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ABSTRACT

Harmonic analysis is used to investigate
characteristics of the rainfall regimes in
northeastern New South Wales. The use-
fulness of the technique is demonstrated for
small areas experiencing fairly marked spatial
and temporalvariations in rainfall occurrence
over short distances. An examination is made
of the relationships between the features of
rainfall climatology indicated by harmonic
analysis and terrestrial and atmospheric
circulation features which are knownor thought
to exercise controls upon rainfall occurrence
in the study area.

INTRODUCTION !

The area in northeastern New South Wales selected for this studv corresponds .
to the four rainfall districts, numbers 56, 57, 58 and 59, as designated by the
Commonwealth Bureau of Meteorology (Fig 1). These four divisions together cover
an area of approximately 22,000 mi®, including portions of the low coastal strip,
the dissected eastern scarp, the appreciably higher (in places up to 5,000 ft above
sea level) Northern Tablelands, and sections on the western slopes of the Divide.

Monthly rainfall da,ta1 for all official rainfall stations in rainfall districts
56, 57, 58 and 59 with at least thirty years of complete records up to and including
1965, were subjected to a series of harmonic analyses for periods from thirty to
ninety years. Table | shows the rainfall stations used in the analyses together with
the length of record used for each one.

Earlier studies of rainfall climatology employing harmonic analysis
techniques (Horn and Bryson, 1960; Fitzpatrick, Hart and Brookfield, 1962;
Sabbagh and Bryson, 1962; Fitzpatrick, 1964; Lettau and White, 1964; McGee and
Hastenrath, 1966; Hastenrath, 1968; McGee, 1969) have all concentrated upon
relatively large areas, while little attention has been focussed on the applicability
of harmonic analysis of rainfall over a relatively small area. This paper in part,
therefore, demonstrates the usefulness of the techniqie in small areas characterised
by fairly marked spatial and temporal variations in rainfall occurrence over short

distances.

1 All the data used in thig investigation were obtained from the
Bureau of Meteorology, Melbourne, in the form of monthly and
yearly rainfall totals on punch-cards.
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Fig. 1 The study area showing location and generalised relief, rainfall stations and districts.
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Note:

Table 1 Rainfall stations used in the analysis
o Length of
Name No. Lat. °S Long. "E record used
o ' o ! (vears)

Armidale 56002 30 30 151 36 80
Bundarra 56006 30 12 151 06 60
Crystal Hill 56007 30 00 151 12 60
Emmaville 56009 29 30 151 36 80
Glen Innes PO 56011 29 42 151 42 60
Guyra 56016 30 18 151 42 70
Inverell 56017 29 48 151 12 90
New Koreelah 56022 28 30 152 18 60
Salisbury Court 56028 30 42 151 30 70
Tenterfield 56032 29 06 152 00 90
Uralla 56034 30 36 151 30 60
Walcha 56035 31 00 151 36 80
Drake 57005 28 54 152 24 70
Jeogla 57011 30 36 152 06 50
Tabulam 57018 28 54 152 36 40
Wollomombi 57022 30 30 152 06 60
Alstonville 58000 28 48 153 24 60
Byron Bay 58007 28 36 153 36 70
Clarence Heads 58012 29 24 153 24 80 -
Condong 58013 28 12 153 30 70
Copmanhurst 58014 29 36 152 48 50
Coraki 58015 29 00 153 18 70
Grafton 58024 29 42 152 54 60
South Grafton 58025 29 42 152 54 60
Kyogle 58032 28 36 153 00 50
Lismore 58037 28 48 153 18 70 .
Maclean 58038 29 30 153 12 70
‘Mullumbimby 58040 28 36 153 30 60
Murwillumbah 58042 28 18 153 24 30
Tweed Heads 58056 28 12 153 36 70
Casino 58063 28 54 153 06 80
Bellbrook 59000 30 48 152 30 70
Bellingen 59001 30 27 152 48 60
Coffs Harbour 59010 30 18 153 06 49
Dorrigo 59013 30 21 152 43 40
Nambucca Heads 59024 30 39 153 00 40
Orara Upper 59026 30 18 153 00 50

The station numbers are those used by the Bureau of

Meteorology
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HARMONIC ANALYSIS

The technique of harmonic analysis is discussed at some length by many
authors including, for example, Horn and Bryson (1960) and Fitzpatrick (1964).
Therefore, this paper will not be concerned with detailed considerations of the
principles of harmonic analysis, and what follows is intended only to aid those
who are unfamiliar with the nature and interpretation of the technique.

Harmonic analysis provides a means by which temporal and spatial variations
of precipitation can be described objectively. It permits the relatively complex
curve of mean monthly rainfalls (adjusted so that the monthly means are for periods of
equivalent length, Ze the actual monthly means are weighted so that they are each
equivalent to periods of 30. 44 days) to be expressed mathematically as the algebraic
sum of a series of simple curves of the sine type. The monthly precipitation curve
of a rainfall station can be reproduced by adding six correctly chosen sine curves,
with frequencies from one to six; the six curves being called successively the first
harmonic (one maximum, one minimum), the second harmonic (two maxima and two
minima) . ... to the sixth harmonic {six maxima and six minima). Each of the
separate sine curves (harmonics) can be described in terms of its amplitudez, which
provides a measure of the range between the maximum and minimum points on the
curve; and in terms of its phase angle™, which fixes the position of the maximum and
minimum points along the abscissa, Ze their positions with respect to time, as the
total abscissal length is equivalent to twelve months, January to December. 4

The equation employed to provide solutions for the amplitudes‘and phase
angles of the six harmonics and to give the best least squares fit to the observed curve
is: '

= s an® . o . o .
R = R + A, sin'(30 t + q;l) + A251.n (607t + cPZ) + oo A sin (180t + q;é) R
where Rt = precipitation at time t
R = arithmetic mean of the 12 monthly means

Al’ A2 ete are amplitudes of the six harmonics in points of rainfall
d>1, 4)}2 etc are phase angles"of the six harmonics in degrees
t = time in months, t = 0 for January, t = 11 for December.

. : o . - .
In practice ¢, is a constant (* 90 ), with R being one of the twelve parameters
required to define six harmonics. ‘

2 Amplitude by 2 is the ordinate distance between maximum
and minimum points of the sine curve. Amplitude is
measured above or below the mean of the twelve monthly
means. h

3 Phase angle is the number of degrees that the normal

sine curve with its maximum at 90° is shifted to the left.

4 For the first harmonic, the total abscissal length corresponds
to\3600; for the second harmonic, while still being equivalent
to 12 months, the abscissal length contains (2 x 360)0; and so
on, so that for the sixth harmonic (6 x 360)° corresponds to the
total abscissal length of 12 months.



95

Certain harmonics, particularly the first and second, usually contribute
more to the complete description of the observed curve than others. Harmonics
which best fit the observed curve have the largest amplitudes, while those which fit
poorly have only relatively small amplitudes. The type of variation predominating
is therefore revealed by a comparison of the amplitudes of the six harmonics. Ifa
station has a rainfall curve with a strongly marked tendency towards a single annual
cycle then the sine curve of the first harmonic matches it fairly closely, having a
relatively large amplitude in comparison with the other harmonics. The second
harmonic similarly describes the tendency towards a semi-annual rainfall regime,
which is not necessarily so obvious in the observed precipitation curve. The third,
fourth, fifth and sixth harmonics describe the tendencies towards 4-monthly,
3-monthly, 2.4-monthly and 2-monthly variations in the observed precipitation curve.

Some caution must be exercised in the interpretations placed upon the results
of harmonic analysis. Most observed precipitation curves are sufficiently complicated
to require use of all six harmonics for a complete description. The occurrence of
a second or third harmonic with a relatively large amplitude does not necessarily
indicate that the observed curve has two or three maxima or minima, only that this
curve cannot be completely described by the first harmonic alone. A similar argument
applies to any of the other higher harmonics, bearing in mind that it is extremely unlikely
that the observed curve can be fully described by any single harmonic, and that the
summation of values of all six harmonics at any point is necessary to find the actual rain-
fall at that particular time.

Amplitude charts (Fig 2) have been constructed to show the sizes of the
particular types of seasonal variation, while the phase angle charts (Fig 3) indicate
variations in times at which maxima or minima are likely to occur. One great
advantage of harmonic analysis is that it permits consideration of each harmonic as
a factor independent of the other harmonics, so that it is the refore possible to study
particular types of variation in isolation. Maps of the different harmonics can
reveal areas over which certain tendencies are dominant, and they can also give
some idea of how far such tendencies merge into those of surrounding areas. In
other words, the charts can be used as indicators of different types of rainfall
regimes and can also give guide-lines for possible causal factors in terms of the
occurrence of atmospheric circulation features.

Further information about the relative importance of different harmonics
can be obtained from ratio charts (Fig 4), showing the ratio between the amplitudes
of the first and second harmonics. This ratio is perhaps a better guide to the
significance of these harmonics than the amplitude charts alone, as it enables areas
of similar relative importance of the first or second harmonics to be examined.
Marked variations in the values of the ratio over the study area can provide indications
of likely differences in the nature of the factors responsible for the observed
precipitation.

The percentage of the total month-to-month variation explained by a given
harmonic can be determined by forming a ratio of the square of the amplitude of
that harmonic to the sum of the squares of all six harmonics. Similarly the percentage
of the total month-to-month variation explained by the first ‘and secénd (or any
combination of) harmonics combined, is given by the ratio of the sum of the square
of those harmonics to the sum of the squares of all six harmonics. Most of the
variation at most of the stations is found to be accounted for by the first two harmonics.
In other cases, where the higher harmonics are found to account for more of the
total month-to-month variation, it is necessary to consider localised features of the
precipitation climatology to try to explain the significance of the higher harmonics.
In particular the relatively unpredictable occurrence of thunderstorm rainfall and the
varying effects of local relief are likely to be reflected in the importance of the higher
harmonics. '
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Fig. 2(a) Amplitudes of the first harmonic :






