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(Manuscript received August 1966)

ABSTRACT

Spatial and temporal distributions of rainfall in tropical
cyclones which are wholly located over the Coral Sea are
studled from forty years of records at Willis Island (16. 3° S,
150.0 E), a small coral island of low relief. By relating
the distance and bearing of Willis Island from the cyclone
centre to the direction of cyclone movement and plotting
twenty-four hour rainfall data on polar diagrams, an envelope
of the heaviest rain area is obtained, both for eastward and
westward moving ‘cyclones.

Rainfall patterns over the mainland are examined in
detail for twenty well-documented cyclones which have had
a minimum path of 200 miles over the Australian continent,
chiefly in Queensland and New South Wales. The areal
distribution of the rain is discussed with reference to the
various types of cyclone tracks and quantitative estimates
of mean rainfall depths are derived from area-depth curves
based on isohyetal maps. The variation in such depths from
cyclone to cyclone is studied in relation to the speed, size
and intensity of the cyclone, as well as the moisture content
of the inflowing air and the mean elevation of the tépography
in the rain area.

To determine the effect on the rainfall of the filling process
in each cyclone as it moves inland, mean rainfall depths are
related to changes in central pressure during the corresponding
twenty-four hour periods.

I. INTRODUCTION

Although the physiography of the northeast Australian region (Fig. 1) does not
exhibit any marked ‘relief by world standards, or even by comparison with the highland regions
of southeast Australia, its topography is by no means insignificant, By contrast with the flat
terrain of the hurricane belt in southeast U.S.A., to which most of the literature refers,
Queensland and northeast New South Wales present quite a variety of topographic features to
incursions of tropical cyclones. In Queensland, the Dividing Range is mostly. 2000 to 3000 ft in
elevation, but in addition to the central highland ‘massif, coastal ranges are 51gn1f1cant in
several areas, chiefly between Cairns and Townsville, near Mackay and on the Queensland-
New South Wales border where the eastern end of the Macpherson Range reaches almost to the
coast. In New South Wales, the Dividing Range is higher (3000-5000 ft), running parallel to the
coast and in close proximity to it. Consequently, it is to be expected that topography would play
an important part in the distribution of cyclonic rains over northeastern Australia, particularly
with regard to the coastal ranges and the main divide south of latitude 27°S.

The warmer summer sea temperatures in the Northern Hemisphere (Sverdrup, 1945)
indicate that tropical cyclones can form more readily (Fisher, 1957) and can remain warm-
cored much further from the equatbr in the western North Atlantic and the North Pacific than in
the northeast Australian region. In addition, relationships between minimum pressure of
cyclones and the sea surface temperature (e. g. Miller, 1957) confirm the impression that
Australian storms are generally less intense than their northern hemisphere counterparts.
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Nevertheless, a comparison of area-depth rainfall data compiled for U.S. hurricanes,
(Schoner and Molansky, 1956) and Australian cyclones shows that the latter are very efficient
rain-producers and, in this regard, they must be considered as constituting a similar flood
threat., The damage caused by run-off from hurricane rains in the United Statés is recognised
as being more serious than wind damage (Gentry, 1962) and second only to that caused by storm
surges (Gentry, 1956). However, no figures comparing wind and flood damage in Australia
are available.

Extreme wind gusts are as low as 79 knots at Cairns, 77 knots at Townsville,
101 at Bowen and 87 at Rockhampton (Whittingham, 1964), but peak discharges of the order of
one million cusecs {Irrigation and Water Supply Commission, 1946) have been observed in one
stream after a cyclone and total flood run-off has reached as-high as 28 million acre feet
(Bureau of Met., 1966). As yet, however, tropical parts of the northeast Australian region do
not have a sufficient density of population to feel the full devastating effects of such floods, but
the situation must deteriorate and greater accent will have to be placed on the study of rainfall
distribution in tropical cyclones.

This paper is an investigation of the intensity and spatial distribution of rainfall in
Australian cyclones. It thus attempts to rectify some of the deficiency. In view of the marked
changes in friction and moisture supply which take place when tropical cyclones move from
open ocean to a position wholly over the continent, the study necessarily fell into two parts,
" {i) the distribution of rainfall over the ocean and (ii) over the continent., The rainfall
distribution over the continent was further examined in detail and related to various meteoro-
logical parameters.

2. DATA

The dearth of rainfall data over the oceans means that the greater part of the paper
concentrates on cyclonic rainfall over the Australian mainland, where a reasonable density of
rainfall recording stations is available. Despite a marked increase in the number of pluvio-
graphs in recent years, there were insufficient records in the vicinity of tropical cyclones to
assess short period areal depths and consequently the analyses are based chiefly on 24-hourly
rain gauge readings {to 2300 GMT) with supporting pluviograph data wherever possible,

As an indication of rainfall dist%ibution reolative to cyclone tracks over the Coral Sea,
data were analysed for Willis Island (16.3°S, 150.0 E), a station which has a long period of
record and is situated near the area of maximum cyclone frequency (Brunt and Hogan, 1956).

Details of cyclone tracks, including central pressure, speed of movement, size and
intensity, were extracted from case history data and the relevant 3-hourly synoptic charts.
Concerning rainfall distributions over the continent, twenty cyclones with a minimum path of
200 miles over the mainland were studied. For the greater part of their lives over the
continent winds had dropped below cyclonic intensity but the tracks were continued until such
time as a closed circulation could no longer be identified. The limited number (20) of storms
studied and the use of 24-hour rainfall records placed some limitations on the analyses. Time
did not permit an analysis extending over a sufficient number of years to undertake investigations
for separate orographic regions. - ’

No allowance was made for the limitations of rain gauge catch under high wind
conditions. The serious underestimation of rainfall measured in cyclonic winds has been
mentioned by many workers, e.g. Tanuehill (1940) and Miller (1958), and consequently areal
rainfall depths must be considered suspect in the region of hurricane force winds. Dunn (1951)
suggests that as much as 50 per cent of the rain could be lost from rain gauges under these
conditions. Fortunately, the area of hurricane force winds in this study represented a small
proportion of the total rain area and only a few of the storms studied reached this intensity.

Counteracting the deficiency in the catch of rain gauges at coastal stations is the
addition of sea water whipped up by hurricane force winds. On occasions sea water has been
found many miles inland (Dunn and Millér, 1964) and in water tanks as high as 150 ft above sea
level (Bath, 1957). No attempt has been made in this study to correct for such overestimation
of rain gauge catch, which usually affects only very small areas on a2 narrow coastal strip.
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3. RAINFALL ASSOCIATED WITH CYCLONES OVER THE CORAL SEA

The earlier conception of convective clouds being widespread in mature tropical
cyclones has been corrected by radar and aircraft reconnaissance over the last few years,
chiefly in the American region, It is understandable, therefore, that theoretical models based
on convectional instability have proved inadequate to explain the formation of disturbances on
the scale of a tropical cyclone,

The small cloud-water content measured by Ackerman (1963) and the restricted
areas of marked upward motion as found by reconnaissance aircraft in individual storms,
such as described by La Seur and Hawkins (1963), Riehl and Malkus (1958), as well as the
general stratiform appearance of the main rain shield as assessed by radar (Otani, 1964), all
point to the low areal density of convective cloud in mature tropical cyclones.

In an attempt to confirm that this pattern is applicable to tropical cyclones over the
Coral Sea, rainfall data at Willis Island were studied with respect to cyclone passages in the
40 year period 1926 to 1965, As the Island is a small coral cay, 10 acres in area with a
maximum elevation of 28 feet, it was considered that topographical influences would be
negligible and rainfall records would be representative of precipitation over the open sea.

Limited pluviograph data were available but such records showed marked irregularity
in rainfall rates, with short periods of high intensity superimposed on general light rain.
Fig. 2 shows typical mass curves of rainfall durlng eastward moving cyclones which passed
within close proximity of the Island.

A study of the 24-hour rain gauge readings over the 40 year period shows that of the
258 cyclone days examined, 49 had totals in excess of two inches. With the liberal definition
of a cyclone day as one on which a centre was located within 300 miles of Willis Island, a
comparison of cyclonic and non-cyclonic rainfall showed that cyclones accounted for only 49 of
the 187 days of heavier rainfall (in excess of two inches). An analysis of the number of
occasions of cyclonic and non-cyclonic rainfall is shown in Table 1. -

Table 1. Analysis of Cyclonic and Non-cyclonic Rainfall - Willis Island, 1926-65

Number of Occasions
Range of -
24 hr Rainfall Cyclonic Rainfall Non-cyclonic Rainfall . Total
(inches) {Centre within (No centre within
300 mi. of Willis Is.) 300 mi. of Willis Is.)
<2 . 209 Not extracted . v -
2 - 3 27 : - 68 95
3- 4 11 41 52
4 - 5 3 10 13
5- 6 4 10 14
6 - 7 2 3 5
7- 8 1 1 2
8- 9 1 2 3
9 - 10 .0 2 2
10 - 11 0 0 0
11 - 12 0 0 0
12 -13 0 1 1
Total (»2 ins) 49 138 187
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Fig.A3 Willis Is. 24hr rainfalls (in inches) associated with
~ westward-moving (W to SW) tropical cyclones in
- thé period 1926-1965. Envelope of one inch totals shown.
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Such data demonstrate that tropical cyclones by no means constitute the most
important rain-producing mechanism at Willis Island, even though a large number (258) of
cyclone days was recorded during the period examined., Light rain, indicative of stratiform
cloud, was the rule although the cyclone centres reached hurricane intensity and passed almost
over Willis Island on many occasions. The fact that the mean of the heaviest 24-hour rainfalls
associated with each cyclone was only 2. 61 inches indicates that high rates of intensity could
not have been protracted,

The 24-hour rainfall registrations at Willis Island were plotted on polar co-ordinate
diagrams, placing the cyclone position at the centre of the diagram and using concomitant data
with respect to the speed and track of the cyclone. Each point was located thus:

(i) The distance was taken as that for the 1100 GMT position of the cyclone
centre from Willis Island (mid-point of 24 hours).

(ii) The bearing of Willis Island from the cyclone centre was taken relative
to the direction of cyclone travel as indicated by successive 2300 GMT
positions.

In the study of the tracks, two major types emerged, Firstly, the storms which
formed well to the east of Willis Island and drifting slowly westward passed near the island
before or during curvature to higher latitudes. The second type moved with a large eastward
component, frequently forming over the Gulf of Carpentaria and crossing Cape York Peninsula
before regenerating over the northwest Coral Sea. In general, this type was found early and
late in the cyclone season. Their speeds of movement were usually higher than those of the
westward moving storms.

N

The areal analysis'Was therefore cofnpleted in two sections:

(i)” .For storms moving towards the west, with directions between W and SW,
the data are plotted in Fig. 3. The 1nd1v1dual d1rect1ons of cyclone
movement were plotted as a fixed bearing of 270°

o Rfii) _ Similarly, rainfalls associated with eastward movmg storms (E to SE)
""" are shown in F1% 4 and the direction of cyclone movement indicated as
a bearmg of 090 N

The one-inch isohyet enveloped all the ‘heavier 24-hour totals but there was consider-
able variation of rainfall amount within this envelope, mostly due to variations in the speed of
cyclone movement. The highest 24-hour registrations, 8.31, 7.20, 6.73 and 6.57 inches,
were all recorded in slow, westward moving storms, whereas the eastward moving storms
produced mostly lighter rainfall, An interesting case is the tropical cyclone of March 1961
which passed about 60 miles south of Willis Island and yet produced only 0,08 inches in
24 hours and 0. 12 inches in 48 hours.

The pattern obtained as above represents the areal distribution of rainfall at
Willis Island during the passage of the average cyclone. For each type the asymmetry of the
distribution was most pronounced, with the greater areal extent in the left front quadrant of
westward moving storms and in both front quadrants for eastward moving storms. It is
suggested that the smaller area of heavy rainfall associated with the latter type is due to the
earlier stage of maturity than the westward-moving storms and the fact that a number had
suffered some reduction in moisture supply in crossing Cape York Peninsula,

Such asymmetrical distributions of the rain shield are supported by northern hemis-
phere analyses, e.g. Miller (1958, 1964), U.S, Weather Bureau (1959), and found in most
radar and satellite photographs. On the other hand, arguments have been put forward
(Ramage (1953), Hughes (1953)) that the concentratmn of rainfall in the forward quadrants is
due to the storm's location with respect to coastal areas; but the evidence obtained from the
Willis Island data indicates that this type of distribution is found also over the, open sea,







