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Abstract 
 

Australia is fortunate in having an excellent climatic data base, thanks to an enduring national Bureau 
of Meteorology which was constitutionally conceived in 1900. 

While the number of monitoring stations and their data quality has steadily increased, interpolation by 
GIS techniques has also resulted in a geographically more continuous and reliable overview of the 
continent. Although Australia is historically associated with the problems of regional droughts, it is 
less than two decades since a public realisation of a potential overall shortage of water for both 
agricultural and industrial as well as domestic consumption gradually emerged. 

GIS presentations of decadal means of both Australia’s annual and growing season rainfall for the 
period 1900 to 2007 are presented in map form. While intrinsically interesting, in searching for 
trends, it is more informative to graphically represent data to reveal departures in each decade from 
the century mean. The consequent revelation of the connection between significant historic events such 
as wars and depressions with major climatic aberrations is striking. 

More regionally specific analyses are shown for the S.W. and S.E. of Australia, respectively vital 
areas for grain production and irrigation-based horticulture. For the former, major anthropological 
impacts on regional vegetation are explored with an implied warning that climate cannot be solely 
ascribed to the “demon” CO2 . For the latter, the S.E. of Australia, there is some persuasive visual 
evidence that particulate atmospheric pollution from combustion may also be contributing to the 
current serious dearth of precipitation. 

Because the total rainfall, averaged over the continent of Australia has remained relatively stable, 
current trends in the East, S.E. and S.W. have caught most of the population, which is increasingly 
concentrated in large cities in these areas, by surprise, particularly when agricultural productivity, 
conducted by a tiny rural minority, is viewed on an integrating large scale rather than in a localised 
manner. GIS methods are presented which show how a dangerous threshold may be approached with 
unwitting confidence. Myopic focussing on a too restricted range of factors which influence climate 
may result in chaos. 
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1.  Mean Annual Australian Rainfall from 1900 to 20 07 

 
Australia can be regarded as either the World’s largest island or its smallest continent. In 
spanning southern latitudes from tropical to temperate climes it offers a wonderful laboratory 
for the observation of climatic phenomena. It is fortunate that by virtue of being under a 
unifying federal administration since 1901 there exist detailed and complete archives of 
historic climatological data. The Australian Bureau of Meteorology has made these available 
for this analysis, in which for the purpose of maximizing the land area being considered, the 
largest of the islands, Tasmania, has been omitted, not forgotten. 
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Digital values of monthly rainfall have been gridded for the entire continent. Using GIS 
techniques, annual rainfall maps have been produced for every year from 1900 to 2007 
inclusive. This initial analysis has then been used to form mean annual rainfall (MAR) maps 
for the 10 decades of the 20th century, as shown in fig 1. The eleventh map shows the 
corresponding mean for the first eight years of the 21st. century. Each of these decades shows 
the greatest rain totals to extend from the northern tropical areas and along the east coast to 
include the south-eastern part of the continent. Almost as an after-thought, nature has included 
a south-western rain-rich sector. A large part of Australia, ballooning from the central western 
coast to cover most of the interior and extending to the south coast, is dominated by relative 
aridity. 
 
Although the decadal differences are interesting, these maps do not lend themselves to a 
simple recognition of trends. To facilitate this, the difference between the mean annual 
rainfall for each of the decadal periods and the mean annual rainfall for the entire 20th century 
has been mapped and shown in fig 2. Again, the eleventh image shows the corresponding map 
for the period 2000-07, the latest for which complete annual data is available. Now the 
essential variations over more than a century emerge more clearly and indeed help explain 
much of the social and economic history of Australia. The great drought which marred the 
early years following the federation of the Australian states in 1901 covered all parts of the 
continent except a minor area of south-western Australia, which at the time supported only a 
small population, too distant from the more concentrated and dominant population in the 
south-east to be sufficiently vocal. Periods of drought which accompanied the early stages of 
both World Wars were the cause of great rural unemployment and poverty, thereby yielding 
many volunteers who enlisted for battle. Both the 1950s and 1970s were times of hydrologic 
abundance and led to false hopes as to the level of the country’s water potential resources at a 
time of major developments in irrigation and land-use schemes. This historical over-optimism 
led to southern and eastern Australia’s current major water supply problems. The “rainfall 
boom” of the 1950s coincided with much of the development of the south-eastern “Snowy 
Mountains Hydro-Electric Scheme” which for some time fulfilled its promise of augmenting 
the supply of irrigation water. During the years 2000-07, such water reserves have all but 
vanished. 
 
 
2. Growing Season Rainfall in Australia from 1900 t o 2007 
 
Agriculture, which followed European settlement of Australia during the 19th and 20th 
centuries, was dominated by European traditions and practices, with a consequent 
concentration on large areas of cereal production and animal husbandry through free-range 
grazing over the useable southern regions which were recognised as being substantially under 
the influence of a Mediteranean climate. For all but the tropics, this makes logical the 
definition of Growing Season Rainfall (GSR) to include the 8 months April to November.  
 
Decadal mean GSR maps, shown in figure 3. have been computed in the same manner as 
those for the decadal MAR by means of IDRISI GIS (geographical informations system) 
software. Because tropical rain mainly falls outside of the GSR period, these maps emphasise 
the incidence of agriculturally useful rain in the south-eastern and south-western sectors of the 
continent. However, just as in the case of the MAR maps, computation of the departures of 
decadal means from the 20th century mean GSR helps reveal trends with greater clarity. This 
latter set of maps is shown in figure 4 and reveals the down-turn of the 2000-07 period even 
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more starkly than in figure 2, with only a very minor portion of the continent not experiencing 
seriously reduced rainfall. 
 
 
3. Further Analysis of Rainfall over all of Austral ia 
 
The IDRISI GIS software allows for a simple integrated view of the MAR as well as the GSR 
to be computed. These are respectively summarised as histograms in figures 5a and 5b. Both 
of these show how an integral or averaging view from a central perspective can lead to serious 
complacency as the linear trend for the MAR shows an increase and the GSR, relative 
constancy, with only the record low for the latter’s 2000-07 period showing cause for alarm. 
The MAR for 2000-07 is not as low as that experienced from 1930-39, which included the 
worst economic times of the Global Great Depression. 
 
Recognising that a minimum GSR of 250 mm is required to successfully bring a cereal crop 
to the stage of harvesting in temperate Australia, figure 6 has been compiled to reveal not only 
the GSR on all land which receives a minimum of 250 mm in a season, and the trend therein, 
but also the fraction of the total area of land which actually receives this amount. This graph 
emphasises that the fractional area on which a crop could be potentially grown has sunk to an 
even lower level in 2000-07 than during the drought period, 1940-49, masked by the events of 
World War II. 
 
 
4. Rainfall Trends in Specific Regions of Australia  
 
In an attempt to explore possible reasons for currently perceived trends and changes, two 
southern regions of Australia, important to its food production, have been selected for more 
detailed investigation.  
 
 
4.1  Rainfall in S.W. Western Australia 
 
A study of rainfall trends in south-western Australia by Williams (1989) revealed differing 
trends in MAR for this region which is marked by a geographically gridded rectangle on the 
map of Australia shown in figure 7. The region is effectively divided by a structure known as 
the “Rabbit Fence” resulting in meteorological effects which have been described by Lyons et 
al (1993) and also Schwerdtfeger (2006).  
 
The photograph, figure 8, of cumulus clouds developing over the large area of natural 
bushland which the Rabbit Fence protects from land clearance for cereal farming, offers at 
least a partial or contributing explanation of the fact that since the onset of intense land 
clearance, which commenced in 1946 and accelerated to a peak in the late 1980s, by which 
time this terrestrial transformation had reached the “Fence”, rainfall has decreased in all 
meteorological districts on the western, upwind, side of the Fence but increased on the 
downwind or eastern side. This phenomenon, as well as the abrupt change in vegetation at the 
Fence can be clearly identified through satellite imagery. Chambers (1990) has summarised 
vertical soundings of relevant atmospheric parameters, particularly lifting condensation level, 
which emphasise the significant difference in these on the bushland side of the Fence from 
those on the cleared, agricultural side. Figure 9 shows the superposition of isohyetal changes 
in GSR means for the two decades (1940-49) and (1980-89). With minor discrepancies, the 
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zero change contour neatly encompasses the main cereal growing area, with a 50 mm a-1 
increase downwind and inland in contrast to observed reductions toward the coast in the west.  
While it is difficult to avoid ascribing some blame for the reduction in rainfall over the “bread 
basket” of south-western Australia on an over zealous but misguided programme of land 
clearance, it must be acknowledged that rainfall has also fallen substantially during the same 
period over the remaining dense forest area closer to the coast, possibly a result of changes in 
global circulation patterns.  
When the rainfall records covering a rectangular area of this region are subjected to the same 
analytical procedure as described in section 3 for all of Australia, the MAR shows a steady 
downward trend over the last century, as does the GSR for the same period, both being shown 
in figure 10. In contrast to the mean result obtained for all of Australia, the percentage of land 
area with a GSR of 250 mm or more has not tended to fall, as seen in figure 11. Nevertheless, 
the trend in GSR is definitely downward, which suggests that should this trend continue, 
whatever its cause might be, agriculture will be brought to a sudden regional conclusion, 
without the general warning of peripheral failures.   
 
 
4.2  Rainfall in South-Eastern Australia 
 
A similar analysis of  a rectangular area covering most of the major Murray-Darling River 
Basin is summarised by the two figures 12 and 13. The first of these shows decadal values 
and their trends over a century for the MAR and the GSR, with both suggesting a gradual rise. 
Figure 13 however, which indicates the GSR for those areas with values greater than 250 mm, 
incorporates an additional rather more sobering signal in that the percentage of land that has 
contributed to the comfortingly steady value of the GSR has seriously declined in the most 
recent 8 years 2000-07. 
 
 
5. Conclusions 
 
As in the earlier case of falling rates of rainfall in SW Australia, where at least a contributory 
explanation has been offered, it is important to search for evidence of all possible processes 
which might contribute to the phenomena of change. One suggestion has been made by 
Rosenfeld (2000) who has examined appropriate satellite imagery of Australia and concluded 
that industrial emissions have seriously impeded cloud physical processes and reduced 
precipitation. This work was collegially incorporated in a submission to the Parliament of 
Australia by Gingis (2002). This detailed report is accessible on the internet. Particularly 
striking in this electronic document are the satellite images which reveal as sources readily 
identified industrial activities emitting plumes which reach Australia’s most important 
southern and eastern rain- and snow-fall zones. 
 
With the acceleration of population growth, fossil fuel dependent transport and power 
generation emissions as well as large-scale land clearance for both agriculture and the 
effective “mining” of forests for timber it is unwise for mankind to abrogate responsibility for 
more ubiquitous investigations by ascribing all aspects of climate change and associated 
rainfall changes to the single, undoubtedly serious phenomenon of increased concentration of 
carbon dioxide and other organic gases in the atmosphere.    
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1. Mean Annual Rainfall in Australia shown in decadal averages during the 20th Century; also 

shown is the mean for the first 8 years of the 21st Century. 
 
 
 

 
2. Decadal Variations in Rainfall from the 20th Century mean; also shown is the mean change in 

the first 8 years of the 21st Century from the mean for the 20th Century. 
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3. Cereal Growing Season Rainfall (GSR: April to November) in Australia shown in decadal 

averages during the 20th Century, also shown is the mean for the first 8 years of the 21st 
Century. 

 
 
 
 
 
 

 
4. Decadal Variations in Growing Season (April-November) Rainfall from the 20th Century 

mean, also shown is the mean change in the first 8 years of the 21st Century from the mean for 
the 20th Century. 
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5a. Mean Annual Rain over all land in Australia. 
 

5b. Mean Growing Season Rain over all land in Australia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Growing Season Rain in areas of Australia with more than 250 mm p.a. 
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7. Map of the “Rabbit Fence” region in south-western Australia and rainfall changes from 1948 

to 1988 for specific districts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Aerial view of convective cloud formed at the “Rabbit Fence”. 
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9. Contours of Growing Season Rainfall changes between the decadal periods (1940-49) - (1980-
89) in south-western Australia. 
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10a.  Mean Annual Rain and Mean   10b. Growing Season Rain for south-western Australia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11. Mean Growing Season Rain in areas of south-western Australia with more than 250 
mm/annum. 
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12a. Mean Annual Rain and   12b Mean Growing Season Rain for south-eastern Australia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13. Mean Growing Season Rain in areas of south-eastern Australia with more than 250 
mm/annum. 


