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Abstract:  

Water resource managers and planners are continually involved in defining and evaluating 

alternative policies to better meet changing water supply conditions and the expectations of society. 

To undertake such long-term water supply planning, this study developed a novel integrated system 

dynamics model to combine economic, social and scientific variables and considerations within the 

planning horizon. Extensive sensitivity analysis for these variables was considered in this long term 

water resource planning process. The analysis suggests that over a longer time horizon, desalination 

provides a more viable, cost effective and secure bulk water supply alternative when compared to 

building large rain-dependent dams. 
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1. Introduction   

Security of water for urban cities is an increasingly complex issue for water planners. 

Water management and optimisation is considered to be one of the most important 

issues to be resolved as water demand and availability vary significantly from year to 

year (Kondili et al. 2010). Resulting from declining and increasingly variable surface 

water supply and growing water demand, many urban water utilities are 

contemplating or have already made additional investments in less rain dependent 

supply sources (Gao et al. 2014). This paper addresses the research question of 

determining the combination of rain dependent and rain independent water sources 

that most efficiently provides water security for a growing urban city. A Systems 

Dynamics Modelling approach which combines economic, social and environmental 

variables has been used to explore the sensitivity of water planning to specific 

variables. The Systems Dynamics Model provides a robust platform for demonstrating 

interactions between various factors over time (Sahin et al. 2014a; Sahin et al. 

2014b).  

A strength of this modelling approach is that the sensitivity of the model to the 

baseline assumptions can be explored. Our aim in this paper is to explore the 

sensitivity of the model to key assumptions, particularly those regarding economic 

variables such as the social discount rate and water supply variables such as the water 

security index. The water security index is an index of the ratio of water storage to 

annual usage. This measures the storage buffer available as a contingency for low 

rainfall years. The combination of economic, and environmental variables in the 

model reflect the interdisciplinary nature of the research. The aim of the sensitivity 

analysis is to provide policy-makers with in-depth analysis on the life cycle influence 

of key economic and environmental parameters on the performance of water 

infrastructure alternatives. Systems’ modelling incorporating sensitivity analysis 

ensures that more informed water infrastructure decisions are made in the context of 

long term water planning.    

The question being addressed is the most efficient means of attaining long term water 

security that is at minimum average cost. Incorporated in the analysis is the question 

of the preferred mix or trade-off of cost and security that planners feel meets the 

needs of the community, given uncertainty of water supply due to rainfall. Economic 

theory suggests that in long term water projections, the pricing of water should be 
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equivalent to the long run marginal cost of the provision of water. Hence, the aim of 

planning has generally been to secure water at lowest long run marginal cost. A 

limitation in striving to achieve this goal is the imperfect knowledge which is a 

feature of the preferences and the constraints of buyers and producers of urban water 

as well as policy-makers (Freebairn 2013). As discussed by Ghaffour et al (2013) 

there is a need to develop a structured and transparent procedure for water supply 

modelling which illustrates the sensitivity of results to economic parameter estimates. 

The modelling approach of this research builds on this literature by enhancing the 

information available to policy-makers with the aim of facilitating welfare 

maximising decisions when determining water infrastructure requirements and 

planning.   

The paper is structured as follows. Section 2 provides the background to the case 

study. The modelling is outlined in section 3, which includes, the underlying 

assumptions, results and sensitivity to particular variables. Section four discusses 

these findings and their implications for future water planning and section five 

concludes the paper.  

 

2. Background to the case study  

The millennium drought in south east Australia between 1997 and 2009 led to 

investment in rain independent water infrastructure in five Australian states (Downie 

et al. 2014). In Melbourne, which is a rapidly expanding city and the capital of the 

state of Victoria, the drought led to the decision to invest in a 150GL per annum 

desalination plant. The investment was part of a $A4.9 billion plan to secure water 

supplies in Victoria (Department of Sustainability and Environment 2007). With a 

population of over 4.2 million and current population growth of over 2% per annum, 

community pressure for security of water supply intensified. Hence, a critical aspect 

of this infrastructure decision was the desire for security of the water supply for the 

urban population. During much of this period the urban population experienced 

restrictions on the availability and use of water. The volatility of the water supply is 

evidenced by the fact that the standard deviation of the annual inflow for Melbourne 

reservoirs is about 45 per cent of the average annual inflow (Freebairn 2013).  
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The nature of this volatility of inflows in the model highlights the importance of 

including the water security index in the analysis and incorporating the significant 

difference between the two water options in terms of the degree of water security 

associated with different infrastructure decisions. 

Given that this investment has now been undertaken, there is a period of time before 

further water augmentation decisions need to be made. This provides the opportunity 

for reflection of past decisions and planning for the future by examining the issues 

associated with future water augmentation infrastructure decisions. A comprehensive 

analysis of future water augmentation decisions needs to include demand 

management, portfolio choice of additional investment in infrastructure, and the 

timing and scale of investment in additional supply. These issues are addressed in the 

following model.  

With current projections, particularly regarding population growth and climate 

variability, there is a looming gap between increasing water consumption and 

declining water supply in Melbourne. Hence the question arises as to the least cost, 

most achievable means of meeting these forecast future supply and security 

constraints.  

Rain dependent alternatives to supply augmentation generally come under two 

headings; the construction of dams to meet water requirements or extraction from 

groundwater and/or river water supplies. In the case of Melbourne, the latter option is 

not currently a realistic alternative, given constraints, including political,  on using the 

new pipelines for inter-basin transfers. Thus we have only canvassed the building of 

dams as a viable rain dependent future water supply for Melbourne. The viability of 

future dams raises issues such as site availability and environmental impacts and costs 

and these issues are discussed in section four.  

There are two main rain independent alternatives to supply augmentation; investment 

in desalination and demand management policies such as water restrictions. Research 

into the willingness of consumers to pay for security of supply suggests that 

households have significant preferences and willingness to pay to have security of 

water supply and to avoid the imposition of water restrictions (Gordon et al. 2001; 

Hensher et al. 2006; Brennan et al. 2007; Grafton and Ward 2008; and Cooper et al. 

2012). Willingness to pay to avoid restrictions is shown to increase with the severity 
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and duration of restrictions and may be as high as half the current water bill and, as 

expected, varies considerably between households. In terms of long term water 

demand and supply, restrictions are not a viable long term alternative for meeting 

impending water shortages as it is not feasible that demand could be sufficiently 

reduced to meet constrained supply levels. Similarly, the price elasticity of demand 

for water is too low for price mechanisms to be applied to reduce demand by the 

required magnitudes. Hence, this paper focuses on comparison of the predominate 

rain dependent long term water supply option for Melbourne – the construction of 

dams and, the viable rain independent alternative- the construction of desalination 

capacity. The limitations associated with this approach are discussed in Section 4.  

3. Modelling  

3.1 Baseline assumptions  

The Systems Dynamics Modelling used in this study provides a robust platform for 

analysing the interactions between variables influencing water demand and supply, 

and for exploring the sensitivity of the results to the economic, social and 

environmental assumptions. It is a powerful tool for informing policy-makers seeking 

to undertake long term planning of water supply augmentation decisions and has been 

used for long term planning in a range of fields. (For a summary see Sahin et al. 

2014.)  
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Figure 1: The System Dynamics model: key variables and their causal relations

 

 

Systems Dynamic Modelling is a powerful methodology and computer simulation 

modelling approach which can be used for exploration of different options and 

understanding the long-term implications of management decisions. The system 

diagram used in this project for analysing the water resource planning situational 

context for Melbourne is illustrated in Figure 1. The systems dynamic model 

simulates current and future water supply and demand by considering the effects of 

factors such as population growth, climate triggered variability in water supply and 

the potential portfolio mix of rain-dependent dams and rain-independent desalinated 

water supply.  For this analysis, the systems dynamic model was built using Vensim® 

DSS (Ventana Systems, 2012) with assumptions for parameters and responses drawn 

from available literature and a range of experts from academia, private consulting 

firms and government water agencies. The status quo model parameter inputs for the 

case study city of Melbourne are summarised in Table 1.  

The population estimate of 4.25 million is based on Australian Bureau of Statistics 

estimates of Melbourne’s population as at June 30, 2012 (ABS Population 2012). A 
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default conservative rate of population growth of 1.25% has been used based on 

estimates from the Victorian government (State Government of Victoria 2011). Based 

on historical usage patterns water use is assumed to be 250 litres per person per day, 

with 150 litres being based on residential use and 100 litres based on non-residential 

use (Melbourne Water Authorities 2012). The current dam water supply capacity is 

1,812 GL (Australian Bureau of Meteorology 2014) and the current Wonthaggi 

desalination plant capacity is 150 GL per annum. Although the major dams supplying 

Melbourne are near full capacity as a result of a few consecutive years of normal 

rainfall, in the last decade it reached a low of approximately 30% of full capacity.  

Construction and operation of desalination plants require substantial investments and 

vary region to region (Dawoud 2005). Accordingly, the cost of desalinated water 

depends upon many factors such as desalination method, the energy source, the water 

salinity and the size of desalination plant (Karagiannis and Soldatos 2008). From a 

cost perspective, in this paper, the capital cost of building desalination capacity is 

assumed to range from $A1.2 billion in 2013 dollars to $A3.5 billion depending on 

plant size, which has been varied from 50GL to 150GL p.a. For a 100 GL plant, the 

cost is assumed to be $A2.4 billion. These estimates are based on recent desalination 

investment costs in Australia (Productivity Commission 2011) and have been indexed 

to assume price increases of 2.5 % per annum. A default scale of potentially modular 

investment in desalination of 50GL has been used in the initial scenarios, and 

sensitivity to this assumption is included in section 3.5.  
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Table 1: Baseline values for Melbourne water supply and demand 

Variable Baseline Values 

Population - current 4.25 million 

Population growth rate % Varying from -2.5 to 2.5 

Default = 1.25% 

Current water use per capita 250 L/p/d (Litres/person-day) 

(150 residential/100 non-residential) 

Dam capacity – current 1,812 GL 

Desalination capacity - current 150 GL 

Desalination capital costs Varying from $A1.2b - $A3.5b1   

Default = $A 1.2b1  

Desalination operation costs 0-$182m1 

(Depending on water order) 

Dam capital costs2 Varying from $A 1b to $A 5b1 

Default = $A1.7b1 per 100GL 

 Dam operation costs $A0.10 - $A0.301 

 Model time bound 100 year 

Time interval of simulation 1/4 year 

Water security index3 Varying 1 to 6 

 

Social Discount rate % Varying from 1.5 to 5.5 

Default value = 3.5% 

Size of  new desalination  Varying from 50 to 150 

Default value = 50 

Size of new dam  Varying from 50 to 150 

Default value = 100 

Notes 
1
Australian dollars (0.9685USD = 1.0 AUD average for 2013 prices) 

2
Moran (2008) 

3
The water security index is the annual demand divided by the accessible storage capacity 
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The assumed size of new dam capacity also varies from 50 GL to 150GL with a 

default capital cost of $A1.7 billion per 100GL. This assumption is based on estimates 

of dam construction recently undertaken in Queensland (ABC 2006), and estimates of 

the cost of new dams for Melbourne. According to Sinclair Knight Merz (SKM) 

(2005) the cost of a new dam duplicating the current Thomson facility on the Mitchell 

River was an estimated $A1.35 billion and the reported costs of the sugarloaf scheme 

$A1.65 billion.  The baseline capital cost assumption for investment in new dam 

water capacity is considered to be conservative, given the restrictions on land 

availability within catchments, which is only likely to become more severe with the 

pressures of population growth and competing demand for water use within 

catchments.  

Operating costs for desalination are varied depending on the extent to which water 

sourced from desalination is used in the water portfolio. Recent cost decreases in 

desalination due to improvements in technology have enhanced the viability of 

desalination as a water supply option. In this analysis, further per unit cost reductions 

have not been assumed, even though this is possible. For water sourced from dams, 

operating costs are dependent on piping costs and estimates have been based on 

current costs. However, these are likely to increase as reductions in land availability 

may increase distances between water supply and population, therefore increasing 

piping and pumping (energy) costs.  

The time period for the analysis was selected to be 100 years and the modelling 

indicates how the optimal water portfolio mix changes over time. It is acknowledged 

that during such a long time span, possible policy reforms, social developments and 

changes in economic and environmental conditions are likely to occur. For this reason 

the 100 years is seen as a time bound and the results are presented in a continuous 

form where changes in the key variables during the time period and at intervening 

times can be analysed.  

 It is essential for comparison of costs and benefits over time that future benefits and 

costs are discounted to allow comparison in terms of net present value. This 

acknowledges that there is both an opportunity cost of capital and that the community 

may have preferences about the timing of costs and benefits.  To explore the 

sensitivity of the analysis to the choice of discount rate, the results with the discount 
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rate varying between 1.5% and 5.5% are shown. These rates are consistent with the 

variance in the rates used for long term analysis of climate policies (See Scarborough 

2011).  

The final variable for which assumptions need to be made is the water security index.   

As indicated, this index reflects the ratio of water storage to annual usage and the 

storage buffer required against low rainfall years. It has been estimated that for 

Australian cities this index varies between one and six, with six indicating that to 

maintain reliable water supply, water storage capacity needs to be six times annual 

usage to provide reliability of supply given climate variability (Marsden Jacobs, 

2006).  In 2006, it was estimated that the water security index for Melbourne was 

three. We have explored the sensitivity of the model to the index varying between one 

and six and have reported results with an index of three and four1. 

Given these baseline assumptions, the first column of Table 2 shows the additional 

water storage capacity that would be required for Melbourne over the next one 

hundred years. The results show that under the baseline assumption, Melbourne 

would be forecast to have sufficient water supplies for the next forty years, after 

which investment in additional water infrastructure would need to be made. The 

assumptions for economic and population growth are conservative in the baseline 

model suggesting that additional capacity requirements are likely to be higher and 

arise sooner than this estimate.   

3.2 Sensitivity to water security index 

In order to explore the sensitivity of the model to individual assumptions we have 

explored the influence on the model of varying specific assumptions. In each case, all 

variables other than the variable being analysed have been held constant.  

 

Freebairn (2013) suggests a Lancaster (1971) model of product characteristics be 

applied in determining decision strategies for infrastructure investment. This approach 

incorporates security of supply as a component or attribute of consumer water demand 

functions. Increasing water security increases consumers’ utility from water and 

consumers’ are aware that greater security of supply comes at an additional cost. 

                                                           
1 A consideration in judging security is access to river supplies, as in Adelaide where pipelines from the River 
Murray have enabled Adelaide to have secure water by drawing on the much larger Murray-Darling Basin 
supplies. 
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Hence, the analysis in this paper includes a water security index reflecting the ratio of 

water storage to annual usage and the storage buffer required against low rainfall 

years. 

 

Table 2: Additional storage capacity required under baseline scenario to 

maintain water security (GL) 

Year Additional storage required (GL) 

Water security index: 3 

Population growth 

1.25% 

Water security index: 4 

Population growth:  

1.25% 

Water security index: 4 

Population growth:  

2% 

Current  

Year - - - 

5 - - - 

10 - - - 

15 - - 180 

20 - - 345 

25 - 162 525 

30 - 316 874 

35 - 482 1,215 

40 - 660 1,401 

45 158 820 1,808 

50 312 989 2,187 

55 312 1,170 2,693 

60 477 1,323 3,065 

65 656 1,483 3,683 

70 815 1,829 4,137 

75 984 2,015 4,889 

80 1,164 2,211 5,443 

85 1,476 2,523 6,360 

90 1,645 2,860 7,212 

95 1,822 3,038 8,153 

100 2,007 3,414 9,191 

 

 

The additional storage capacity required is particularly sensitive to assumptions 

regarding the water security index.  Under the baseline scenario, it is assumed that the 

future supply will rely on rain dependent supply and there will be no new desalination 

capacity investment. In Table 2, the sensitivity of future water requirements to 

assumptions regarding the water security index is illustrated with comparison of 

projected water shortfalls with a water security index of 3 and a water security index 

of 4 (columns 1 and 2). The range for this index is based on estimates by Marsden 

Jacobs (2006) of water security indices for Australian capital cities. As previously 

indicated, a water security index of 3 is based on the water demand level (per person) 
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in 2006. If the 2013 water demand figure is used, this ratio would be 4 which is likely 

to be a more realistic assumption. This reflects the fact that drought proofing has 

always been a major justification for investment in water supply capacity in Australia. 

If the water security index if assumed to be 4, which we consider more realistic, 

additional capacity would be required in 25 years’ time, rather than the forty years’ 

time result with a water security index of 3.  This clearly illustrates the sensitivity of 

the model to the assumption regarding the water security index. In either case, these 

results illustrate the need for long term planning, to meet the challenges of likely 

water shortfalls between demand and supply. With a water security index of 3 the 

total additional water supply required over the 100 year period is likely to be an 

increase in capacity of approximately 2,000 GL and if the water security index is 

assumed to be four, this rises to 3,400 GL.   

The forecast future water shortages show that in the absence of long term water 

supply augmentation planning, water shortages are likely to occur. The magnitude of 

the shortages is such that demand management strategies are not a likely viable option 

for addressing the future imbalance between water demand and supply. There is also 

evidence to support the argument that the implementation of water restrictions to 

manage water demand is not economically efficient and can impose substantial 

welfare losses (Grafton and Ward 2008). 

3.3 Sensitivity to population growth forecast 

The population growth forecast for the baseline scenario is based on the State 

Government of Victoria’s (2011) long term projection of 1.25% growth per annum. 

Given the one hundred year period for this analysis, this is considered an appropriate 

assumption. However, current figures indicate that Melbourne’s population is growing 

at 2.2% per annum (ABS 2014). For this reason we have explored the sensitivity of 

the future water supply requirements to the population growth rate assumption. As 

shown in column three of Table 2, if the population growth rate is 2% per annum, 

Melbourne will require additional water capacity in fifteen years and the size of the 

shortfall between demand and current capacity rises by 170% to over 9,000 GL. 
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3.4 Sensitivity to the social discount rate  

Economic theory suggests that to incorporate inter-temporal changes and inter-

generational equity into a decision-making framework, the future costs and benefits 

should be discounted and compared in present value terms. However, there is 

considerable debate in the literature about the appropriate social discount rate and this 

is reflected in a divergence of approaches in practice. Reviews on discounting issues 

are provided, for example, in Gollier (2012) and Scarborough (2011).  

Despite extensive literature and debate, the choice of social discount rate remains 

unresolved and long term planning decisions are influenced by social discount rate 

assumptions. This is particularly apparent in the case of water resource planning 

where the timing and size of large infrastructure investments influences analysis of 

water supply alternatives. 

Figures 2, 3 and 4 show the sensitivity of the results of the comparison of water 

supply augmentation costs between dam construction and investing in desalination 

capacity to assumptions regarding the social discount rate. (Table A1 in the Appendix 

provides the values for these graphs.) This analysis is based on the status quo 

assumptions outlined in Table 1 and a water security index of 4.  The impact of social 

discount rates of 1.5%, 3.5% and 5.5% have been explored. The Australian 

government recommends a social discount rate of 7% with sensitivity analysis at 3% 

and 11% (Department of Finance 2007). However, given the longer time horizon, 

lower rates have been used in the sensitivity analysis. This is in line with the literature 

which suggests that lower discount rates are more appropriate over longer time 

horizons (see, for example, Weitzman 1998). There is also literature to suggest that 

lower social discount rates are more appropriate for public projects given the lower 

risk and diversity of risk profile associated with public sector investments (For 

example, Tietenberg and Lewis, 2012). 

As expected, the higher the assumed social discount rate, the lower the present value 

of the costs of both dam construction and building desalination capacity. With a 1.5% 

discount rate, the present value of investment costs over the 100 year period are 

$A36.3 billion (2013 dollars) for dam costs compared to $A22.4 billion for 

desalination costs (Figure 2). This can be compared with present value costs of 

$A13.7 billion for dam costs and $A10.1 for desalination costs with a 3.5% social 
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discount rate; and $A6.2 billion for dam costs and $A6.0 billion for desalination costs 

with a 5.5% social discount rate (Figures 3 and 4).  

In each case, in the short term, the cost of desalination investment in water supply 

augmentation is higher than the cost of dam construction, however over the longer 

time horizon, the cost comparison changes in favour of desalination. With a 1.5% or 

3.5% social discount rate desalination becomes the more favourable option after 35 

years and with a 5.5% social discount rate after 50 years. The lower the assumed 

social discount rate in the analysis, the more favourable the investment in desalination 

becomes. As anticipated, the analysis is influenced by the timing and scale of new 

infrastructure decisions. 

Figure 2: Comparison of water supply augmentation costs with 1.5% social 

discount rate. 
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Figure 3: Comparison of water supply augmentation costs with 3.5% social 

discount rate. 

 

 

 

Figure 4: Comparison of water supply augmentation costs with 5.5% social 

discount rate.  
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3.5 Sensitivity to the scale of capital investment  

Comparison of the costs of supply augmentation through dam construction or 

desalination is also sensitive to the timing and scale of the investment in augmentation 

of the water supply. Clarke (2013) highlights this issue as a choice between flexibility 

and scale. Building a smaller scale plant has the advantage of not tying up large 

amount of capital, however the trade-off is the loss of scale economies in constructing 

a large-scale plant.  

Table 3 details how the cost comparison between dam construction and desalination is 

influenced by the size of the desalination plant investment. For Table 3 the assumed 

social discount rate is 1.5%. The net present values (NPV) have been calculated using 

Equation 1:  

 𝑁𝑃𝑉(𝑖, 𝑁) = ∑
𝐶

(!+𝑡)𝑡
𝑁
𝑡=0        (1) 

 Where; t is the time horizon, i is the social discount rate, and C is the cost.  

 

The ability to augment supply as water scarcity arises by “blocks” of increased 

desalination capacity as a method of supply augmentation has intuitive advantages as 

it requires more frequent, but smaller investments. However, this analysis is highly 

dependent on the social discount rate applied in calculating net present value 

comparisons. With a 1.5% discount rate, the net present value of investment in 

desalination capacity to meet the water requirements over the one hundred year period 

is lower if the investment is made in 150 GL blocks of increased capacity than in 

smaller 50 GL desalination investments. With a higher discount rate this result 

changes as it is advantageous to bring investment expenditure forward.  

  

http://en.wikipedia.org/wiki/Discount_window
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Table 3: Water supply augmentation costs sensitivity to size of desalination 

plant (Billion $A) 

 

 

3.6 Sensitivity to land availability   

A further concern regarding the baseline assumptions is the capital and operating 

costs associated with providing additional dam capacity. The feasibility of securing 

new dam sites in Victoria that can feasibly service the Melbourne populace, is limited. 

Moreover, with strong population growth in the city and surrounding regional areas 

expected over the coming decades, the difficulty in securing land for a dam 

diminishes, and where feasible, the costs to procure such land will escalate. Land 

 Dam size 

50Gl 

 Dam size 

100Gl 

 Dam size 

150Gl 

 Plant size 

50Gl 

 Plant size 

100Gl 

 Plant size 

150Gl 

Base 0.06       0.06       0.06       0.05       0.05       0.05       

5 0.34       0.34       0.34       0.53       0.53       0.53       

10 0.62       0.62       0.62       3.28       3.15       1.11       

15 0.90       0.90       0.90       4.06       3.93       1.65       

20 1.17       1.17       1.17       6.43       6.29       4.72       

25 3.88       3.88       3.88       6.91       6.77       5.18       

30 7.51       7.51       7.51       8.27       7.37       7.93       

35 7.77       7.77       7.77       8.83       7.90       8.53       

40 13.65     13.65     13.65     9.31       8.35       9.04       

45 13.91     13.91     13.91     11.25     10.24     9.71       

50 14.17     14.17     14.17     12.57     12.07     10.41     

55 22.66     22.66     22.66     12.91     12.42     10.74     

60 22.91     22.91     22.91     13.36     12.86     11.15     

65 23.16     23.16     23.16     15.15     14.66     13.32     

70 23.40     23.40     23.40     16.27     15.33     13.96     

75 23.64     23.64     23.64     16.86     15.89     14.49     

80 35.41     35.41     35.41     18.64     18.00     16.21     

85 35.64     35.64     35.64     19.08     18.44     16.63     

90 35.88     35.88     35.88     20.71     19.73     18.18     

95 36.10     36.10     36.10     21.09     20.10     18.55     

100 36.33     36.33     36.33     22.42     21.70     19.85     

NPV of Dam Cost NPV of Desal Cost

Year
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availability, particularly of required catchment-size and quality, is increasingly 

limited.  Land costs are rising and environmental pressures increasing. For these 

reasons, we tested the sensitivity to a 1% or 2% per annum rise in the costs associated 

with using dams to meet future water shortfalls (Figure 5). The range of 1% to 2% for 

the sensitivity analysis was applied as the average of the Gross Domestic Product 

deflator, a measure of price rises, between 1990 and 2014 was 1.5% (ABS 2014). 

In the baseline scenario, the comparison between dam costs and desalination costs 

over the 100 years is $A36 billion compared to $A22 billion. With a 1% increase in 

dam costs the net present value of the dam cost rises to $A60 billion and with a 2% 

increase it rises to a net present value of $A104 billion.  

 

Figure 5: Sensitivity to increases in catchment costs for additional dam capacity 

 

  

 

4.0 Further discussion 

A key factor to be considered in this analysis is climate and rainfall variability. While 

rainfall projections impact water supply, temperature projections also have a 

significant impact on water demand with high temperatures raising demand. In the 

baseline model rainfall and temperature projections have been based on average past 

rainfall and temperatures.  Potential future variability in climate, temperature, and 
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rainfall levels have not been included in the modelling, although these could be 

incorporated. This modelling decision was made so that the sensitivity to the 

identified factors could be isolated and explored. While the introduction of the water 

security index to the model introduced the question of the security of dam water 

supplies at any time, it does not address the question of the timing of rainfall 

following dam construction. It is possible that a dam could be constructed and if this 

coincided with a drought, there may not be enough rain to fill the dam and it could 

take some time to achieve the desired water capacity.  

As well as climate impacts,  the annual per capita demand for water is also assumed to 

be a function of the water price and based on previous literature the elasticity of water 

demand applied in the model is assumed to be -0.5 (See for example, Olmstead et al. 

2007; Hoffman et al. 2006). In order to explore the sensitivity to the factors identified, 

pricing regimes have not been employed in the model to influence demand. But, as 

Sahin et al. (2014) have shown, a temporary drought pricing regime not only defers 

costly bulk supply infrastructure but also generates greater price stability and, if 

necessary provides financing capacity not generated through traditional pricing 

approaches.  

There is also the issue of uncertainty and a priori decision making. Previous 

investment in desalination has effectively provided a short term insurance policy for 

Melbourne, and a key question becomes the cost of future water insurance and the 

willingness of the community to pay for water security. The Productivity Commission 

Inquiry (2011) suggested that investments in desalination in Australia have achieved 

water supply security but at an excessive cost. However, this judgement depends on 

assumptions about the treatment of uncertainty and the willingness of the community 

to pay for water security. Clarke (2014) questions whether an estimated $A38 per 

capita, based on the Productivity Commission findings, may in fact be a reasonable 

cost for providing a rainfall independent secure source of water supply.  This analysis 

indicates that there is time for future planning and community discussion regarding 

desired levels of water security. It is a discussion which needs to occur.  

Also critical to this analysis is the possibility that land will not be available for dam 

construction. Clarke (2013) shows that if only a limited or zero stock of extra dams 

can be constructed, given the risk associated with dams subsequently being filled, “the 
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marginal utility of water (its scarcity value) will be high boosting the case for 

desalination.” 

The issue of technological change also needs to be addressed. Previous reductions in 

operating costs due to reverse osmosis and improved technology have increased the 

viability of desalination as a bulk water option. Whether such gains in efficiency can 

be extrapolated to the future and their impact on future decision-making is ambiguous. 

If it is thought that technology will continue to improve, this may contribute to a case 

for deferring new desalination investment to capture the advantage of future cost 

decreases (Clarke 2013). Conversely, rising energy costs could increase future 

desalination operating costs.  

And finally, the issue of water quality has not been addressed. In this analysis, water 

has been treated as a homogenous product, when in fact, desalination technologies 

have the ability to provide better quality water than can be provided from alternative 

sources.  

5.0 Conclusion 

In an environment of future uncertainties, this paper seeks to investigate the cost 

comparisons of long term water planning for a large urban city, Melbourne, where 

strong population growth and climate variability have strained current water supplies. 

The analysis suggests that over a longer time horizon, desalination provides a viable, 

cost effective and secure water supply alternative. The optimal extent and timing of 

new infrastructure is dependent on assumptions regarding the economic and social 

variables such as the social discount rate, the scale of infrastructure investment, the 

availability and price of land associated with dams and the level of water security 

desired by the community.  

Coastal Australian cities are exposed to long-term dry and wet weather cycles of 3-7 

years driven by El Nino and La Nina conditions in the Pacific Ocean. As revealed in 

this study, this characteristic means that the existing dam storages servicing the major 

coastal cities of the country, that were previously sufficient for the historically lower 

populations over the long dry periods, may be better supplemented by desalination 

expanded supply in the future. This will result in a more balanced and cost-effective 

portfolio of rain-dependent and rain-independent bulk supply solutions to service the 
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rapidly growing populations of these cities and also the increasingly variable climatic 

conditions. 
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APPENDIX  

Table A1: Water supply augmentation costs sensitivity to social discount rate 

 

 

NPV of Dam Cost ($AUD) NPV of Desalination Cost ($AUD) 

Time 
(year) 

Discount Rate 
1.5% 

Discount Rate 
3.5% 

Discount Rate 
5.5% 

Discount Rate 
1.5% 

Discount Rate 
3.5% 

Discount Rate 
5.5% 

0
0 

                  
57,312,192  

                  
56,204,712  

               
55,139,220  

                  
49,996,924  

                  
49,030,800  

               
48,101,304  

5
5 

                
341,762,656  

               
319,423,328  

             
299,253,024  

                
526,058,336  

                
490,550,176  

             
458,441,376  

1
10 

                
622,727,232  

               
555,248,448  

             
498,002,112  

            
3,284,401,664  

            
2,805,080,576  

         
2,409,687,296  

1
15 

                
900,248,640  

               
766,530,880  

             
659,816,896  

            
4,062,005,248  

            
3,396,381,184  

         
2,861,973,504  

2
20 

            
1,174,369,024  

               
955,824,896  

             
791,560,960  

            
6,429,423,616  

            
5,028,620,288  

         
3,995,545,088  

2
25 

            
3,877,362,176  

            
2,693,560,832  

         
1,918,479,872  

            
6,910,969,856  

            
5,328,434,176  

         
4,184,039,936  

3
30 

            
7,506,211,840  

            
4,791,942,144  

         
3,144,749,824  

            
8,267,327,488  

            
6,077,483,008  

         
4,602,610,688  

3
35 

            
7,770,377,216  

            
4,928,073,216  

         
3,215,849,728  

            
8,830,885,888  

            
6,367,404,032  

         
4,753,784,320  

4
40 

          
13,654,181,888  

            
7,626,275,840  

         
4,471,861,248  

            
9,309,306,880  

            
6,590,569,472  

         
4,859,473,920  

4
45 

          
13,911,912,448  

            
7,735,546,880  

         
4,518,991,360  

          
11,246,596,096  

            
7,421,900,800  

         
5,222,130,176  

5
50 

          
14,166,484,992  

            
7,833,445,376  

         
4,557,362,688  

          
12,565,633,024  

            
7,919,174,656  

         
5,413,283,840  

5
55 

          
22,663,292,928  

         
10,740,333,568  

         
5,572,515,840  

          
12,910,776,320  

            
8,040,193,536  

         
5,456,603,136  

6
60 

          
22,911,664,128  

         
10,818,915,328  

         
5,597,950,976  

          
13,356,292,096  

            
8,180,507,136  

         
5,501,824,000  

6
65 

          
23,156,989,952  

         
10,889,319,424  

         
5,618,659,328  

          
15,147,166,720  

            
8,706,179,072  

         
5,659,886,592  

7
70 

          
23,399,311,360  

         
10,952,396,800  

         
5,635,519,488  

          
16,272,797,696  

            
9,001,437,184  

         
5,739,382,272  

7
75 

          
23,638,663,168  

         
11,008,909,312  

         
5,649,246,208  

          
16,859,807,744  

            
9,140,212,736  

         
5,773,135,360  

8
80 

          
35,411,054,592  

         
13,528,897,536  

         
6,204,833,792  

          
18,642,391,040  

            
9,517,660,160  

         
5,855,502,336  

8
85 

          
35,644,579,840  

         
13,574,259,712  

         
6,213,933,056  

          
19,084,967,936  

            
9,602,953,216  

         
5,872,477,184  

9
90 

          
35,875,237,888  

         
13,614,901,248  

         
6,221,341,184  

          
20,707,639,296  

            
9,897,005,056  

         
5,927,557,120  

9
95 

          
36,103,069,696  

         
13,651,312,640  

         
6,227,373,056  

          
21,088,147,456  

            
9,957,619,712  

         
5,937,563,648  

1
100 

          
36,328,112,128  

         
13,683,935,232  

         
6,232,283,136  

          
22,420,559,872  

          
10,148,676,608  

         
5,966,004,224  

 

 

 


