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The love of field and coppice 
Of green and shaded lanes, 
Of ordered woods and gardens 
Is running in your veins. 
Strong love of grey-blue distance, 
Brown streams and soft, dim skies 
I know, but cannot share it, 
My love is otherwise. 
I love a sunburnt country, 
A land of sweeping plains, 
Of ragged mountain ranges, 
Of droughts and flooding rains. 
I love her far horizons, 
I love her jewel-sea, 
Her beauty and her terror 
The wide brown land for me... 
An opal-hearted country, 
A wilful, lavish land 
All you who have not loved her, 
You will not understand 
though Earth holds many splendours, 
Wherever I may die, 
I know to what brown country 
My homing thoughts will fly.

- My Country, Dorothea Mackellar (1908).

More IPA commentary on this poem can be found at 
https://australia.ipa.org.au/genius-of-australia/

Cover image: Silo art, Gunnedah, NSW

https://australia.ipa.org.au/genius-of-australia/
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Introduction

The Australian continent has a long history of droughts and floods, extending into 
recent years1. At any particular time, there is often a drought somewhere in continent of 
Australia. However, there is often a reluctance to acknowledge drought as a persistent 
aspect of Australian life and the arrival of drought is often greeted with surprise with 
a tendency for each drought to be perceived as “the worst on record”2. Droughts 
are a recurrent and natural part of the Australian climate, with evidence of drought 
dating back thousands of years. The impacts of droughts have been categorised as 
meteorological, hydrological, agricultural, and socioeconomic3. Many of the reported 
studies have emphasised the impact of drought on agriculture4, which is as topical as 
ever due to drought in parts of eastern Australia affecting farming communities. 

Flooding rains are also a recurring feature of the Australian climate. For example, 
prolonged rainfall over large areas of Queensland led to flooding of historic proportions 
in December 2010, extending into January 20115,6. About 33 people died as a result of 
those floods, with more than 78% of the state (an area larger than France and Germany 
combined) declared a disaster zone. More than 2.5 million people were affected5 with 
approximately 29,000 homes and businesses experiencing some form of inundation, 
with the cost of flooding estimated to be over A$5 billion5,6. In January 2011, More 
recently in 2022, extreme rainfall conditions in New South Wales and south-east 
Queensland have again caused major floods affecting thousands of properties. 

Climate indices and oscillations such as ENSO are often used in constructing models 
that attempt to forecast rainfall. The need to improve rainfall forecasts has again been 
highlighted by the recent extreme rainfall and floods in eastern Australia. Techniques 
that depend on artificial intelligence (AI) methods such as machine learning have been 
extensively developed during the past decade around the world and reported in the 
scientific literature, but are not utilised to produce official forecasts for example by the 
Australian Bureau of Meteorology (BOM)A. The application of AI through artificial 
neural networks (ANNs) is illustrated in this report for the town of Gympie, which was 
severely affected by the recent flooding events. 

A See also my chapter, Rainfall Powered Aviation, in the IPA’s Climate Change: The Facts 2020, available  
https://climatechangethefacts.org.au/buy-now/

https://climatechangethefacts.org.au/buy-now/
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Rainfall, Climate Indices And Climate 
Change

Rainfall conditions are often associated with particular climate indices that can be 
used to explain and predict periods of drought and flooding rains. Eastern Australia 
is influenced by the El Niño and La Niña conditions that are linked to climate indices 
including the Southern Oscillation Index (SOI) and sea surface temperatures in the 
Pacific Ocean including Nino3,4, with influence of other indices such as the Southern 
Annular Mode (SAM) sometimes also implicated. 

ENSO (El Nino Southern Oscillation) refers to the recurrent oscillation between El Niño 
and La Niña conditions. Under La Nina conditions. Trade winds strengthen, increasing the 
temperature of the warm water north of Australia.B Cloudiness and rainfall north of Australia 
are enhanced, typically leading to above average winter–spring rainfall for eastern and 
central parts of the country. Under El Nino conditions trade winds weaken and warmer 
surface water builds up in the central Pacific. Cloudiness and rainfall north of Australia are 
supressed, typically leading to below average winter–spring rainfall for eastern parts of the 
country. The Southern Oscillation Index (SOI) gives an indication of the development and 
intensity of El Niño or La Niña events in the Pacific Ocean. The SOI is calculated using the 
pressure differences between Tahiti and Darwin. Sustained positive values are indicative of 
La Niña conditions, and sustained negative values indicative of El Niño conditions.

For most Australian regions, individual climate drivers, associated with particular 
climate indices, generally account for less than 20% of monthly rainfall variability7. It 
is, therefore, unlikely that a single climate phenomenon is responsible for all drought 
or flooding events. It is probable that different periods of extended drought or extreme 
rainfall are driven by different and/or multiple combinations of climatic processes8,9. 
The occurrence of drought or flooding conditions is often explained in terms of 
prevailing El Nino or La Nina events. 

Although some reports claim links between climate change and recent droughts in 
Australia with a high degree of certainty8, an examination of the scientific literature 
would suggest a more cautious approach to stating unambiguous conclusions, due to 
the lack of rigorous evidence. Studies by Cai et al. found that although climate models 
generally suggest that Australia’s Millennium Drought was mostly due to natural multi-
decadal variability, some late-twentieth-century changes in climate that influence 
regional rainfall are partially attributable to anthropogenic greenhouse warming9. 
Cook et al. examined the Millennium Drought during 2003–2009 and the record-
breaking rainfall and flooding in summer 2010–2011 in eastern Australia10. They found 
limited evidence for a climate change contribution to these events, but such analyses 
are often restricted by the lack of information on long-term natural variability. 

B In November 2021 my IPA colleague, Dr Jennifer Marohasy, explained this to Andrew Bolt’s viewers, Mild La Niña 
Will Lead to Wetter Summer, https://www.skynews.com.au/opinion/andrew-bolt/mild-la-nia-will-lead-to-wetter-
summer/video/2867a613bddeb835a81863d2e1a547d9

https://www.skynews.com.au/opinion/andrew-bolt/mild-la-nia-will-lead-to-wetter-summer/video/2867a613bddeb835a81863d2e1a547d9
https://www.skynews.com.au/opinion/andrew-bolt/mild-la-nia-will-lead-to-wetter-summer/video/2867a613bddeb835a81863d2e1a547d9
https://www.skynews.com.au/opinion/andrew-bolt/mild-la-nia-will-lead-to-wetter-summer/video/2867a613bddeb835a81863d2e1a547d9
https://www.skynews.com.au/opinion/andrew-bolt/mild-la-nia-will-lead-to-wetter-summer/video/2867a613bddeb835a81863d2e1a547d9
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Applying AI Techniques to Rainfall in 
Gympie, Qld.

In this section we demonstrate the applicability of ANNs, with a case study of 
Gympie, Qld.

Gympie is located about 170km north of Brisbane in south-eastern Queensland It has 
a very long and almost continuous record of daily rainfall measurements from 1870 to 
the present available from the BOM. Figure 1 shows the annual rainfall record over this 
period, illustrating significant variations in total annual rainfall with the lowest at 457.7 
mm in 1957 and the highest at 2242.9 mm recorded in 1893. The trendline shows 
some decline in annual rainfall over the past 150 years. 

Figure 1: Annual rainfall (mm) at Gympie between 1870 and 2021

Figure 2 shows that the mean monthly rainfall for Gympie is greatest during the summer 
months of January and February and lowest during the winter months July and August. 

Figure 2: Mean rainfall for Gympie for each month between 1870 and 2022
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However, there are wide variations in rainfall during any particular month as illustrated 
in Figures 3 and 4 for February and August, respectively. 

Figure 3: Monthly rainfall (mm) for February from 1870 to 2022

Figure 4: Monthly rainfall (mm) for August from 1870 to 2022
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Figure 5 shows the value of the SOI (5A) and rainfall in Gympie (5B) over the period 
from 2000 to 2022, with the SOI oscillating between positive and values for several 
years corresponding to La Nina and El Nino conditions. 

Figure 5A: Southern Oscillation Index (SOI) between 2000 and 2022 

Figure 5B: Gympie monthly rainfall (mm) between 2000 and 2022
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Contrasting Rainfall Forecasts Using 
Physical Models With AI

The BOM issues regular rainfall forecasts for up to 3 months in advance (at 1 week, 2 
weeks, 1 month, and 3 months lead time) on its website, and these can be regarded as 
short- to medium-term lead times. Forecasts issued on January 6th 2022 indicated a 
wetter start to 2022 was likely for parts of eastern Australia. The BOM stated February 
to April rainfall is likely to be above median for parts of northern and eastern Australia. 
However, the map in Figure 6 does not give a strong indication of the extreme rainfall 
that would eventuate in south-east Queensland and northern NSW during February. 
The rainfall forecasts were explained by the BOM in terms of prevailing climate indices: 
“The La Niña in the Pacific Ocean, the near-positive state of the Southern Annular 
Mode (SAM) and the Madden–Julian Oscillation (MJO) over the eastern Pacific are 
likely influencing the rainfall outlooks”.

Figure 6: Rainfall probability for February 2022 (BOM)

Note: issued by the BOM in early January 2022  
http://www.bom.gov.au/climate/ahead/outlooks/archive/20220106-outlook.shtml

Rainfall forecasts generated by the BOM at longer lead times, extending up to about 8 
months, rely on implementation of physical models. This requires a good understanding 
of the very complex system of the earth’s climate if reliable forecasts are to be generated. 
The models used are called General Circulation Models (GCMs) that typically require 
supercomputers. In a published review, forecasts using GCMs authors from the BOM and 
CSIRO acknowledged that the skill of their monthly rainfall forecasts is generally low11. 

http://www.bom.gov.au/climate/ahead/outlooks/archive/20220106-outlook.shtml
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As an alternative to GCMs that attempt to implement physical models of climatic 
systems, considerable research has been reported over the past decade using machine 
learning, particularly neural networks, to forecast rainfall12-18. This approach relies on the 
availability of sufficient historical data that may enable forecasts to be made because of 
the presence of patterns and relationships within the data. Monthly data exists for rainfall, 
local temperatures and many climate indices over more than 100 years. The results 
suggest that the skill of the forecasts using the machine learning approach for medium- 
and long-term rainfall forecasts are significantly superior to GCMs18.

The extreme rainfall events in eastern Australia in 2011 and 2022 demonstrate the 
need for skilful rainfall forecasts with long lead times of a 12 months or longer. This can 
greatly assist in planning for agriculture and the management of infrastructure such 
as dams and hopefully avoid the situation of the Wivenhoe disaster in Queensland in 
2011 where water was not released from a dam at near capacity until after the onset 
of intense flooding rains. 

The application of ANNs to skilfully forecast rainfall at long lead times of 12 month 
and 60 months is illustrated below for the town of Gympie in south-east Queensland 
that experienced very severe flooding in February 2022. 
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Longer-term Monthly Rainfall 
Forecasting for Gympie with ANNs

The neural network methodology developed in previous studies15,16 for forecasting 
monthly rainfall in different parts of Australia has been applied to rainfall data for 
Gympie at long lead times of 12 months and 60 months. ANNs have been applied to 
rainfall forecasting in many parts of the worlds and results extensively reported in the 
scientific literature, although not routinely used by the BOM. 

Figures 7 and 8 show the actual and forecast monthly rainfall values between 2010 
and 2022 corresponding to February and August respectively. The forecasts generally 
perform skilfully in distinguishing between instances of heavy rainfall and low rainfall 
for February (e.g. comparing 2013 in 2014) and for August (e.g., comparing 2011 and 
2012). One notable exception appears to be February 2022 where the forecast was 
for moderate rather than the very heavy rainfall actually observed. 

Figure 7A: Actual and forecast February monthly rainfall (mm) for Gympie at 
lead time: 12 months

 
Figure 7B: Actual and forecast February monthly rainfall (mm) for Gympie at 
lead time: 60 months
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Figure 8A: Actual and forecast August monthly rainfall (mm) for Gympie at 
lead time: 12 months

Figure 8B: Actual and forecast August monthly rainfall (mm) for Gympie at 
lead time: 60 months 

 

 

The ANN method relies on training the network with historical data that relate to 
climate such as temperatures, rainfall and climate indices. For this approach to 
be successful the patterns and associations between rainfall at a particular time 
and historical data further back than the chosen lead time, and these patterns and 
associations must continue into the future period for which forecasts are desired. 
However, one must recognise that with a complex system such as climate there can 
be sporadic influences that may have strong effects that are not incorporated into the 
more regular patterns potentially available in the training data set. One such sporadic 
influence is almost certainly the effect of volcanic activity on climate, including rainfall, 
which is further discussed in the following section. 
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Rainfall and Volcanic Activity

Large volcanic eruptions, especially those that occur within low latitudes, can have 
a great impact on the global climate19-21. Sulphur-rich gases are injected into the 
stratosphere, where they evolve into sulphate aerosols20. These aerosols scatter and 
absorb solar radiation, and therefore perturb the energy balance of the planet, 
affecting global climate. As a result, global-mean surface temperature decreases while 
the lower stratosphere warms. For example, the 1991 eruption of Mt. Pinatubo in the 
Philippines produced one of the greatest volcanic aerosols in the last hundred years, 
with the estimated net decrease of radiation reaching 10% in the tropics22.

These radiative and thermal perturbations can in turn lead to changes in various 
components of the global climate system23. For example, studies have shown evidence 
that volcanic eruptions can lead to both enhancement and suppression of ENSO 
events23,24. Some investigations have associated volcanic eruptions with increased 
rainfall and flooding25,26, while other studies show evidence for decreased rainfall27,28,29.

The Tonga volcanic eruption of 2022 has been confirmed as the largest explosive 
eruption of the 21st century, and on par with the biggest eruptions ever recorded30 
and possible influences on climate have been discussed by the BOM31. The estimated 
volume of ejected material was approximately 10 cubic kilometers, generating an 
atmospheric shock wave that circled the world several times, and producing an 
ash plume half the size of France. The eruption was equivalent in strength to the 
cataclysmic 1991 eruption of Mount Pinatubo in the Philippines, with one such eruption 
expected once every 50-100 years.

The volcanic eruption in Tonga and its influence on rainfall over eastern Australia 
in February 2022 would be regarded as a sporadic event, not predicted in ANN 
rainfall forecasts for Gympie with lead times in the range 12 months to 60 months. 
Inspection of Figure 4 showing monthly rainfall for August from 1870 to 2921 shows 
extremely high rainfall of 454.7mm in 1879, compared to the mean value of 39.5 mm. 
It is interesting that 1879 is considered to be a year of particularly eventful in terms of 
volcanic activity32, and this may explain the very high rainfall during August. 

https://en.wikipedia.org/wiki/2022_Hunga_Tonga%E2%80%93Hunga_Ha%27apai_eruption_and_tsunami
https://en.wikipedia.org/wiki/1991_eruption_of_Mount_Pinatubo
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About the Institute of Public Affairs

The Institute of Public Affairs is an independent, non-profit public policy think tank, 
dedicated to preserving and strengthening the foundations of economic and political 
freedom.

Since 1943, the IPA has been at the forefront of the political and policy debate, 
defining the contemporary political landscape.

The IPA is funded by individual memberships and subscriptions, as well as 
philanthropic and corporate donors.

The IPA supports the free market of ideas, the free flow of capital, a limited and 
efficient government, evidence-based public policy, the rule of law, and representative 
democracy. Throughout human history, these ideas have proven themselves to be the 
most dynamic, liberating and exciting. Our researchers apply these ideas to the public 
policy questions which matter today. 

The IPA also publishes a blog on climate science and policy issues at 
climatechangethefacts.org.au.

For membership information, go to ipa.org.au/join.

A LAND OF DROUGHTS AND 
FLOODING RAINS: FORECASTING 
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