 85
Ned 29 Mar 0001 20.7 S 109.1 E 941 235
Kerry 1 Apr 1800 2258 179.0 E 90
Aivu 3 Apr 0600 17.0 S 1492 E 935 175
Lili 8 Apr 1800 14.8 S 1650 E 970 140
Orson 22 Apr 1600 19.6 S 116.1 E 905 249
Meena 6 May 0600 1508 1550 E 990 80
Ernie 11 May 0001 12.3 S 151.1 E 988 85
Name Cost (USSM) Deaths Surge (m) Comments
llona
Eseta Floods, landslide and crop damage
Delilah 1 Floods, landslides
Fili
Gina
John
Kirrily
Harry
Leon/Hanitra
Hinano
Ivy Floods, landslides
Judy
Marcia
Ned
Kerry Heavy crop damage
Aivu 70.5 1 3.3 US$27.5M agricultural losses, 20 injured
Lili Floods, landslides, crop damage
Orson 16 4 3.1 Mostly property damage by wind
Meena :
Ernie

movement and, by 1200 on 23 December, tropical
cyclone intensity was reached.

Eseta caused widespread rain over Fiji from 22
December, when the system was still lying
between Vanuatu and New Caledonia, until 27
December. The highest one-day rainfall during
the period was 366 mm in the period ending 0100
24 December. Eseta reached peak intensity on 24
December with maximum winds of 100 km h~!
with gusts near its centre to 135 km h—1,

By 0001 25 December, after maintaining trop-
ical cyclone characteristics for only 36 hours,
Eseta weakened into a depression which later, as

an extratropical depression, caused major flood-
ing over parts of the North Island of New
Zealand.

Delilah (B) and (N): 1 to 4 January 1989 (Fig. 6)
Towards the end of December 1988, the SPCZ
was very active and westerlies to its north ex-
tended to 160°W. Two depressions formed in this
zone; one in the Coral Sea near Australia de-
veloped into Delilah and the other, close to
Samoa, developed into Gina.

During Delilah’s formation, pressure falls
around the depression were very localised. At
about 1800 30 December, an intensifying anti-







