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MICROSEISMS ASSOCIATED WITH CYCLONES OVER

NORTH-EAST AUSTRALIAN WATERS

by B.W. Newman
Divisional Office, Bureau of Meteorology, Brisbane

and

P.S. Upton
Geology Department, University of Queensland

(Manuseript received September, 1957)

Abstract: An examination has been made of
microseisms at Brisbane in relation to four major
cyclones during 1955, 1956 and 1957 supplemented
by data from Townsville in 1957,

Theory demands that amplitude should
vary with the inverse square root of the distance.
From the data considered this requirement is not
confirmed but it is likely that the apparent
failure may be due to the uncertainty of actual
pressure intensity and precise location of the
cyclones. A fair relation is obtained between
amplitude of microseisms (A), distance (D) and
central pressure (P) of the cyclone in the forms:

Log AD! = C - KP
where n, C and K are constants.

It is shown that amplitudes may be
affected by the depth of the ocean over which the
cyclone is moving. Limited data were available
for comparing the ratios of amplitudes from the two
stations Townsville and Brisbane especially as
development in intensity of, the February 1957
cyclone occurred during the period when it was over
shallow water. As a criterion of shallow and deep
water the 1,000 fathom depth contour was used.
There is also a suggestion that the Townsville
amplitudes are relatively high.

The four cyelones did not give sufficient
data to separate the conditions of ¢yclone development
from progress of the mature storm.
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1. INTRODUCTION

Records of microseisms during periods of cyclonic activity
have been made available from Brisbane since 1955 and from Townsville
since 1957. -The instruments used for measuring microseisms are long -
period photographic Sprengnether Seismometers controlled by the
Geology Department, University of Queensland. They are installed at
the St. Lucia University Building and at Townsville Meteorological
Office.

In dissection-of the records the units of measurement are
as followss :

frequency - number of vibrations with amplitudes
. above 2,0 millimeters over a period
of twenty minutes, :

amplitude - average amplitude in mllllmeters over
a per1od of twenty minutes,
v Since the instruments have been functioning there have been
only -a few major cyclones and some restricted storms, the latter
causing only short outbursts of microseism activity. '

An attempt to assess all cyclones eollectlvely has been
unsatlsfactory° In order therefore to obtain some rational result
a closer study has been made of the four major cyclones as listed
hereunder.

1 March to 9 March, 1955

23 March to 6 April, 1955 -

23 February to 6 March, 1956

4 February to 19 February, 1957. -

The tracks of these storms aré shown in Fig. 1.

— The rather short term results from the smaller’éyélones did
not fit very well into the general pattern of the major storms but for
interest some plots are shown in Fig. 3b,

‘2.- DATA USED

For the period of the February 1957 cyclone, amplitudes
were calculated at six hourly periods on most days, From these a
daily mean was calculated and used in the general discussion. When
comparing the ratio of the Townsville and Brisbane amplitudes however
the synchronous observations for 0600 GMT were also compared. For
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Fig 1. Tracks of four major cyclones 1955
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the cyclone of February/March 1956 data were determined mainly from
0500 and 2300 GMT records.

For the cyclones of 1955 data for 1200 GMT were taken from
Upton's paper (1956).

Although the general background vibrations reach up to 3.0
millimeters in cases where amplitudes between 2 and 3 millimeters were
seen to be clearly associated with a cyclone they have been used in the
investigation. .

3.  DISCUSSION
(1) Amplitude and distance

Fundamentally the variation of amplitude with distance of the
energising storm is expected to vary inversely as the square root of
the distance., Observations for the four cyclones examined however
shows that the index is rather of the order of 0,6 than 0.5. This may
be due to the fact that both pressure values and distances were at
times undertain. There is a tendency to maintain specific values
of the central pressure of a cyclone when it is at sea, e.g. pressures
of 960, 970, 980 millibars tend to be in the ascendancy.

On the other hand the pressure values of the four cyclones
were fairly well distributed. The mean of all pressure observations
was 979 millibars equal to the mean of the total pressure range 953 to
1006 millibars, while each quartile contained practically 25 per cent
of the observations.

There is strong evidence of a change in pattern when the
cyclone is located in different regions particularly over varying
ocean depth. Increased amplitude due to development may also be
confused with variation due to distance. For the purpose of this
analysis deep water has been taken at ocean depth greater than 1,000
fathoms. This contour shown in Fig. 1 is to the east of Willis Island
in the north-west Coral Sea but reaches close to the coast in southern
Queensland and New South Wales.

The change in amplitude pattern is strikingly shown in the
cyclone of February 1957 of which there were three notable aspects:

(a) The cyclone developed intensity over the north-west
Coral Sea over shallow water,

(b) After reaching its most intense stage the cyclone
continued along a meandering path over shallow water.
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(c) Finally the cyclone moved out over deep water and
proceeded apparently at regular speed and with
consistent direction,

Intensificatlon also apparently occurred with the February/
March 1956 cyclone when over shallow water.

In these cases the difference in pattern seems due to
development rather than to depth of water. During the period when
the eyclone was developing and positioned over shallow water the
amplitude at Townsville increased with distance, As this is so
obviously contrary to theory the increased amplitudesmay have been
entirely due to development. Apart from this period however there
is still some evidence of a change in magnitude of the amplitude for
cyclone locations over water greater and less than 1,000 fathoms.
In the various graphs for all cyclones locations within and beyond
this contour are distinctly plotted and the change in parameter of
the amplitudes is fairly ev1dento

The various graphs of Fig, 2 show, for the individual
cyclones, amplitude plotted ageinst distance. Figs. 2a and 2b show
the marked difference in amplitude pattern during the development
over shallow water and maturity over deep water,

In Figs. 3a to 3d amplitude has been plotted against
distance in pressure groups. This assists to indicate a definite
relation between amplitude and distance by elimihating the effect”of
pressure but it will be seen that the slope of index "n" of amplitude
distance is still above 0.5. As there were only two values of
,pressure above 995 millibars in the major cyclones, data f rom some
smaller cyclones have been used for Fig. 3b.

(2) Amplitude and pressure

In addition to vérlatlon with distance the amplitude is
expected to vary with intensity of the cyclone and the central
pressure of the storm has been used as a measure of this intensity.
The general equation is therefore expected to be of the form
A = EK(D%%) or ADR = f£(P)., On the assumption that n = 0.5,
Upton®s (1956) method has been followed to equate at? to P.
Equating log AD® to P gives a linear relation., Fig. 4 shows the

plot of log ADE against pressure for positions within and beyond the
1,000 fathom contour,
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The data beyond 1,000 fathoms gives a better agreement, and
an empirical relation has been derived from the data in the form

Log ADR C - KP or in this particular case

Log ADF = 11.529 - 0.00978 P.
The distribution is still rather scattered but may be
improved with further observations. '

The standard deviation for pressure is 7.8 millibars with
68 per cent occurring within this range, while for distance, the
standard deviation is 262 miles, which includes 71 per cent of cases.
The mean errors are 6 millibars and 176 miles respectively.,
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(3) Amplitude ratios

The instrument at Townsville was in operation regularly from
January 1957. During the absence of cyclone activity particularly
during March the ratio of the amplitudes at Townsville and Brisbane was
practically unity suggesting that the two instruments are uniform.
This is not borne out however during cyelonic activity. For the
cyclone of February 1957 the amplitude ratios are plotted in Fig. 5.

- Fig. 5a shows ratios against the inverse square root of
distance ratios on the assumption that-4j- Di& -=- A2 Dé% Figso 5b,

c and d show ratios against cyclone ‘distances from Brisbane and
Townsville and for interest direct distance from the coast, As in
other figures positions of the cyclone within and beyond the 1,000

' fathom depth are plotted separately.

B It will be seen that the pattern is markedly different in the
two areas. In the case of Townsville the difference is quite striking
but it is considered that such a marked change reflects the conditions
under intensity development and maturity rather than ocean depth.

Observations were too few however to draw any precise
conclusions as to change of amplitude ratio with locality of the
cyelone. It does appear, however, that the Townsville amplitudes
were too high during the period of the cyclone. On February 13 the
cyclone was equidistant from Townsville and Brisbane but the amplitudes
were respectively 7.7 and 5,0 millimeters (Fig. 6). The ratio did not
reach unity until the cyclone was distant from Townsville about 2.5
times that from Brisbane., Donn (1951) has suggested that amplitudes
change magnitude when passing over the continental shelf. In the
case of the 1957 cyclone the development period confuses this aspect
but the Townsville amplitudes continued relatively high when the
cyclone was well over deep water.

It was found, however, in Indian investigations (1957) that
amplitudes were excessive from an instrument located in an alluvial
foundation as at Calcutta. To some extent it is understood that this
is the condition at Townsville. '

4o  CONCLUSION

From the results of four major cyclones considered
evidence favours continued interest in this subject. The variation
of amplitude with pressure intensity is clearly shown and a semi-
logarithmic function fits the data reasonably well.






