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1. INTRODUCTION 

In the last 30 years in Australia there have been tremendous achievements in managing and reducing 
urban water demands.  The introduction of pay for use water pricing and demand management 
programs implemented by water utilities and customers have reduced water demands in some places 
to levels not seen for over 40 years, in spite of high levels of population growth during that period (Figure 
1).  In the case of the Greater Sydney water supply service area, this has been achieved by reducing 
per capita water demands to levels not seen since pre-second World War levels (Figure 2). 
 
Future climate change will be next major challenge in the management of urban water demands.  Global 
climate change models predict rising temperatures and evapotranspiration levels, with less certainty for 
outcomes for precipitation.  These climate changes will almost certainly place upward pressure on water 
demands.  The expansion of our major cities with population growth will also increase the urban heat 
island effect, which will put additional pressure on water resources.  This paper presents the modelling 
results from a number of urban communities around Australia where the impact of climate on water 
demands is quantified and the results extrapolated to climate change scenarios.  Urban water uses are 
then examined in the context of these climatic drivers and the implications for our future demand 
management, urban water management and urban design are discussed.  The paper outlines an 
integrated water management approach that aims to reduce demand in climate-driven water uses, 
substitutes supply sources that are less dependent on climate outcomes and employs improved urban 
design and water management approaches to reduce urban communities’ dependence on water for 
cooling. 
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Figure 1 - Historical Water Use and Population - Greater Sydney 

 

 

Figure 2 - Historical Water Use (Total and Per Capita) - Greater Sydney 
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3. METHODOLOGY 

3.1. Overall Approach 

The approach to this analysis is shown in Figure 3.  In the first step, multi-variable regression 

models of per capita water demand are calibrated for two short baseline periods in each set of 

bulk per capita water projection records.  In each city’s case, the first of the two periods has 

been selected for a period of relatively stable bulk demand record that is: 

 

1. Free of water restrictions; and 

2. Prior to the introduction of formal demand management programs. 

 

The periods chosen, plus the most recent record available to represent current demand are 

shown in Table 1.  Regression model results are provided in Table 2 and Table 3. 

 

 

Figure 3 – Overall Methodology 
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Table 1 – Pre and Post Demand Management Demand Regimes Used 

City Period 1 – pre-
demand 

management 
programs 

Period 2 – Current 
Demands 

Darwin 2007 to 20091 2016 to 2017 

Sydney 1998 to 2002 2015 to 2016 

Brisbane 1999 to 2001 2015 to 2016 

Melbourne 1995 to 1997 2016 to 2017 

Canberra 1999 to 2001 2015 to 2017 

 

Table 2 – Regression Model Results 

City Calibration 
Start 

Calibration 
End 

Model R2 Model F 
Statistic 

Darwin 2007 2009 0.932 2,993.2 

Darwin 2016 2017 0.939 2,224.2 

Sydney 1998 2002 0.623 753.3 

Sydney 2015 2016 0.647 332.3 

Brisbane 1999 2001 0.776 942.8 

Brisbane 2015 2016 0.3752 86.9 

Melbourne 1995 1997 0.896 1,878.8 

Melbourne 2016 2017 0.868 952.5 

Canberra 1999 2001 0.837 1,396.4 

Canberra 2015 2017 0.847 1,515.7 

 

Table 3 – Modelling Results - Independent Variables 

City Calibration 
Start 

Calibration 
End 

Intercept Soil 
Moisture 

Index 

Maximum 
Temperature 

Rainfall FAO56 Weekday 
Index 

Darwin 2007 2009 79.752 -112.287 5.739 5.797 4.695 4.763 

Darwin 2016 2017 8.237 -97.243 3.754 1.655 4.319 5.904 

Sydney 1998 2002 27.546 3.890 3.707 17.746 2.659  

Sydney 2015 2016 4.373 2.739 10.032 1.355 2.230  

Brisbane 1999 2001 79.752 -34.157 5.535 -12.175 14.620  

Brisbane 2015 2016 21.166 -9.672 7.871 -4.731 1.720  

Melbourne 1995 1997 56.752 -33.144 5.287 -7.097 25.419 6.448 

Melbourne 2016 2017 243.644 -23.374 3.445 -5.939 16.728 12.256 

Canberra 1999 2001 46.482 -31.627 13.829 -3.740 11.736  

Canberra 2015 2017 53.924 -35.400 16.877 -3.155 4.256  

 
1969 was chosen as the last year in the stationary climate regime on the basis of the visual inspection 
of historical and forecast temperature trends (Figure 4).  This is slightly problematic, because changes 
in climate regimes published are relative to a 1996 to 2005 baseline.  As there appear to have been 
some change in climate between 1969 and the 1996 to 2005 baseline period, this analysis may slightly 
under-estimate the climate change impacts.  Nonetheless, the analysis does provide some useful 
insights. 
 

                                                 
1 Darwin was not exposed to the Millennium Drought and commenced a formal demand management program 

later than the other cities. 
2 The model R2 for Brisbane is low to the elimination of the bulk of the seasonal demand from the demand 

record due to the success of demand management programs. 
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Figure 4 - Historical and Forecast Trends in Annual Temperature 

 
The multi-variable regression model predicts daily fluctuations in water demand over each calibration 
period (Figure 5).  The approach used is a short baseline methodology previously outlined in  (Beatty, 
2009). 
 

 

Figure 5 – Example Regression Model Calibration - Brisbane 
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3.2. Demand Management History – Australian Urban Water Consumption 

Urban water demands in Australia traditionally grew in an un-managed fashion until the 1980’s.  Since 
that time there have been three significant changes that have led to more managed water demand 
regimes.  These are: 

• The implementation of “pay for use” water pricing in the 1980’s and 1990’s - when most water 
utilities moved away from their property value-based charging systems and implemented 
volumetric charges; 

• The implementation of the first demand management regimes from the mid to late 1990’s; and 

• The significant enhancement of demand management programs and regulatory regimes during 
the millennium drought in the first decade of the new millennium. 

 
In addition to these active demand management initiatives, there have been other factors that have 
contributed to reduction in per capita demands.  These include increased residential housing densities 
and the decline in water-using heavy industry.  At each stage there were significant reductions in both 
the seasonal uses of water and in the overall level of per capita use.  By way of example, this is reflected 
in the per capita water demand record of Metropolitan Melbourne (Figure 6).  A visual inspection of this 
and other records, it is clearly apparent that changes in per capita demand associated with demand 
management efforts have brought a reduction on both the base level of use and the amplitude of 
responses to seasonal climate.  This reduction in seasonal responses will most likely results in a 
reduction in the demand responses to future climate changes. 
 

 

Figure 6 – Trends in per capita Water Demand – Metropolitan Melbourne 

 
In this paper, the focus will be on the changes achieved by overall demand management programs, 
including those associated with the Millennium Drought. 

3.3. Climate Change Forecasts 

The investigations into the impacts of climate change make use of seasonal climate change forecasts 
available by natural resource management region from Climate Change in Australia (CSIRO and Bureau 
of Meteorology, 2017).   
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In these projections there are four Representative Concentration Pathways (RCPS) which are indicative 
of different levels of mitigation.  These are: 
 

• RCP8.5 - a future with little curbing of emissions, with a CO2 concentration continuing to rapidly 
rise, reaching 940 ppm by 2100. 

• RCP6.0 – lower emissions, achieved by application of some mitigation strategies and 
technologies. CO2 concentration rising less rapidly (than RCP8.5), but still reaching 660 ppm 
by 2100 and total radiative forcing stabilising shortly after 2100. 

• RCP4.5 - CO2 concentrations are slightly above those of RCP6.0 until after mid-century, but 
emissions peak earlier (around 2040), and the CO2 concentration reaches 540 ppm by 2100. 

• RCP2.6 - the most ambitious mitigation scenario, with emissions peaking early in the century 
(around 2020), then rapidly declining. The CO₂ concentration reaches 440 ppm by 2040 then 
slowly declines to 420 ppm by 2100). 

 
The NRM regions utilised in the forecasts are shown in Table 4 with an example median forecast shown 
in Table 5.  In each case the median forecast outcome from the Coupled Model Intercomparison Project 
Phase 5 (CMIP5) models has been used.  

Table 4 - Climate Change Forecasts Utilised 

City NRM Regio 
Forecast 

Darwin Monsoonal North 

Sydney East Coast 

Brisbane East Coast 

Melbourne Southern Slopes 

Canberra Murray Basin 

 

Table 5 – Example Median Climate Change Forecasts – East Coast 

Season Change in 
Maximum 

Daily 
Temperature 

(oC) 

Change in 
Maximum 

Daily 
Temperature 

(%) 

Change in 
Rainfall (%) 

Change in 
Evaporation 
(%) 

Summer 0.893 3.5% -4.9% 3.7% 

Autumn 0.727 3.6% 0.2% 4.5% 

Winter 0.627 4.4% 0.1% 4.5% 

Spring 0.715 3.6% -3.3% 4.1% 

 

4. RESULTS 

4.1. Overall Changes in per Capita Demands 

While this paper will examine the changes in the sensitivity to future climate change 

scenarios, however there have been significant demand management efforts in each city, 

which have reduced demand.  The regression modelling approach used to assess the impacts 

of climate change also generates a climate correction to be applied to demand data so that the 

climate-normalised trends can be examined.  These climate normalized changes in demand 

are shown in Table 6. 

 

It should be noted that in each case, the demand regimes are unique and dependent on local 

climate regimes, demographics and the commercial and industry base.  Per capita demand 

levels cannot be compared across different cities without taking account of these factors. 
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Table 6 – Pre and Post Demand Management Demand Levels 

City Period 1 – pre-
demand management 

programs (L/c/d) 

Period 2 – Current 
Demands (L/c/d) 

% Change 

Darwin 1,028 (2007 to 2009) 931 (2016 to 2017) -9.4%3 

Sydney 420 (1998 to 2002) 290 (2016 t 2016) -30.8% 

Brisbane 494 (1999 to 2001) 259 (2015 to 2016) -47.7% 

Melbourne 411 (1995 to 1997) 250 (2016 to 2017) -39.2% 

Canberra 514 (1999 to 2001) 307 (2015 to 2016) -40.3% 

 

4.2. Sensitivity of Demands to Future Climate Change 

The results of the analysis of sensitivity to future climate changes are shown in Figure 7 to Figure 11 
below.  In each case, two charts are shown, the left-hand side being the pre-demand management case 
and the right-hand side being the post demand management case.  In all cases, demand management 
regimes have brought about noticeable reductions in the percentage changes under future climate 
conditions.  When coupled with the reductions in absolute demand already achieved between the two 
sets of demand regimes, the additional resistance to climate change influences is highly significant.  The 
results for Sydney are reasonably consistent with previous work undertaken by the NSW Office of Water 
(NSW Office of Water, 2010). 
 
Nonetheless, significant increases in water demand are still likely under future climate change scenarios 
as shown in the right-hand side charts, given that the forecasts are generally for hotter, drier climate 
conditions and that there is still climate-dependency in the demand.  These increases will put additional 
pressure on water resources. 
 

 

Figure 7 - Predicted Changes in Demand – Darwin - 2007-2009 and 2016-2017 Demand Regimes 

 

                                                 
3 Some portion of the demand reduction in Darwin occurred prior to the implementation of the demand 

management program in 2013.  It is not clear at this stage what triggered the demand reduction prior to the 

commencement of the program. 
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Figure 8 - Predicted Changes in Demand – Sydney - 1998-2002 and 2015-2016 Demand Regimes 

 

 

Figure 9 - Predicted Changes in Demand – Brisbane - 1999-2001 and 2015-2016 Demand Regimes 

 

 

Figure 10 - Predicted Changes in Demand – Melbourne - 1995-1997 and 2011-2013 Demand Regimes 
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Figure 11 - Predicted Changes in Demand – Canberra - 1999-2001 and 2015-2016 Demand Regimes 

 

5. IMPLICATIONS FOR DEMAND MANAGEMENT PROGRAMS 

The time series analysis of water demands undertaken indicates a significant reduction in seasonal 
water uses, which in turn leads to the reduced sensitivity to climate change impacts.  This shows that 
demand has hardened significantly in all areas, which in turn means that future demand reductions that 
target outdoor residential uses will be more difficult to achieve. 
 
Demand management reductions have been achieved to date through a range of programs.  These 
include: 
 

• Water pricing reforms 

• Community education – including the introduction of new rules for water use 

• Water system leakage reduction 

• The use of alternative water sources such as recycled wastewater and harvested stormwater 
and rainwater 

• Retrofit and rebate programs 

• Commercial and industrial water use efficiency programs 
 
That said, if the forecast climate changes are accurate, it is likely that we will see some of the change 
achieved eroded.  If the changes in regional temperatures are amplified by the urban heat island effect 
(which seems likely), then this could put additional upward pressure on demands.  In this situation, a 
broad spectrum of integrated management options to improve outcomes for demands will be important 
(Figure 12) 
 
Demand management and education initiatives will remain important.  Targeting non-climate driven 
demands for water will also be important to offset forecast changes in future climate-driven demands.  
There is still scope for improving the reliability of water using fixtures, appliances and processes to 
reduce water consumption and leakage, and smarter water distribution system monitoring is capable of 
lowering detection limits and reducing repair lead times for water system leaks. 
 
The substitution of alternative water sources for irrigation and cooling tower uses will be particularly 
important.  In the drier climates, where rainwater harvesting will make a lesser contribution, the use of 
reclaimed wastewater will be important. 
 
Retaining urban stormwater in the urban landscape to increase evapotranspiration will play a key role 
in mitigating at least some of the urban heat island effect, as will reducing the dependence on water for 
cooling through improved building design. 
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Figure 12 – Countering Climate Change with Reductions in Water Use 

6. CONCLUSIONS 

There is a general consensus among climate scientist and their modelling predictions that the continued 
growth in the atmospheric levels of greenhouse gasses will lead to hotter and drier conditions.  These 
conditions will result in upward pressure on urban water demands  
 
The demand management efforts and the reductions in water demand achieved during the previous 30 
years have resulted in water demand regimes that are far less sensitive to the impacts of future climate 
change.  Nonetheless, ensuring future water security for urban communities in Australia will require an 
adaptive approach where demand management, source substitution and mitigation options are actively 
considered and implemented. 
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