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ABSTRACT

In studying the economics of the spatial diversification of
pastoral holdings in eastern Australia, it was found
necessary to quantify the similarity between the climates of
stations separated by varying distances. This was done by
concentrating on the most important climatic element,
namely rainfall,

Simple correlations between the square roots of monthly
and yearly rainfalls for 42 stations in eastern Australia
were related to distance from various master stations through
regression analysis. It was found that correlation decreases
at a diminishing rate with distance from master station.
The rate of decrease depends on direction, being generally
most rapid in an E-W direction. s

1. "INTRODUCTION

Other things being equal, the closer two geographical points are together
the higher will be the correlation between their climates. In the pastoral zone of
eastern Australia*, the most important climatic variable is rainfall and this is the
factor which is primarily responsible for the extreme variability of production and
income in this zone. ‘

Rainfall correlation appears to be a neglected field of study in Australia,
which is surprising since it is an important aspect of the climate of most regions,
This is particularly so in the pastoral zone where the influence of drought is so
pervasive. Casual observation suggests that droughts are seldom highly localized
but, on the other hand, only rarely affect a large proportion of the pastoral zone at
the one time.

* The pastoral zone of eastern Australia is defined here as those
areas of Queensland and New South Wales which receive less
than 20 inches of rain on average. The most important industry
in the zone is wool production, ~ e
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In the present instance, attention is focussed on quantifying the nature of
correlation effects because of their potential role in contributing to the benefits of
running spatially diversified chains of sheep properties in the pastoral zone. The
situation of some establishments in a chain enjoying favourable seasons whilst others
are subject to poor or disastrous seasons and thus providing scope for stock move-
ments between establishments, is most readily studied through an analysis of
rainfall correlations. Such correlations become important-in investigating the
benefits of spatial diversification when the analytical approach adopted (Anderson,
1970) involves synthesizing random sequences of rainfall for several stations.

2. THE DATA

Two sets of data were employed in this analysis. In a pilot studylrelating
to 11 stations* in the Queensland pastoral zone, monthly and yearly rainfall data
for the 40 year period 1921-1960 were used to compute simple correlations between
pairs of stations for specified periods. At this stage no special computer program
had been written and the computations involved considerable handling of punch cards
so that only the limited number of years and stations were taken.

However, there were sufficient data to indicate the general pattern of
correlations from the interpolated isopleths. By taking each station in turn as
master station it was ascertained that the general pattern of the isopleths running
roughly from N to NW was rather persistent.

Although the rainfall distributions clearly are not normal, this was not
regarded as a cause for concern as, in the present context, the specification of the
probability distribution only becomes important when significance testing is con-
templated. However, in the light of subsequent developments, some of the
correlations were recomputed after a square-root transformation of the data, It
was ascertained that this had a slight effect of reducing most correlations while
leaving the isopleth patterns essentially unchanged. .

Having proceeded thus far, it was planned to increase the number of -
stations throughout the pastoral zone so that quantitative relationships could be
established. However, it was discovered through an address by Maher (1969) that
comprehensive rainfall correlations for 100 stations across the continent had
already been computed in connection with a study of the climatic homogeneity of
weather forecasting districts.

The Bureau of Meteorology kindly made these correlation data available
to the author. The rainfall data were the majority of those used in a study by
Gibbs and Maher (1967) of rainfall deciles as drought indicators and relate to the
65 year period 1900-1964. However, for the correlation analysis all data were
square-root transformed in an attempt to normalize the series, This was fairly
successful for the annual totals but not so for the monthly totals.

* The stations were Hughenden, Tangoran, Muttaburra, Aramac,
Longreach, Isisford, Blackall, Charleville, Cunnamulla,
Bollon and Dirranbandi.
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Correlation data were assembled for 42 recording stations in and around
the pastoral zone of eastern Australia. In a manner similar to that used in the pilot
study, isopleths were sketched by hand but this approach was soon dismissed. The
task proved very tedious (say, 4 isopleths times 12 master stations times 13 periods)
and cumbersome to report. In retrospect, the methods discussed by Maine,
Hincksman and Seaman (1967) for graphic display by computer certainly would have
reduced the tedium, but in the absence of such facilities, alternative methods were
sought to simplify the analysis.

However, the important points to emerge from the preliminary inspection
and plots were that

(a) no negative correlations were found,

(b) for correlations greater than about 0.2, the isopleths tended
to be elliptical although somewhat irregular,

(c) widely scattered stations exhibited corresponding isopleths of
broadly similar size and disposition,

(d) again, the longest axis of the isopleths tended to N to NW,

To provide a more readily comprehensible analysis of these data and
interim conclusions, a more compact and quantitative analytical procedure seemed
desirable. This was tackled firstly by concentrating on the effect of distance alone,
and secondly by examining the over-riding influence of direction on distance effects.

3. CORRELATION AND DISTANCE

Quantification of the effect of distance from master station on correlation
was regarded as an important step for numerical specification in simulation models
of spatially diversified enterprises in the pastoral zone. Inspection of isopleths
revealed that correlation decreased'at a diminishing rate with increasing distance.

Many functional forms could be used to describe such a relationship over
a restricted range of distance, but the simplest - a quadratic polynomial - was
selected in the first instance, namely C = by + b1D + bZDZ,' where C denotes
correlation and D distance from master station in hundreds of miles. As the stations
were chosen originally to provide a fairvly even spread over the entire continent, the
distance between -stations generally exceeded 100 miles. Since it was desired to
.interpolate predictions for distances of less than 100 miles, it was considered
justifiable to introduce some additional infofmation, i. e, a constraint, in the fitting.
This was the constraint thatatD = 0, predicted correlation must be unity. Introducing
such a perfectly known coefficient, by = 1, has the effect of tightening-up the
confidence bands about the remaining unknown coefficients and is equivalent to fitting
the new dependent variable (C - 1) and 'forcing the equation through the origin', as
(C - 1) = b1D + bpD?2,

On the basis of significance tests on the overall regressions and the
individual coefficients, and inspections of residuals from the regressions, the fitted
quadratic equations proved fairly adequate. For instance, in 242 of 269 cases, the
fitted quadratic explained more than 95 percent of the variation. The quadratics
proved at least as good as the alternatively transformed second-degree polynomials
which were fitted. Regression equations for a cross-section of rainfall stations and
for rainfall recorded by month and calendar year are summarized in Table 1,
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Most of the estimated coefficients are highly significantly different from zero - the

exceptions being the quadratic terms for some relatively dry months at Aramac and
Charleville. The trend most readily apparent from Table | is the confirmation that
correlation decreases at a diminishing rate over the range of observations. There

is a suggestion that the rate of decrease is greatest in the months of highest rainfall
for any particular station, but this is not well defined.

4. CORRELATION AND DIRECTION

The observation that most hand-plotted isopleths tended to be elliptical
suggested a convenient method for determining the direction in which correlation
decreases most rapidly. If a second-degree equation in two variables (distance
E-W and distance N-S) is fitted to correlation data for a given master station and
period, for any given correlation this may define an elliptical isopleth. Intuitively,
this will occur when the equation describes a regular dome-shaped surface and this
surface is cut by a horizontal plane. More formally, for the quadratic surface
C=cogt+cN+crE+ c3N2 + C4E2 + ¢gNE, where N now denotes hundreds of miles
north (positive) or south (negative) and E now denotes hundreds of miles east (positive)
or west (negative), let C = C*, a fixed level of correlation, and rearrange as the
typical quadratic equation,

2 2 '
4 - 5 =
c3N : c5NE + c4E + CIN + CZE + Co C 0.

Then the curve is an ellipse if the discriminant is negative, i.e,, 052 - 4c3cy <0.
The directions of the major and minor axes are found by rotating the axes through
an angle o determined from cot 2o = (cj3 - C4)/c5 (Thomas, 1968, pp. 350-352).

It was found that the second-degree equation provided a reasonable fit in
terms of explaining variation in these data although the fits were not as close as
for the previous regressions. However, 265 of the 269 regressions fitted explained
more than 50 percent of variation. For each master station the new coordinates for
the other stations were computed from the respective paired latitudes and longitudes.
In fitting the regression equations, co was this time not constrained to unity as there
was no interest in extrapolating beyond the range of observations. Choice of isopleth
is arbitrary but C* = ,5 was chosen for the present discussion. An ellipse is
conveniently summarized by the length and direction of its axes. These were found
from the fitted equations by computing the angle o and letting the axes cut the
ellipse. Axes were found as straight lines with slopes tan o and tan (¢ +  90) which
pass through the centre of the ellipse.

This procedure enables rapidassessment of the general influence of direction
on the decline of correlation with distance. In most cases it worked fairly well as,
for example, is illustrated in Fig. 1 which compares a hand-sketched isopleth with
a computed elliptical isopleth.
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Fig. 1 Comparison of hand-plotted and fitted isopleths.

The ellipses computed for five representative master stations are
summarized in Table 2 by the direction of the minor axis and the half lengths of
minor and major axes. These data allow a direct interpretation, e.g. for
Charleville in February the closest point towards the Pacific’ Ocean with a predicted
correlation of . 5 lies about 258 miles away at 84°. However, along the major axis
(1740 or 3540) this same correlation is reached at about 427 miles distance.

The data of Table 2 reinforce the earlier observations on the configuration
of the isopleths. Generally, correlation diminishes most rapidly in the E to ENE
and W to WSW directions. Maher (1969) has speculated that this is connected with
the usual tracks of moving pressure systems in the Australian region. An exception
in Table 2 in Coonamble, For half the months the minor axis runs closer to N-S
than E-W. However, in these months the ellipses tend to be circular implying.
that direction is then unimportant.
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5. SUMMARY

An aspect of the climate of the pastoral zone which is of particular
importance in studying the economics of spatial diversification is the manner in
which similarity of climate varies between spatially separated stations. The fore-
going analysis has concentrated on simple correlations of monthly and annual
rainfall - the former being especially useful in simulation models of diversified
production. Other features of rainfall which must be considered along with
correlations are, of course, the annual total and the seasonal distribution, both
of which vary substantially through the pastoral zone.

Correlation of rainfall in the pastoral zone of eastern Australia decreases
at a diminishing rate with distance from a master station. While this holds generally,
there is usually an additional influence of direction on the rate of decrease. Very
broadly, correlation decreases most rapidly in an E-W direction - a finding which is
relevant for pastoralists contemplating spatial diversification as a drought
‘mitigating strategy. Close analysis of any particular case of spatial diversification
would probably have to make use of hand-plotted isopleths based on appropriately
chosen recording stations which may reveal exploitable local irregularities in
correlations. ’
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