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Introduction 
• Australia’s Water Issues. 

– Australia Water Availability  

– Australia’s Water Issues 

– Growing Global Water Crisis 

– Australian groundwater basin  

 

• Australian Climate influences and seasonal weather patterns. 

• Trends in rainfall indices for six regions: 1910-2005  
Australian regions. 

• Observed Trends in Hydrological Cycle 1993 to 2003. 

• Seasonal  Rainfall Prediction tools. 

• Our Future Climate - impacts of CO2 and Ozone on Australian rainfall. 

• Australia’s cyclic weather patterns. 

• Our future climate and tropical  rainfall. 



How does Australia compare with other continents? 

 

• Australia's rainfall is the lowest of the five continents. 

•  Average rainfall of only 469mm/year.    

• The graph shows that discharge of Australia's rivers into the sea is by far the  

      lowest of any of the continents.  

• Low and seasonal flows contribute to problems of salinity and algal blooms.  

   Global net primary production 

GROWING GLOBAL WATER CRISIS 

http://earthobservatory.nasa.gov/Study/HANPP/Images/npp_lrg.jpg


Australia Water Availability  

• Australia has an average rainfall of only 469mm/year, with annual averages 

ranging from 127mm in south east South Australia to 3,163mm in northern 

Australia. 

 

• Evaporation rates are extremely high with only 12% of rainfall collecting in 

rivers, compared with a world average of 65%. 

 

• Of all the inhabited continents, Australia has the least amount of water in its 

rivers.  

 

• Water storage capacity is over 4,000KL per person, the highest water storage 

capacity per capita in the world. 

 

• There are 447 large dams supplying 79,000 GL (Gigalitres*) of water for 

irrigation, industrial, hydo-electricity and urban use. 

 



Australia’s Water Issues 

• About 87% of all rainfall is lost to evaporation from the surface 

and transpiration. 

• Less than 5% of Australia has more than 250mm average annual 

runoff. 

• 26% of the land surface contributes almost 90% of total runoff  

and the half the land surface has no direct discharge to the ocean. 

• The variability of Australian rainfall runoff is amongst the 

greatest in the world. 

• Understanding the potential of Northern Australia 



What could the Impact of  1ºC in temperature 

• A rise of 1ºC leads to an approximate 

15% reduction in the climatological 

annual MDB inflow. 

 

• There is strong evidence that rising 

temperatures have a strong impact on 

Australia’s water resources, in 

addition to any reduction in rainfall. 

 



Water volume, in cubic kilometres 

Drinking Water Storage per Capita 



Growing Global Water Crisis 

Source: http://siteresources.worldbank.org/INTWDR2010/Images/5287677-1252681192976/Map-1-%28large%29.gif 

Climate change will depress agricultural yields in most countries in 

 2050, given current agricultural practices and crop varieties. 

Source Worldbank 



It takes staggering quantities of water to grow some common 

crops-water that many countries cannot afford to lose. 

 

Quantities of water required to grow common crops 

Question? As the world’s population increases  so  does the demand for freshwater. This will 

Require difficult policy negotiations at the local, and International level to reach 

acceptable solutions for all 

Question ? 



Trends in rainfall indices for six 

Australian regions: 1910-2005 

Trends in rainfall 

indices from January 

1910 to August 2005 

were examined using 

an updated high-quality 

rainfall data-set from 

the Australian Bureau 

of Meteorology 



Trends in rainfall indices for six 

Australian regions: 1910-2005 



Observed Trends in Hydrological 

Cycle 1993 to 2003 

 Observed trends for the 1993 to 2003 period show strong 

   decline in rainfall, soil moisture and runoff, mainly during summer  

   (NDJFM) season! 

These trends have occurred in spite of prolonged La Nina’s 

   (1998 to 2001) when typically the water storage is  replenished.  



Australian groundwater basins  

Without groundwater much of  
inland Australia could not have 
been developed. 
 

• The GAB contains 64.9 million 

GL of  water, making it the 

world's largest artesian 

groundwater basin. 

 

• extends under 1.7 million 

km² (22%) of  Australia 

• Average groundwater flow is 

from 0.2 to 2.5 meters/year.  

• It can take two million years for 

water to cross the Basin. 

 



The importance of groundwater 

With the world's population explosion, increasing pollution and 

wide-scale mismanagement of freshwater supplies, a critical 

water shortage may occur within the next 50 years. Counter-

measures are essential.  

 

1. The world has seen a six-fold increase in water usage since 

1900.  

 

2. By 2025, the amount of water for use by each individual 

may be only half of what it is today, and today it is only half 

what it was in 1960. 



A time bomb threatens 

• Deep groundwater is relatively free from pollutants in many places and is 

excellent for drinking, domestic use and industrial purposes. 

 

• But once an aquifer is contaminated, remedial measures can be long and 

costly, even impossible.  

 

• The slow penetration of pollutants has been called a "chemical time bomb." 

It threatens humankind. Furthermore, because groundwater is invisible, the 

dangers to it are often disregarded or mishandled.  

 

• In some countries it has been handled in the same manner as a mineral 

resource. In spite of the link between surface water and groundwater, many 

water laws have been changed only recently. 



Australian Climate influences 

                     and 

  Seasonal weather patterns 
 



 

 
Three major phenomena 

which influence Australia’s rainfall  

•  El Nino events 
•  The Indian Ocean Dipole 

•  Southern Annular Mode, a weather pattern in the 

Southern Ocean that  promotes airflow towards south east 

Australia 
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Ocean Global Monitoring and modelling 

Model Forecast 

Satellite  observations 





El Niño Southern Oscillation-ENSO  

 Impact on agriculture 

It was the impact of the 1982 -El Nino event on food production around the 

world that first brought the global implications of  (ENSO)to wider public 

notice. 

 

Once this connection was recognised,  many earlier examples of this 

phenomenon were identified. 

 

1. The 1972-73  El Nino  capturing the interest of several scientists. It was 

deemed the “El Nino  of scientists” 

2. The 1982-83 El Nino  captured the attention of policymakers in many 

countries. This was the “El Nino  of Governments” 

3. The 1997-98 El Nino  was the biggest in a century .Because this event 

made El Nino a household word worldwide, it was the   

      “El Nino  of  the people”. 

 

 



Indian Ocean Dipole Mode 
The World's First Successful Prediction of the Indian Ocean Dipole Mode 

Event  - severe droughts/forest fires over the Indonesian /Australian region. 

This IOD normally develop in May or June, at peak in October 

and diminish in December 

Schematic diagram of SST 

anomalies (red shading warming; 

blue cooling) during a positive 

IOD event. (White patches) 

indicate increased convective 

activity. Arrows indicate wind 

direction.  



IOD relationship to ENSO 
• While the IOD operates in the Indian Ocean, it has some relationship 

to ENSO in the Pacific.  

 

• Positive and negative IOD events can influence the effect of ENSO 

on Australian rainfall.  

 

• For example, having both a negative IOD and La Niña conditions 

has historically further increased the likelihood of heavy rainfall 

across the continent 

2006- severe droughts/forest fires 

over the Indonesian /Australian 

region 



IOD Impacts in 2006 



Seasonal and annual trends were calculated over two periods:  

• long term           1910-2005  

• Medium term     1950-2005 

In the Central region, since 1910 there have been : 

• significant increases in spring and annual rain days and 

extreme rainfall intensity (95th percentile). 

 

• significant decreases in spring and annual rain per rain day 

and the proportion of rainfall from extreme events. 

Trends in rainfall indices central region  



Trends in rainfall indices 

During spring, the Western Tablelands showed a decrease in rain per  rain 

day over the period 1910-1930 and an increase over the period 1970-2005, most 

likely due to heavy-rain events. No significant changes were detected in the 

West region.  

 

  In the Southwest, annual total rainfall has significantly decreased by 21 mm 

per decade since 1910 and  by  24 mm per decade since 1950. These declines 

were accompanied by  decreases in rain days and extreme rainfall indices.  

 

 In the Eastern, Coastal region since 1950, there has been a significant 

decrease of almost 55 mm per decade in annual total rainfall, along with 

decreases in rain days and extreme rain, particularly in summer and winter. 

 

  In the Southeast, a significant decrease in annual total rainfall of 20 mm per 

decade since 1950 stems mainly from decreases during autumn. Generally, the 

direction of changes in extreme rainfall is consistent with changes in the mean. 



Seasonal  Rainfall 
Prediction Tools 



CYCLIC WEATHER  PATTERNS 

 SOI  

Southern  Oscillation Index 

PDO 

Pacific Decadal Oscillation 

IPO 

Inter-decadal pacific oscillation 

IOD 

Indian Ocean Dipole Southern 

ONI/SOI 

Oceanic Niño Index  

SAM 

Southern Annual Mode 

ACW 

Antarctic Circumpolar Wave 



La Nina and Pacific Decadal Oscillation Cool the Pacific  

Places where the 

Pacific was cooler 

than normal are 

blue, places where 

temperatures were 

average are white, 
and places where the 

ocean was warmer 

than normal are 

red.  December 2010 SST anomalies - NASA's  

(ENSO)? 





 PDO - Pacific Decadal Oscillation 

• Negative Phase:  1950’s - mid 1970’s (La Niña like) 

• Positive Phase:  Mid 1970’s - 1990s (El Niño like) 

Mid 1970’s - 1990s 

 (El Niño like) 

Mid 1950’s – Mid 1970s 

 (La Niña like 



Oceanic Niño Index (ONI) 
SST departures from average in the Niño 3.4 region 

Three month running mean values of  SST departures 

El Niño:   

  ONI ≥  +0.5°C 

 

 La Niña: 

  ONI ≤  -0.5°C 



3-Month Niño Region 3.4 Average
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Impacts of CO2 and Ozone on 

Australian Rainfall 



Ozone Hole (chlorofluorocarbons) 

Will get worse until 2068 

Ozone hole in 2006 - 

 biggest in known history - 

29mil sq. km  



Southern Antarctic Mode” Breakdown Effect 

• Stopping the cold pools of  air 

from the Antarctic  

• Traditional” upper air Lows have 

disappeared since 1980 

• “Traditional” cold fronts are 

shifting south – losing strength 

over our land mass= less rainfall. 



Response of surface temperature 
Impact of  carbon dioxide  Impact of  ozone  

DJF 1993-2003 cooling over Eastern Australia due to CO2 

effect (left) and an opposite effect when O3 effect (right) is 

added  



Impacts of CO2 and Ozone on Global 

Rainfall for 1993-2003 NDJFM period  

CO2 and Ozone have produced significant impacts on historical rainfall in 

   eastern Australia. 

Model simulations indicate that CO2 has acted to slow the decline in observed 

   rainfall over the last decade. 

while ozone has caused to intensify the trend over eastern Australia  



TROPICAL METEOROLOGY 



Australia’s life line 

Research suggests: 

Tropics Expand as World Warms— Climate change has caused the tropics to 

widen by between 2 and 4.8 degrees latitude since 1979, with possible 

impacts on the global food supply. 



Liquid water in top 2 meters of soil  

Valid time 13 May 2010 

May 2010 



Centimetres 

Liquid water in top 2 meters of soil  

Valid time: Fri 13 May 2011 

May 2011 



% Irrigated compared to precipitation 



Extreme Weather Events are Projected to Increase 

• Higher maximum temperatures; more 
hot days and heatwaves over nearly all 
land areas (very likely)  
 

• Higher minimum temperatures; fewer 
cold days frost days and cold spells over 
nearly all land areas (very likely) 

• more intense precipitation events over 
many areas  (very likely) 

 
• Increased summer drying over most 

mid-latitude continental interiors and 
associated risk of drought (likely) 

• Increase in tropical cyclone peak wind 
intensity, mean and peak precipitation 
intensities (likely) 

Increased mortality in old people in 
urban areas 
Damage to crops 
Heat stress on livestock 

 
 Extended range of pests and diseases 
 Loss of some crop/fruit. 

 
 

Reduced rangeland productivity, 
increased wildfires, decreased 
hydropower 
 

 Damage to various ecological and 
socioeconomic systems 

Projected changes during the 21st century Examples of impacts 

Σ[(TDMAX – TDMIN) + (TMMAX – TMMIN)] 

Temperature variability index for the full growing season 

 



Convective Available Potential 
Energy (CAPE) 

1. Amount of energy available to 

a surface parcel that has 

reached its Level of Free 

Convection (LFC). 

2. A positive CAPE value 

indicates upward vertical 

motion. 

3. A negative CAPE value 

indicates downward vertical 

motion. 

4. CAPE values should be 

monitored daily when there is a 

potential for severe weather. 

5. Values >1000J/kg but less than 

2500J/kg are associated with 

severe thunderstorms. 

6. Values >2500 are associated 

with tornadic activity. 

A schematic depiction of  the spectrum of  storm and storm system types within a 

CAPE/shear parameter space. Labeling indicates approximate location of  storm type 

in CAPE/Shear space 



Trend in mean Temperature 1910-2010 ( C/10yrs) 



Trend in mean Temperature 1970 -2010 (C/10yrs) 



Annual Mean Temperature Anomaly Australia 



Trend in warm days 1970 -2012 (% C/10yrs) 



Trend in hottest day 1970 -2012 (deg C/100yrs) 



Trend in coldest night 1970 -2012 (deg C/100yrs) 



Temperature variability index for the 

full growing season 

 
Σ[(TDMAX – TDMIN) + (TMMAX – TMMIN)] 

 
Where TDMAX and TDMIN  are the average daily maximum and minimum, 

 

TMMAX = average highest max Temp  

TMMIN  = average lowest min Temp, for each of the 7 months of the season. 

 

The  narrower the range of variation about a given mean or average ripening 

temperature, the greater the grape flavor, aroma and pigmentation will be at a given 

time of ripening and sugar level. 



NSW vine-growing Regions with 

temperature Oct to April 

average mean 

Source: John  Gladstones 

NSW 



NSW 

VIC 

TAS 

Source: John  Gladstones 



W.A 

S.A 

Source: John  Gladstones 



The relationship between $/tonne and MJT is shown here for the variety 

cabernet sauvignon. 

 



Global Percentage carbon dioxide  Emission 

Sources worldbank 



photo: Paul Neiman 


