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. INVESTIGATION OF EERIODICITIES IN RAINFALL IN THE

AUSTRALIAN REGION

_ by G.O0'Mahony
Central Office, Bureau of Meteorology, Melbourne

(Manuseript received April 1961)

Abstract: An investigation is made of the correlograms and
smoothed spectral curves of series of monthly and ammual pre—
cipitation data from stations in different rainfall regimes
of the Australian region.

The objects of the study are, in the first place,
%o ascertain whether significant trends or discontinuities
are present within any or all of the series. Then, where
the data are shown to be stationary, an investigation is made
to determine whether significant periodicities exist. The
defining of "practical significance" as the level of signi-
ficance at which a relationship has real value as a predictor
in a regression equation results in the rejection of some
relationships which are significant only in the statistical
sense.

Throughout the paper seasonal effects have been
eliminated by considering series of annual rainfall and also
series made up of rainfall totals of particular months, e.g.
one series for a station is composed of 82 terms and each
term is the total of the June rainfall, the record extending
over 82 consecutive years.

Results show that not all the series are station-
ary and that the non-stationarity has the form of a relative-
ly sharp discontinuity. TFor most of the series which are
stationary the processes do not show a marked departure from
random nature. The principal exception is provided by
autumn and winter rainfall at Hobart where a peri¢dicity
appears and which is still apparent between monthly series
after the speciral curves have been subjected to smoothing.



1. INTRODUCTION

The terms "climatic fluctuation" and also "secular variation"
as applied to meteorological elements embrace all types of changes with
time. = They include periodicities, both short and long term, and also
gradual trends and suddenly occurring changes, the last named having
the characteristics of discontinuities.

" Trends and periodicities are grouped together because, when
dealing with a relatively small sample, such as one represented by a
set of meteorological data from a particular station, we can never be
cértain that an apparent trend is not in fact a small segment from a
Yong wave periodicity. This is a limitation which is inherent in small
samples of time series, and in dealing with meteorological series a
record of observations extending over a period as long as one hundred
Jears is obviously a wery small sample when related to a geological
period.

" In the study which follows the investigation of climatic
fluctuation is directed particularly to relatively short term
periodic variations in monthly and seasonal rainfalls and the basic
methods used are those of analyses of the relevant correlograms and
spectra,

Kendall (1946) develops the theory of the correlogram and
periodogram and sets out the difficulties of interpretation contained
in analyses of these forms. At the same time he recommends the
application of the theory to meteorological series as he considers
this type of data would be most suitable for such an investigation.

2, THE PRECIPITATION OBSERVATION NETWORK IN AUSTRALIA

The network of precipitation gauges in Australia includes
more than 5,000 instruments read daily at 9 a.m., together with a
limited number of recording gauges.

Many of the records extend unbroken for well over 50 years.
It is unfortunate but natural that the degres of homogeneity.of the
récords varies considerably, as it is extremely difficult to maintain
constancy of location and uniformity of exposure of gauges for such
periods. Also, because of the extreme isolation of many of the
observing stations it is not always possible to estimate even approxi-
mately the extent of this lack of homogeneity, and this subjectivity
is a major problem in planning such an investigation of climatic
fluctuation.



With the object of achieving a relatively high, together with
a known degree of homogeneity, as well as securing long records from
within different rainfall regimes in the Australian region, the stations
selected for this sirvey were the capital cities of the six States and
also Alice Springs and Darwin. Table I shows a list of the stations
together with their gedgraphic locations, the total length of the
contimious rainfall record available, and for comparison of the differ-
ent rainfall regimes, the monthly and annual rainfall averages for the
common 30 year period 1911-1940.

A survey of the history of these rain gauges brings out the
following points:

Perth ~ The rain gauge was installed in the grounds of ths
Surveyor-General's Department and since 1908 it has
been located in the Observatory grounds, approximately
two miles from the first site.

Adelaide - The rain gauge was moved several times prior to 1860.
Then from 1860 ‘to 1940 its location was fixed and the
exposure kept reasonably uniform. Another move was
necessary in 1940 but this was only to a site 50 yards
from the previous position and again the exposure
remained reasonably unchanged.

+ Prior to 1908 thé rain gauge was at the astronomical
observatory and since that year it has been in the
Royal Society grounds about one mile from the former
site.

Melbourne

Hobart - Prior to 1882 the rain gauge was located first on the
Domain near Govermment House and then at a private
address. Since 1882 the location has remained
unchanged with reasonably constant exposure.

Sydney - The site of the rain gauge has remained unchanged
throughout the period of recoxrd except for one move
of about 100 yards which occurred in 1917. The
exposure has been reasonably constant°

Brisbane -~ The rain gauge has remained in its original location
for the whole period of record and the exposure has
been reasonably constant.

Darwin - The rain readings have been taken by the post office
" staff. During the period of record there have been
several changes in exposure;, the effeets of which
cannot be estimated accurately.
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Alice Springs - Due to building development over the period of record
the exposure of the rain gauge has changed, and as in
the case of Darwin, it is not possible to determine
quantitatively the effect of the change.

_ Because of the location of these last two stations, data from
them were used in the study though it was realised that due to the
varying exposure, results from them would need to be treated with
caution.

3. THE STATIONARITY OF THE TIME SERIES

The Pirst and obvious step in thé investigation of climatic
change is to determine whether there is any trend present in the
series being studied, or in more general terms, to decide whether the
series are stationary.

By a stationary series is meant one such that the distribu-

tion function for the times
tl’ t2’ LK I IR BN BY AN J tn

depends only on the interval tm - tn and not on the absolute value

of the t. Processes which exhibit these characteristics with

respect to their mean and variance are said to be stationary to the
second order. Bartlett (1956) points out that since, in the case of
a normal distribution, the first two moments describe the distribution
completely, so a normal process which is stationary to the second -
order must be completely stationary. This means that the graph of
the data with time is not affected significantly by translation along
the t-axis.

The distribution of daily rainfalls are markedly skew, but
as the period is lengthened the distribution tends to normality.
Generally, annual rainfalls are not significantly different from
normal and rainfall totals from individual months are tending to nor-
mality. :

There are several methods for testing for the stationarity
' of time series. Radok (1948) has invoked the central limit theorem
and drawn conitrol charts showing the limits within which sample means
would most probably lie if serial correlation were not present.

In this study the method used is to construct orthogonal
polynomials of the third degree with time and then to examine the
significance of the indjvidual coefficients. The basic equation is
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where Al, A2, A3 are the relevant constants and uling Tchebychev poly-
nomials gives ’
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Here + is the time in years measured from a datum year.

The tests were carried out on each of the sets of annual data,
and the results examined by means of analysis of variance techniques.

Non significant results were obtained for all stations except
Brisbane, but the F test applied to the linear regression term for
that series showed a value significant at the 5 per cent level, and the
same test applied to the gquadratic term gave a value significant at the
10 per cent level.

As a sample of the results of a stationary series, Table II
_ shows the analysis of variance data for the amnual rainfall at Adelaide.

TdbleII. Analysis of variance data for
: annual rainfall at Adelaide '
i

Source d.f. Sum of Squarés Mean Square ' F
Linear Regression 1 : 24826 S 24820 - ; 0.14
Quadratic T 28905 | 28905 0,17
Cubic R 71404 71404 0.42
"Error® Cous 1977932 171994 —

Total 118 : 19904501 — -



As a contrast, Table III shows the analysis of variance table
for the Brisbane data.

Table III. Analysis of variance data for
annual rainfall at Brisbane

Source d.f. Sum of Squares Mean Square . F

Linear 1 " 10064590 10064590 5.14%
Regress;l.qn ' __ . '
Quadratic 1 R 6704070 | 3704010 3.42
Cubic ' 1 2283410 - 2283410 1.17
"Error" 94 184160270 - 1959152 -
Total 97 203212340 = - —

*

The F value of 5 14 is significant at the 5 per cent level.

Some discussion of this section of the results has already
been published (O'Mahony(1960)). Briefly, the apparent anomaly in the
Brisbane rainfall record has been noted by other investigators.
Radok (1948) mentions it and comménts that Loewe has noted a similar
pattern at other Queensland stations.

The history of the rain gauge at Brisbane has been recorded
in detail. As outlined in Section 2 above, the location of this
gauge has never been changed, and the exposure of the instrument has
been reasonably constant.

' As a further check on the reliability of the Brisbane record,
anmual rainfall data for Ipswigh were tested in the same way. This
statioh is situated at lat. 27 38'S, long. 152 44'E.  Ipswich was
selected because it is in the same general rainfall regime as Brisbane
and its records extend over a period of 88 years. =~ TableIV shows the
relevant analysis of variance table.’ The linear term is just beyond
the 10 per cent significance level, that limit being at 2.77, while the
quadratic term is significant at the 1 per cent level.

A study of the graphs of annual rainfall plotted against time
for both Brisbane and Ipswich shows that in each record there is a
remarkably sharp reduction in the mean value during the decade 1891 to
1900. The graphs are shown on a common time scale in Figure 1 and the
cha.nge is apparent. . .



Table IV. Analysis of variance data for ammal
’ ~rainfall at Ipswich

Source, ‘d.f.  Sumof Squares  Mean Square F
Linear Regression 1 2825226 ] 2829226 2064
Quadratic 1 12444880 12444880  11.63%*
Cubic 1 230210 230210 0.21
"Error® 84 89853540 1o§§685 —
Total ‘ 87 105357850 — -

** The F wvalus of 11.63 is s:Lglifica.nt at the
1 per cent Level .

. . Bainfall series of some other \Quemsland 'stations have %een 2y
exanﬂ.ned.-a.nd show: the. same: effect in’ varying degraes.

Apart from the Brisbane record, the effect has been noted
and commented on by several authors.  Schumann and Thompson (1934)
remark on a general downward movement of rainfall averages over some
districts of South Africa, and they have found 'that this movement
commenoced about 1890. They quote from the records of one station,
Rietfontein, and show that its amnual average rainfall for the twenty
year period 1869 to 1888 was 11.37 inches, while for the period 1908
to 1927 the annual average was only 6.84 inches.

Kraus (1954) has commented on & sudden decrease in spring
and autumn rainfall averages over parts of south eastern Australia and
he places the change as occurring about 1893. 'In a second paper,
Kraus (1955) has noted the same affect in a number of widely scattered
tropical stations, and in these cases also; the changes have occurred
within the period 1893 to 1900. Kraus (1958) has published a third
paper on this subject; and in'this he tas included charts of cumulative
percental deviations from a 60 year mean of district rainfalls from
Australia, North Ameriea, India and South A.fr:lca, and also one chart
based on data of the Nile discharge at Aswan.  In each case there is a
pronounced and relatively sharp reduction in the variable just prior to
1900,

Lo



In seeking a possible explanation of this reduction in
average annual rainfall in the Australian region it becomes apparent
that there is a degree of uniformity between results from stations on
both the east and west coasts. In the above analysis inwvolving
regression coefficients the 5 per cent significance level was selected
arbitrarily. On re-examination of the analysis of variance results
it was found that at Sydney, Hobart, Melbourne and Perth either the
linear or the quadratic term was just significant at the 10 per cent
Yevel while at Darwin the linear term was just below this level. At
Alice Springs and Adelaide all coefficients fell far short of 10 per
cent significance,

After consideration of the types of meteorological situation
which bring the greater part of the rainfall to each of these stations
it is suggested that a useful lead might be given by the investigation
of possible changes in sea surface temperatures near the end of the
last century. These changes if real, could be expected to reflect
changes id-circulation rather than differences in heating effects.

In this comnection, Port Hacking (lat. 34° 05'S, long. 151°
13' E) monthly sea surface temperature data supplied by Division of
Fisheriés and Oceanography C.S.I.R.0. (1951-1959) showed a highly
significant correlation with monthly rainfalls at the nearby station
of Sydney. Using 175 monthly values; a sample correlation coefficient
of +0.23 was obtained. Writing the g p (.y_ (n-1)"% = 0.076,

the observed correlation coefficient is seen to be greater than 3 times
the standard error.

As a refinement, the seasonal effect was next eliminated by
adding the individual twelve monthly values of the sample correlation
coefficients, and relating this sum to the standard error of the sum.
Results were

12 :
2 ry = 2.799.
i=1
L
and S.E. (r}3 ) = |12 (n-1) = 0.938
12

and again the results are seen to be highly significant. Possibdble
auto correlation effects were ignored in these calculations.

From basic physical principles, any real change in rain-
fall distribution with time would ultimately be attributable to a
change in the solar radiation received at the earth's surface. If
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however, an intermediate stage is in fact a change in sea temperatures,
then presumably this change would be easier to detect for particular
sample size than would the relevant reduction in rainfall. Reliable
sea temperature data are very limited in the Australian region, but a
study of overseas records should provide an answer to this item of the
problem. Such a study is beyond the scope of this paper.

4, THE CORRELOGRAMS

The remainder of the paper, the investigation of observed
periodicities by means of correlograms and spectrum analysis, is
restricted to data which have béen shown t6 be stationary. This means
that the Brisbane series have not been included.

Seasonal effects have been eliminated from the results by
using series made up of anmual rainfall totals, and also series of
individual calendar months totals e.g. one series is composed of
individual June totals over the whole period of record. This obviates
the necessity of suppressing the twelve monthly "wave” which would pre-
dominate if the totals from all calendar months were included in the
one series.

The calculations were carried out on the U.T.E.C.0.M. digital
computer in the University of New South Wales. Eighty-column punch
cards were used as input and the ealculations were takem up to a lag of
40 terms using the formula

e N
5 = (oK) e T R B
nek k 3
(2)

where r, is the auto correlation coefficient with lag k
n is the number of g;bsemtions

Rt is rainfall at time +

The correlogram is the graph of ri{- plotted against k.






