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ABSTRACT

A study is made of tropical cyclones ‘which-have been
reported in low latitudes, paying particular attention to their
occurrence in the western Pacific and northeastern Indian
Oceans. The incidence of such storms is examined to deter-
mine their seasonal pattern and frequency of occurrence, as
well as to determine if there were any marked differences in-
their patterns in either hemisphere. Details of wind damage
and cyclone tracks are studied to ascertain how close to the
equator cyclones have operated. It is concluded that it is not
unusual for tropical cyclones to originate near the équator in
the western Pacific and northeastern Indian Ocean areas.
Although rare, storms have reached hurricane intensity at
latitudes lower than 5°

1. INTRODUCTION

The development of cyclone "Annie', November 1967, in an area which was
described as '"unusually far north', initiated an investigation into the climatology of
low latitude cyclones in the Solomons area, as forecasters tended to doubt the pre-
sence of a fully developed cyclone at such a low latitude (6 S). The small size of
this storm enabled it to slip through the reporting network without much synoptic
evidence of its existence.

There were little data available on the expected frequency of such an event,
and consequently it was decided to examine all available records of past storms in
these latitudes of the northeast Australian region. The study was extended later to
cover low latitude cyclones in the north and northwest Australian regions as well as
an examination of the vast amount of data for the northwest Pacific.

2. REVIEW OF LITERATURE

There seems little doubt that the small size of cyclones in low latitudes and
the sparsity of reporting networks in most equatorial regions of the world have con-
tributed towards the general lack of data on such phenomena, particularly in the pre-
satellite era. In addition, it is obviously very difficult to determine exactly when a
vortex reaches an intensity sufficient to produce winds of gale force (34 kt) if it is
located over an oceanic area of low network density. Consequently, the literature
includes a variety of opinions as to the equatorial limit of tropical cyclone activity
and there has been a tendency for generalisation to be based on the idiosyncrasies of
particular areas.

Throughout the paper, "vortex of cyclone intens\ity“ is used to describe
tropical cyclones with winds equal to or greater than 34 knots and up to 63 knots,
beyond which the intensity is described as "hurricane or typhoon'.
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R.A.A.F. (1942) claims that, to the northeast of Australia, hurricanes
are rarely experienced within 10° of the equator. Its statement that "occasionally
one affects the Solomon Islands but only the southernmost end of the group
(lat. 8 °.11 °S)'" has been proved incorrect by recent experience in this area. It
provides a safeguard, however, in the statement that "it is possible that a cyclone
may pass unrecorded between the island groups'.

Comparable latitudinal limits are mentioned by Dunn (1956) and Haggard
(1958) with respect to Atlantic hurricanes. The former found that 1n the period 1901 -
1955 only one vortex reached hurricane strength south of latitude 11 N this occurring
at latitude 9°N. From data listed by Haggard (1958) it was concluded that the forma-
tion of an Atlantic hurricane south of latitude 10°N was a very rare event, occurring
only twice in 59 years.

A lower latitudinal limit (8°) has been quoted by Palmén (1956) and
Koteswaram (1962). Palmén states 'that unless an unreasonably large area of con--
vergence or great original tangential mean velocity values are assumed, cyclones of
hurricane intensity cannot form essentially equatorward of about 8 "". Such a limiting
latitude is supported by Koteswaram's (1962) statement, "It is well known for nearly
a century that the areas of origin of tropical cyclones are beyond about 8° of the
equator', claiming that Coriolis is too small for storm circulation at lower latitudes.

Data presented by Gabites (1956) and Jamieson (1956) for the southwest and
northwest Pacific regions, respectively, showed cyclone tracks in latitudes as low as
60, whilst the statement that '"few, if any, tropical cyclones have been observed w1th—
in 5 of the equator' is quite common in the literature. An equatorward limit of 5°
latitude is quoted by the Hydrographic Department, Admiralty {1938), Dunn (1951),
Bergeron (1954), Gibbs (1955), Thu Ta {1956) and Riehl (1965), to mention but a few,
whilst data for the northwest Pacific presentéd by Frank and Jordan {1960) and
Arakawa (1962) show typhoons as far south as latitude 5°N. From the bulk of the
literature on tropical cyclones, one gains the impression that there is a latitudinal
limit of 5° on either side of the equator. '

3. DATA

The data for this study were extracted from-cyclone case histories in the
Tropical Cyclone Warning Centre, Brisbane, as well as from the published seasonal
summaries. Additional material was made available by the Regional Directors,
Northern Territory and Western Australia, for the northern and northwestern regions,
respectively. Several data sources were explored to obtain evidence of cyclonic
activity in the New Guinea-Papua-Solomons area, and reports from ships' captains,
timber-getters, etc, as well as the contents of radio news items and press cuttings
were used as supplementary data. Some early publications provided a fruitful source
of data regarding cyclone damage in other areas.

For the typhoon area of the northwest Pacific, a vast amount of aircraft
reconnaissance data was extracted from the annual typhoon reports published by
Fleet Weather Central/Joint Typhoon Warning Centre, Guam. Additional material
for this area was provided in private communications from Captain W, L., Somervell,
the Officer in Charge of U,S. Navy Research Facility.

Because of the very sparsity of the reporting networks, no claim is made
as to the completeness of the data.
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- 4, THE NORTHEASTERN AUSTRALIAN REGION
(Longitudes 140°-170°E)

All available reports of wind damage or suspected cyclones were investi-
gated to ascertain whether or not cyclonic activity was involved. However, no
synoptic evidence could be found for most of the strong winds reported in the lowest
latitudes as they appeared to be purely of convective origin,

Some examples of this type of wind damage are as follows:

(i) Talasea (5. 3°S, 150.0°E) on 14/12/65: A severe squall lifted
an office and store room 8 feet into the air, leaving only the
concrete floors,

(ii) Keravat {4. 3°S 152, OOE) on 20/6/67: Tornado-type damage
at the Gazelle Timber Company Mill - hurled two large iron
roofs from the sawmill 100 yards..

(iii) Pomio Hospital (5. 6° S, 151, 5° E) on 28/8/67: $4200 damage
when houses were demolished during a thunderstorm. Synoptic
situation showed a trough passage but comparatively light
gradient winds.

(iv) Momote (2. IOS, 147.50E) on 5/4/68: Several trees blown ’
down and war-time sheds demolished in strong squalls with
maximum gust 60 knots, A fuel lighter broke loose at the
Naval Base where the maximum gust was estimated at
‘80 knots,

The Master of M.V, "Mirani", based at Sohano (5.5°S, 154.6°E) in
northern Bougainville described some small circular storms which he had encountered
between Bougainville and New Ireland and as far north as the Nuguria Group (3.5 S
154, 8° E). His general description of this storm type is of interest and is quoted at
length,

He claims that there is a "circular cloud formation composed of several
columns of cumulus and probably one or two cumulo-nimbus with slight anvil develop-
ment at the top. The storm cloud base has heavy to very heavy rain and when
approaching has every characteristic of a line squall. When within 1 to 3 miles, the
wind suddenly increases from a gentle, variable breeze, to 15-20 knots coming from
the direction of the storm front. .On entering the front, heavy rain is experienced,
and the wind easing by about 50 percent may veer several points. As the inner edge
of the front approaches, rain cases to a fine drizzle and the wind to a ‘light breeze of
5-10 knots. On coming clear of the front a perfect eye is found, or a partial eye of
horseshoe shape. The eye is from 3 to 10 miles in diameter, the sky clear or with

high ragged cumulus, the winds light variable and the sea slight confused and choppy:
One has the impression of being in a high-walled room, with walls of rain and
cumulus cloud. On entry into the opposite quadrant of the storm, winds are NE to
SE 10-15 knots, rain moderate to heavy. On clearing the storm, winds quickly
settle’back to the prevailing quarter, increasing to 20-25 knots, and remain at that
force till sunset."
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A description of a particular storm on 6 January 1967, when the
M.V. "Mirani" was located at 3. 7°S, 154. 6°E, includes the following:

"A small but compact front had formed to the south. At 0150 GMT the
front arrived with wind briefly gusting to about 15 to 25 knots and heavy rain. By
0220 GMT rain had cleared completely and the ship was in an eye of about 3 to 4 miles
diameter, the wind slackened to about 5 to 10 knots, veered to the north, then con-
tinued ‘'variable till the opposite side of the eye arrived over the ship. Moderate rain
was then experienced. The rain lasted about 10 minutes and on emerging, the wind
veered SE 20-25 knots for a brief period, then backed to the NW and continued fresh
to strong for the remainder of the day. This storm was observed to dissipate at
about 0330 GMT ."

The Master of this vessel described a number of similar storms which he
classed as "pigmy hurricanes', observing that they "only occur (in this area) during
the change of season from SE to NW'", In view of the lack of supporting synoptic or
satellite photography evidence, with little variation in pressure and no sustained
strong winds, it seems certain that the storms he describes are related to convective
phenomena on the equatorial trough. The horseshoe-shaped eyes may be attributed
partly to an optical phenomenon similar to the apparent arching of straight bands of
clouds (Humphreys, 1929).

A similar type of phenomenon was observed by a TAA pilot off the coast of
New Britain in Open Bay (4. 8° S, 151.7 E) on 1 February 1969. He reported ""flying
over a micro-scale cyclone complete with eye and spiral bands. It was constructed
of cumulus and stratocumulus cloud with tops to 8,000 ft." The pilot stated that seas
were normal, so strong surface winds were not present. Again, no synoptic or
satellite evidence could be found to support the claim that the phenomenon was a small
cyclone. '

No similar check, however, can be made on the report by Piddington (1859)
that violent storms ""which seem to be typhoon-like' have been experienced in the
Kingsmill Island (1°S 176°E) of the Gilbert Group. On the other hand, maps of the
western Pacific Ocean in Meteorological Office (1947) show that at least one cyclone
(February 1891) commenced between the Gilbert and Phoenix Groups at about 3%,
176°W.

In association with synopt1ca11y identified cyclones, gale force winds have
been reported as far north as Rabaul (4.2 S, 152,2°E) and Buka Island (5. 29%s,
154. 6°E) probably due to gradient winds being reinforced through St. George Channel
and Buka Passage, respectively. No such local effects can be evoked at Nauru
(0.5°s, 166, 9° E) where, in December 1963, westerly gales reached a maximum of
52 knots in a northeastward moving cyclone whose lowest latitude, however, was
about 9.5°s.

It would appear that cyclonic gales can occur at exposed coastal stations
as far north as the equator over most of the area. The Bismarck Sea and the north-
western Solomon Sea must be considered as exceptions as there are no cyclones on
record as having affected these areas. Perhaps the New Guinea mountain ranges
(8-12, 000 ft) affect the low level inflow into potentially convergent areas. In the
western Solomon Sea, however, there is on record {(Visher and Hodge, 1925) a
cyclone of hurricane intensity which affected the east coast of New Guinea in
December 1840, but its track was not given by Visher and Hodge.



Rare cyclones have approached within 30 miles of the southern coast of
Papua and consequently this coastal section cannot be considered free of cyclonic
gales, or even winds of hurricane force. In March 1923, the Douglas Mawson cyclone
{Whittingham, 1968) moved on a looped track over the northeast Torres Strait very
close to western Papua. Darnley Island (9. 6°S, 143, 8°E) experienced ''tremendous"
northwest winds which practically destroyed the settlement, and 4 to 5 foot banks of
living coral were dashed up by the waves on the northwest side of the island. In
February 1923, a cyclone passed within 30 miles of Samarai {10.6°S, 150, 7°E)
(Visher and Hodge, 1925) but no reports of damage were available, whilst the same
reference includes the track of a cyclone which apparently commenced about
60 miles south of Port Moresby,

Reports of hurricane force winds, or damage compatible with hurricane
force winds, in the low latitudes to the northeast of Australia have mostly been
confined to the Solomon Islands, Some examples of these are as follows:

(i} North Malaita (8. 3°S, 160.70E) November 1966: Hundreds of villages
damaged or destroyed, between eight and ten thousand people rendered
homeless as a result of cyclone "Angela''. Winds between 60 and
80 knots uprooted trees and damaged bridges, and 30 {ft waves were
reported at sea,

{ii) Marau (9.8°s, 160. 8°E) November 1966: Two days after cyclone
"Angela", the exploration party of the M, V. "Craestor' working
inland from Marau by helicopter, found spectacular forest devastation
in elongated strips two to four miles long and half to one mile wide.
Trees were stripped of all foliage and branches, although the main.
trunks were still standing.,. The damage diminished gradually west-
ward. Forest damage similar to this in Australian cyclones has been
caused by winds of the order of 100 mph.

(iii) Russell Island (9. 1°S, 160.2°E) March 1967: The manager of a coco-
nut plantation estimated that wind gusts reached 90 mph in cyclone
"Glenda'", 600 acres of coconut plantation were completely destroyed,

{iv) South Coast, Guadalcanal (lat. 9.5°S) March 1967: Severe forest
damage was found by the C.R.A, Explofation Party after cyclone
""Glenda'. Leaves and branches were stripped and all the larger trees
badly mutilated. There were no well defined strips of damage, but
rather irregular patches. Villages were badly hit, many being
virtually demolished.

(v} - Sasamunga area (7. OOS, 156.8°E) November 1967: Gusts to 80 mph
and considerable damage reported during cyclone '""Annie''.

{vi) Milne Bay {10, 6°s, 150. 6°E) November 1967: Seven lives lost when
several ships caught in cyclone "Annie' and sunk. A newspaper report
stated that winds of up to 100 knots hit the area,

(vii) Conflict Group (10. 7°s, 151.40E) November 1967: On the southwest
side of the Island seas reached 6 feet above normal tides in a storm
surge associated with cyclone "Annie'". Hurricane force winds caused
severe damage, all palms blown SSW to NNE.

(viii) Misima (10.7°S, 152.7°E) November 1967: 131 houses destroyed and
several people killed during devastating winds in cyclone ""Annie',
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(ix) Kolombangara Island (7.7°S, 156.6°E): In 1967, Mr. B. O'Keefe,
a timber-getter in the New Georgia Group, found evidence that a
cyclone had struck the island years before., There was specta-
cular forest damage over an area ten miles along the coast and
five miles inland.

(x} Vanguna Island (8.6°S, 158. OOE): The same timber-getter reported
evidence of damage caused by an earlier cyclone. He estimated
that the damage was 50 years old but such estimates-are considered
unreliable in tropical jungle. He reported that 60 to 90 ft boles were
still standing and some trees 18 ft in circumference were blown
over. Large numbers of the trees had their tops blown off, This
damage was also over a coastal strip about ten miles long and
five miles wide.

{xi) West Papuan Coast (9.205, 141.5°E): Mr. B, Ruxton, C.S.I.R.O.
Division of L.and Research, reported evidence which suggests that
storm surges have affected the Trans-Fly area adjacent to the

West Irian border. He stated, in correspondence, that "Apart from
several anomalous features along the coast south of Morehead up to
1-2 feet above high tide level, e.g. scattered mangrove, pumice
fragments etc., there are also 10-20 miles inland peculiar
érosional features up to and over 10 feet above high tide level (as
determined by levelling), e.g. extreme '"sheetflood" scouring
causing a tussock micro-relief even right on drainage divides where
run-off water is absent'.

Such evidence seems to indicate that a cyclone or cyclones of
hurricane intensity could have crossed the coast or passed very
close to this section of the Papuan coast.

From the records available it would appear that damage consistent with
hurricane force winds has been reported on the islands, as far north as latitude 7%s,
but not on the Papua-New Guinea mainland with the exception of the eastern tip, and
possibly the Papuan coastline west of the Fly River.

Tracks of some significant low latitude cyclones (north of latitude 130,
since 1920) in the area to the northeast of Australia are shown in Fig. 1. Data for
the earlier cyclones were obtained from Visher and Hodge (1925) and for the more
recent cyclones from case history files. It is considered that many of the earlier
cyclones would have been missed because of deficiencies in detection methods, and
so the map makes no claim to completeness for these years.

It should be note/d that cyclones in these latitudes do not necessarily move
away from the equator. The cyclones of March 1967 {"Glenda'), December 1963,
December 1952 and March 1923 (the Douglas Mawson cyclone) moved significant
distances equatorwards (as far as 1at.10°S) while deepening., The first-named moved
from 124°5 to nearly latitude lOOS, and the second from 15° to latitude 10° where it
caused westerly gales as far north as the equator. The Douglas Mawson cyclone of
March 1923 (Whittingham, 1968) moved in a looped track from 1at.114°S to about
91°s. The fact that a cyclone is centred at a higher latitude, therefore, does not
necessarily mean that all danger is past. "Similar abnormalities in tracks of Atlantic
hurricanes were noted by Riehl and Shafer (1944) although they found that only
three storms moved southeastwards between 1935 and 1943,
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Because of the more complete records in recent years, frequency analyses
were based on a 20-yéar period of record 1948-67 inclusive. Monthly analyses of
cyclones north of latitude 13°S and north of latitude 10°S are presented as Table 1,

It can be seen that the annual frequency of cyclone formation anywhere within this
area (between 140° and 170°E longitude) is approximately one cyclone per season
north of latitude 13°S and one every three seasons north of latitude 10°S. As near as
can be gauged there were five damaging cyclones which affected the Solomon Islands
in the 20-year period, i.e. a frequency of one cyclone in four years,

Table 1. (A) Incidence of Tropical Cyclones in the Northeast Australian
Region north of lat 13°S in the 20 years 1948-67

b
;

Year |Jan. Feb. Mar.| Apr. May Jun. | Jul. Aug. Sep. [Oct. Nov. Dec. ual

1948 | 1 1
1949 1

1950
1951 2
1952 | 2 : 1
1953 | 1
1954 2
1955 1
1956 1 1
1957 _
1958. 2 1
1959 1 _ 1
1960
1961 | 1
1962 .
1963 1 1
1964 | 1
1965 | 1
1966 : : 1

1967 1 1

Totals 6 1 6 5 0 1 0 0 0 0 3 5

NN - S NOEFODNWONFEN—WNO -

NV

Approximate frequency 1 cyclone per calendar year .

(B) Total Number of Tropical Cyclones, in the Northeast Australian
Region north of lat IOOS in the 20 years 1948-67

Jan. Feb., Mar.| Apr. May Jun.|Jul. Aug. Sep.|Oct. Nov. Dec. |Annual

Total

0 0o - 2 1 0 1 0 0 0 0 2 2 8
20 Yrs

Approximate frequency 1 cyclone per 3 calendar years
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The seasonal distributions of cyclones in the New Guinea-Papua-Solomons
area are shown in Fig. 2. Both distributions indicate a marked double peak in cyclone
probability which is, of course, consistent with the seasonal movement of the equator-
ial trough. This is normally located well to the south of Papua and the Solomons in
February, which is close to the period of maximum frequency in higher latitudes but
is a month of minimum cyclone frequency in the lower latitudes. However, not all
low latitude cyclones are located on or near the equatorial trough; the occurrence
should be noted of an unseasonal cyclone in June 1958 when wind gusts at Honiara
reached 54 knots,

5. THE NORTHWESTERN AND NORTHERN AUSTRALIAN REGIONS
(Longitudes 90°-140°E)

Fig. 3 is a map showing known tracks of tropical cyclones which have
originated north of latitude 10°S in the northeast Indian Ocean and the Banda, Arafura
and Timor Seas. Data for the period 1952-67 were extracted from the tropical
cyclone seasonal summaries and some additional material made available from the
West Australian and Northern Territory Regional Offices. A few earlier cyclones
were included to show representative tracks of low latitude storms but such data would
represent only a small sample of the information which must be available from vari-
ous sources, Most of the earlier tracks were extracted from Visher and Hodge (1925)
and Meteorological Office (1947).

In the area of the Indian Ocean being studied, there were thirteen cyclones
originating north of latitude 10°S during the years 1952-67 inclusive; in other words,
there is an average frequency of about one cyclone per season. In the same period,
there were apparently eight such cyclones over the Timor and Arafura Seas, or about
one cyctlone per two years.

Monthly data show a- fairly uniform distribution throughout the season,
November to April, with no marked frequency peaks as in the northeast Australian
region.

It is to be expected that tropical cyclones in the Indonesian area would be
most likely to occur at the highest latitudes, i.e. around Timor. This is confirmed
by Bureau of Meteorology (1949) which advises pilots that cyclones affecting the
Darwin-Singapore air route mostly originate in the Timor and Arafura Seas, espec1—
ally in the vicinity of the Tanimbar (7.5°S, 131.5 E) and Aroe (6.0°S, 134, 5° E)
Island groups. It mentions that these storms exhibit a maximum frequency late in the
season, i.e. during April and early May.

Braak (1929) and RAAF (194 3) state that these cyclones are of rare occur-
rence and much inferior in intensity to the Philippine typhoons, but Piddington (1859)
considered that the Timor Sea was subject to ""true hurricanes'., It is interesting to
note that the major direction of cyclone movement in the Timor Sea (to WSW) was
also known to seamen more than one hundred years ago.

There is on record (Braak 1925) a cyclone which wrecked the island of
Roti (10, 6°s, ‘123, 0° E) at the southwest tip of Timor on 21-22 April 1843 when
75 inhabitants were killed and many homes destroyed. Braak (1925) found that most
of the cyclones which affected Timor moved SW into the Indian Ocean but a few took
a more westerly course and affected the weather in Java. He stated that '"there are
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