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Daily rainfall linkages based on the strength of product-moment correlation
coefficients are used to indicate general rainfall areas around the Great Dividing Range
in New South Wales. The considerable seasonal change in the scale of rainfall
occurrence associated with times of increased incidence of disturbances associated
with the westerlies in the cooler half of the year and with tropical easterlies in late
summer is indicated, particularly for April and May, and February respectively.
Outside these times however, topographic factors emerge as important controls on
the distribution of daily rainfalls. The Great Dividing Range itself is an important
climatic divide in the cooler part of the year but in the summer the Hunter Valley
is seen to form the centre of an important rainfall area, although this feature becomes
masked in February by the higher incidence of more general rainfall in that month.
Further subdivisions show that combinations of certain official forecasting areas

provide logical rainfall units.

Introduction

Rainfall in Australia is induced either by the presence
of larger-scale disturbances within the two major
wind regimes (the tropical easterlies and the
temperate westerlies), or it develops locally in the
form of thunderstorms and showers. Further, the
occurrence of all rainfall is very much affected by
topographic and other local factors, such as sea-
breeze phenomena. Location in the continent with
respect to the major wind regimes and the season
determines which wind system dominates, the extent
to which local factors are able to govern rainfall
occurrence, and the impact they have on the resulting
scale and distribution of rainfall. Over much of the
continent relatively low relief dictates that weather
systems are comparatively unaffected by local
topographic factors, but where considerable relief
is present, such as along the Great Dividing Range
and near the tablelands of New South Wales and
Queensland, there can be considerable modification.
Patterns of rainfall on the ground may be very much
affected by topography. Resulting orographic effects
and localised convection either induce rainfall while
surrounding areas remain dry, or enhance pre-
existing rainfall to produce more intense cells within
a more general rain area.

The detail of spatial rainfall distributions is best
investigated using dense networks of pluviographs.
Where such networks do not exist, some idea of the
spatial character of rainfall may be obtained by
looking at daily rainfalls. Localised rain-inducing
factors may produce consistently uneven rainfall
distributions. Rainfall associated with larger-scale
atmospheric mechanisms will yield a wider
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distribution of rainfall but local factors may still be
evident. Research is being carried out by the author
into the character of rainfall episodes over eastern
Australia (eastern New South Wales and
southeastern Queensland). This work involves the
detailed mapping of daily rainfall areas over a wide
area, and as a part of the initial stages of this research
an analysis of inter-gauge daily rainfall correlations
has been carried out for a sample of sites in eastern
New South Wales.

The role of the Great Dividing Range as a
topographic and climatic barrier and the character
of the climate on the intervening tablelands has
tended to dominate previous work on the nature and
occurrence of rainfall in this part of New South
Wales. Hobbs (1971), using monthly data, has
illustrated the influence, on rainfall amount and
distribution, of location with respect to the scarp and,
distance from the coast in a part of the current study
area. The importance of the Great Dividing Range,
a relatively short distance inland from the coast, and
the barrier it presents to winds blowing across it from
east or west, is demonstrated in the higher incidence
of rainfall on its coastal flank when winds are
easterly and on the western flanks during westerly
winds. This has been very clearly shown by
Thompson (1973).

Pittock (1971, 1977) has highlighted the
importance of topography in the association between
monthly and annual rainfall and the mean
atmospheric circulation. Rainfall in New South
Wales is highly variable within and between seasons,
and from year to year. Broadly though, rainfall is
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Fig. 1 Location of rain gauge sites in relation to (a) topography of the study area and (b) Australian rainfall districts.
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related to two particular atmospheric features. First,
for much of eastern and northern New South Wales,
there is a strong positive correlation between the
amount of annual rainfall and the mean latitudinal
position of the surface high pressure belt (Pittock
1971, 1975, 1977). A southerly position implies not
only that anticyclonic subsidence is reduced in
northern areas, but also that moist tropical easterlies
have a higher frequency and are able to deposit
rainfall along the coast to the east of the Great
Dividing Range. Secondly, Pittock (1975) showed
that annual rainfall is also closely correlated with the
magnitude of the Southern Oscillation Index (Troup
1965). A pronounced positive Southern Oscillation
Index implies a marked surface flow from the north
over northern and eastern Australia. For the
northeast of New South Wales, Hobbs (1972) has
established further the importance of its strength to
the annual rainfall regime.

This paper extends earlier work on the nature and
seasonality of rainfall in a part of eastern Australia,
and in particular illustrates the characteristics of daily
rainfall distributions in New South Wales with
respect to the major relief barrier of the Great
Dividing Range. The work represents a preliminary
look at daily rainfall distributions in the area over
a 25-year period (1954 to 1978). The study area
extends over a part of the Great Dividing Range
between the Queensland border and Nowra, using
data from 24 sites (see Fig. 1 for gauge locations in
relation to (a) topography of the study area and (b)
Australian rainfall districts). In the selection of sites

a major priority was attached to obtaining, as far

as possible, an even spread of locations over the area.

The separation of the gauges used has therefore been
dictated by the relative paucity of gauge sites in the
far west which possessed data of sufficient quality
and consistency throughout the study period. This
has meant that sites are on average about 100
kilometres from their nearest neighbour.

Method

The general nature of the spatial organisation of
rainfall may be investigated in a number of ways.
At the most detailed level, specific distributions
associated with individual rainfall events may be
investigated for as many cases as possible. There are
clear logistical limits to the extent to which this form
of analysis may be taken. At a more general level,
the organisation of rainfall into statistically defined
areas is frequently carried out using areas based on
the degree of correlation between gauge sites in a
larger, pre-determined area (linkage analysis). This
has been the approach adopted by many workers in
the field, but generally with the intention of
delimiting rainfall areas using monthly figures rather
than for shorter periods (e.g. Anderson 1970, for the
pastoral zone of eastern Australia). Work
concentrating on shorter periods is limited by the
generally increasing skewness of the data involved.
Cornish et al. (1961), for example, used six-day
periods in southern Australia. In dry areas, such as
a large part of Australia, the dominance of

_ completely dry days ensures that positive skew is

extreme and may also create spuriously high ievels
of correlation over wide areas. Even after
normalisation, the data used by Cornish et al. (1961)
still yielded higher correlations during the very dry
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Fig. 2 Monthly correlation coefficient links for daily rainfall.

JANUARY

AUGUST

NOVEMBER

r>0.7
0.6<r<0.7

0.5<r<0.6
04<r<05




124

Australian Meteorological Magazine 31:2 June 1983

summer months for this very reason, as recognised
by them at the time. In part this problem may be
overcome by calculating coefficients using data only
for pairs of sites where rain has occurred at either
or both.

The exclusion of all cases when no rainfall has
occurred at either of two sites will also, however,
generally decrease the level of positive correlation
between them. The remaining combinations which
are included, those of rain at both sites (but of
varying magnitude), and of rain/no rain and no
rain/rain, will yield correlation coefficients which

indicate the level of association only for occasions .

on which rain actually occurs. This is a useful
approach in dry areas where the general concern is
with the generating factors which control the
occurrence or non-occurrence of rainfall, and its
distribution. Although the correlations presented in
this paper are not, as a result, true daily rainfall
correlations, the treatment of daily rainfalls within
each of the twelve calendar months using the same
assumptions and conditions yields a consistent set
of correlation linkages whose monthly variation may
be studied. Further refinement of the conclusions
yielded by this study will involve the use of detailed
case studies and a greater density of gauge locations.
These tasks await future studies.

A consequence of the exclusion of dry/dry
combinations is of course that data populations used
in the calculation of correlation coefficients are
functions of the number of days with rainfall and
will vary considerably over an area of the size used
in this study. The use of varying data populations
has the consequence that no consistent levels of
statistical significance may be assigned to

coefficients. In addition, data are still skewed, so that

the assignment of levels of significance to

correlations is in any case inappropriate. This in turn -

-has consequences for the use of linkage analysis in
defining rainfall areas. Earlier spatial analyses using
correlation coefficients have been confined to the
monthly or annual level (e.g. Jackson 1972), when

populations are less skewed. The technique adopted .

in this paper makes no assumptions as to statistical
significance and is used only to demonstrate monthly
changes in associations between sites. The use of
daily data for a 25-year period means that
populations are’ consistently large even though a
majority of days, the dry ones, are excluded from
the analysis. In no case have correlation coefficients
used in this study arisen from data populations (n)
of less than 60. The minimum tolerated level of
correlation (r) which is assumed to indicate a
reasonable degree of association between sites is r
2 0.4 orr < -0.4. This implies a level of statistical
explanation (of one site’s rainfall in terms of that
of its partner) of only 16 per cent, and is also close
to the 5 per cent rejection level of statistical
significance for a normally distributed data sample
of n = 60 (r = 0.4140). The maps in Fig. 2 show

linkages at this level and at the r=0.5 (25%
explanation), r=0.6 (36%) and r = 0.7 (49%) levels.
The results show the month-to-month variation in
daily rainfall associations in a way which is both
analytically useful and cartographically clear. The
location of a relatively large number of linkages in
one area as opposed to another, and the absence or
scarcity of links between different areas assists in the
visual subdivision of daily rainfall zones. However,
because the only data available for analysis were

~ from within the chosen study area, links across the

study area boundaries cannot be shown. The absence
of such links does not indicate the absence of
associations, and ‘edge effects’ must be noted in the
interpretation of the maps in Fig. 2. The number of
links, their strength in terms of the modulus value
of the correlation coefficient and the presence of
breaks, particularly at r < 0.4, are used to indicate
preferred areas of daily rainfall occurrence, from
which dominant influences on the nature of the
rainfall in a given month may be inferred. Strong
links (with high coefficients) over the whole study
area indicate a tendency to more widespread daily
rainfall. Non-existent or weak and scattered links
indicate a ‘spottiness’ of daily rainfall possibly
associated with the dominance of local factors.

Correlation links over the Great
Dividing Range

There is a considerable monthly variation in links
across and around the Great Dividing Range (Fig.

2). Linkages are very scattered and confined to

clearly separated areas in November, so that those
which do exist are confined to the northeast, the
upper Hunter and parts of the Northwest Slopes, and
to the Metropolitan-Illawarra and Central Western
Slopes districts across a part of the Central
Tablelands. This pattern is developed further in
December when daily rainfall becomes better
organised in the southeast, and from there along the
coast northwards to Wauchope to include part of the
Northern Tablelands. This area also includes the
Hunter Valley. Linkages from the Hunter district
(particularly Muswellbrook) become more extensive
still during January and February, indicating for this
area that daily rainfall becomes better organised with
a progressively wider distribution as the summer
progresses. In November and December rainfall is
of a relatively localised character, but by January
the upper Hunter, represented by Muswellbrook, is -
the centre of a wider zone extending across the Great
Dividing Range and over the southwest of the study
area. It should be noted however, that a majority
of links lie in the range 0.4 < r < 0.5. The far
northeast at this time also possesses a higher degree
of organisation with more, and generally stronger,
links than previously. There are no links at r > 0.3
between the two areas. Such links only become
established during February, and mostly at r < 0.5,
before the pattern changes again in March.
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More general rain areas characterise the month of
February. At this time a general area of stronger links
extends across the Great Dividing Range in the north
of the area and then southwards along the Central
" Slopes and Plains, and into the upper Hunter. Only
southeastern parts, along the coast, remain largely
unlinked to this general area.

By March a different pattern has emerged which
persists to a greater or lesser extent until October.

In many of these months there are relatively few links
across the Great Dividing Range (particularly at r

> 0.5) indicating that daily rainfall less commonly -

affects both flanks simultaneously. In April and May
the total number of links at r > 0.4 increases
progressively, so that by May a large number exist
over much of the area, but are again more tenuous
across the Great Dividing Range itself. In both these
months but particularly in May, the strongest links
are along the flanks of, and parallel to, the Great
Dividing Range and the coast. The Northern
Tablelands tend to be linked most strongly to the
Upper North Coast, but linkages across the Great
Dividing Range and from it to the west and east are
generally only at the 0.5 > r > 0.4 level.

This lack of association across the Great Dividing
Range and on to the Western Slopes and Plains is
maintained in June, July and August, but the very
numerous and stronger links of May are now
retained only in certain areas: the Upper North Coast
and Northern Tablelands, Metropolitan-Illawarra
and the lower Hunter, the Northwest Slopes and
Plains, and the Central Tablelands and Central
Western Slopes. This subdivision is broadly similar
throughout these three months. Remnants of this
pattern are retained in September but links over and
to the east of the Great Dividing Range are few at
this time, and the best spatial organisation at a large
scale occurs over the plains and slopes to the west
of the tablelands. Somewhat better organisation
returns in October, but this greater degree of rainfall
association again closely matches the pattern
established in August and September, with the best
organised rainfall over the Western Slopes and
Plains.

The role of the Great Dividing Range and its
tendency to restrict rainfall occurrence produces
rapid correlation distance-decay rates normal to the
trend of the coastline and the crest of the Great
Dividing Range. Similar trends were found by
Anderson (1970) for a larger part of eastern
Australia, but using monthly rainfall. Figures 3 and
4 show the spatial distribution of correlation fields
based on Muswellbrook and Coffs Harbour. Both
are situated in locations where a strong anisotropy
of correlation fields clearly shows up at certain times
of the year. The maps have been constructed using
daily rainfall data from the original 24 sites, and a
further 17 available for the same period in the
Northern Tablelands, Northwest Slopes and the
Upper North Coast and Lower North Coast districts

(Fig. 5). The strongest fields parallel the coast and
the Great Dividing Range during the April to
October period. During the hotter part of the year,
by contrast, the rate of decay of correlation values
varies relatively little with direction from either site.
Anisotropy in winter is particularly marked in May
for Coffs Harbour when correlations at r > 0.4
extend along the entire coast and embrace both the
Northern and Central Tablelands and the Hunter.
In this same month the higher correlations for
Muswellbrook extend northwards along the
Northwest Slopes, so that the two patterns are
complemenary. This is a pattern which is typical of
many of the cooler months. The marked impact
which the Great Dividing Range has on correlation
fields is illustrated by the pronounced reduction in

" correlation levels over or immediately to the west of

the Northern Tablelands (e.g. May, ‘July -and
September in Fig. 4).

Discussion ‘

The combined impact of topography and wind
direction on the organisation of daily rainfall in
eastern New South Wales is shown to be
considerable. There are two distinct times of the year
when there is a better and more widespread
organisation of daily rainfall patterns. First, the more
widespread rainfall associated with disturbances in
the tropical easterlies and with the summer inland
trough shows up well in the map of links for
February. Secondly, the return of more widespread
rainfall in the autumn and winter associated with the
increasing activity of the temperate westerlies shows
up well in the maps for the whole period April to
October, but is particularly strong in April and
May. During January, March, November and
December daily rainfall is less widespread and is
apparently organised into smaller areas. In addition,
the maps illustrate a fundamental difference in
rainfall organisation over the area between the
warmer and cooler parts of the year.

Following the breakdown of the dominance of
systems in the winter westerlies as rain-bearers, the
spatial character of daily rainfall in November and
December becomes very diffuse. Throughout the
summer months rainfall from fronts embedded in
the westerlies is significant only over the far southeast
and Tasmania. In the study area strong links in
December may be found only in the far southeastern
coastal strip. These may in part reflect the southern
position of such frontal systems in the summer, but
more probably, the impact of sea-breeze fronts on
rainfall organisation at this time. The summer
months are, globally, the times of greatest sea-breeze
development (Lyons 1977), and well-developed sea-
breeze fronts can frequently generate or enhance
thunderstorms in eastern Australia (Clarke 1960;
Armstrong and Colquhoun 1976; Morgan 1979). For
the New South Wales coast Hobbs (1971) notes that
the incidence of sea-breezes increases as the summer
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Fig. 3 Correlation fields for daily rainfall from Muswellbrook.
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