	
	


	
	



4
Theory and results for basecase models of Melbourne and Perth
The results for the basecase models of Melbourne and Perth, and some insights in to the underlying economic principles, are presented in this chapter. The basecase model has flexible pricing. The results presented here are for the historic version of the model in each city. The discussion in this chapter describes the economic principles guiding pricing, efficient investment in new sources of supply, and storage in the model. 

The results are based on the 10 year time horizon with three possible inflow states in each period: high, medium and low. Each model has over 59 000 inflow scenarios and more than 88 000 nodes with investment, storage and consumption variables at each node.
4.
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Pricing

Economic efficiency requires that price is set where the marginal value that consumers place on a unit of a good or service is equal to the marginal cost of supplying an additional unit. The marginal cost of supply is also known as the marginal opportunity cost, equivalent to the value of the best alternative foregone (Ng 1987; Lane and Littlechild 1980). Water should be supplied up to the point that the value consumers place on the last unit of water produced is equal to the marginal cost of supplying it.

This section sets out the nature of the relationship between costs and prices as defined in the model, and outlines the key pricing principles embedded in the model. It also contains a description of how prices are determined in the model and how they relate to investment in augmentation of supply capacity.

Key cost and pricing principles

The linear programming model is specified using the quantity formulation of spatial and temporal price models (Takayama and Judge 1971). As such, all the variables in the model are quantities, such as the quantity of water demanded by end users or the number of desalination plants constructed. 

Prices in the model arise in two ways (box 
4.1):

· the exogenously specified objective function coefficients of variables

· the Lagrangean variables for each constraint in the model, which represent the (shadow) prices that are endogenously determined.

The structure of key exogenous and endogenous prices are set out in table 
4.1. The pricing embodied in the model can be interpreted as those that would result from an efficient market for water. 
Table 4.

 SEQ Table \* ARABIC 1
Structure of key prices and welfare functions in the basecase model

	Exogenous prices and welfare functions

	· Linearised welfare function for each class of demand

	· Unit cost of reticulation/transmission of water

	· Variable operating (unit) cost for supply from each source

	· Fixed annual maintenance cost for each source of supply

	· Investment cost for each new source of supply

	· Linearised welfare function for the value of water in the terminal period of each inflow scenario

	Endogenous prices

	· Retail price of water

	· Volumetric rent for each source of water, which arises when the price received for each unit of water supplied exceeds the short-run operating cost of the supply source. This rent contributes to the recovery of the investment cost and any rent attributable to constraints on the capacity size of the source

	· Capacity rent that arises when the scope for further expansion of a supply source is constrained

	· Price of water in the terminal period of each scenario


The linear demand function (and its integral — gross social welfare from consumption) is exogenously set (as calibrated in chapter 3). The retail price is the value of the Lagrangean variable on the retail demand–supply commodity balance constraint, and is the derivative of the gross welfare function with respect to quantity consumed (which is also the demand price for the quantity consumed). 

Do not delete this return as it gives space between the box and what precedes it.
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 SEQ Box \* ARABIC 1
Pricing concepts in a linearised partial equilibrium model

	The linearised partial equilibrium model is a linear programming model and general linear programming theory can be used to illustrate the pricing concepts. The generalised linear programming model is as follows:
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Where 
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 are the technological coefficients in the constraints and bj are the resource availability constraints. 

The Lagrangean for the problem is given by:
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Where 
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 are the endogenous prices (Lagrangean multipliers associated with the constraint).

The Karush–Kuhn–Tucker maximisation conditions are as follows
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	Source: Baumol (1977).

	

	


There are exogenously set costs for reticulation, transmission and the operating costs of water supply from each source. The retail price less the reticulation, transmission and operating cost (per unit of water supplied) is the volumetric rent paid for water from each source. This price is the value of the Lagrangean variable for the constraint on supply of water from each source. 

The volumetric rent makes a contribution to the recovery of the investment costs of the source of supply and an additional capacity rent if the size of the augmentation is constrained.
In order to bring about the market equilibrium, prices in the model are fully flexible (on an annual basis). In many cases, the retail price exceeds the short-run marginal cost of water from existing sources of supply. When this occurs, a rent accrues to bulk suppliers of water (price received exceeds short-run operating cost).

If the expected rents exceed the discounted cost of supply of the next least-cost new source of supply, supply augmentation takes place (section 
4.2). Put another way, supply augmentation occurs if the expected present value of future rents exceeds the investment cost of the next supply source. On an expected value basis, investment costs are recovered through the volumetric charge for water, even investment and ongoing, annual maintenance costs (which are not directly tied to supplying the marginal unit of water). However, this does not mean that in all rainfall scenarios the investment costs are recovered. 
Given that the unit cost of successive augmentations are increasing, even in the efficient equilibrium there are economic rents accruing to the capacity constrained bulk sources of supply (Ng 1987). The efficient operation of the market involves the full capacity utilisation of lower-cost supply sources first, meaning that those sources can accrue rents (if they are fully utilised and become constrained). Further, as demand grows over time, and new, more expensive supply augmentations are chosen, the long-run marginal cost of water increases.
Long-run marginal cost pricing is a forward looking concept, influencing the timing and choice of investments and their capacity utilisation. However, in the economically efficient equilibrium, once an investment is built, the investment costs are sunk. At this point, water supply decisions are made on the basis of short-run marginal cost. 
This underlying theoretical base includes many of the building blocks to derive the economic principles embodied in the concept of scarcity pricing, a term used widely in discussion of water pricing policy and the real options or adaptive approach to supply augmentation (WSAA 2008a). In fact, it is the mathematical programming framework being used here that was originally used by Steiner (1957), Williamson (1966), Pressman (1970),and Littlechild (1970) to derive the theory of peak-load pricing (section 
4.2 and box 
4.3).

Across the full range of inflow scenarios modelled, flexible pricing leads to prices that can vary significantly depending on realised inflows. During a series of wet years, prices move downwards to the short-run marginal operating cost of supplying and distributing water from the lowest cost sources of supply. On the other hand, an extended series of dry years leads to higher prices (above the short-run marginal operating cost). 
The expected price in the Melbourne historic model remains below $1.40 per kilolitre, and in 90 per cent of scenarios, prices remain below $1.70 (table 
4.2). Prices range between a minimum of $0.45 and a maximum of $5.89. However, the probability of these extreme scenarios is low. For example, the maximum price path has a probability of less than one in 50 000.

The expected price in the Perth historic model is $0.87 per kilolitre. The average price remains below $0.96 and in 90 per cent of scenarios, prices remain below $1.65 (table 
4.3). Prices range between a minimum of $0.22 and a maximum of $8.70. Results depicting scenarios for both Melbourne and Perth, including price paths, can be seen in section 
4.3.
Table 4.

 SEQ Table \* ARABIC 2
Distribution of retail prices in the Melbourne modela
$/kL

	Year
	Minimum
	5th
percentile
	10th 
percentile
	25th 
percentile
	Mean
	75th 
percentile
	90th 
percentile
	95th 
percentile
	Maximum

	
	
	
	
	
	
	
	
	
	

	Yr01
	1.05
	1.05
	1.05
	1.22
	1.24
	1.22
	1.44
	1.44
	1.44

	Yr02
	0.95
	1.08
	1.08
	1.08
	1.29
	1.45
	1.45
	1.84
	1.84

	Yr03
	0.87
	0.97
	1.11
	1.12
	1.34
	1.45
	1.64
	1.87
	2.20

	Yr04
	0.81
	1.00
	1.08
	1.15
	1.40
	1.44
	1.80
	1.92
	5.56

	Yr05
	0.76
	1.00
	1.03
	1.15
	1.43
	1.43
	1.89
	2.20
	3.93

	Yr06
	0.72
	0.97
	1.06
	1.16
	1.45
	1.42
	1.89
	2.18
	4.00

	Yr07
	0.64
	0.93
	1.04
	1.20
	1.45
	1.38
	1.81
	2.16
	4.40

	Yr08
	0.45
	0.95
	1.03
	1.16
	1.45
	1.52
	1.70
	2.19
	4.56

	Yr09
	0.45
	0.94
	1.01
	1.18
	1.45
	1.56
	1.70
	2.29
	5.27

	Yr10
	0.45
	0.94
	1.01
	1.10
	1.46
	1.68
	1.68
	2.68
	5.89


a(The number of outcomes in each year are given by n = 3yr. In the first year of the model, there are three outcomes. In the second there are nine, in the third 27. This means that the percentiles for the early years are based on a small number of outcomes (table 3.1).
Source: Modelling results — Melbourne historic model. 

Table 4.

 SEQ Table \* ARABIC 3
Distribution of retail prices in the Perth model

$/kL

	Year
	Minimum
	5th
percentile
	10th 
percentile
	25th 
percentile
	Mean
	75th 
percentile
	90th 
percentile
	95th 
percentile
	Maximum

	
	
	
	
	
	
	
	
	
	

	Yr01
	0.59
	0.59
	0.59
	0.69
	0.72
	0.69
	0.91
	0.91
	0.91

	Yr02
	0.56
	0.59
	0.59
	0.59
	0.77
	0.97
	0.98
	1.25
	1.25

	Yr03
	0.52
	0.56
	0.59
	0.59
	0.83
	0.94
	1.22
	1.67
	2.26

	Yr04
	0.50
	0.56
	0.59
	0.60
	0.89
	0.95
	1.65
	1.83
	4.24

	Yr05
	0.47
	0.56
	0.59
	0.61
	0.96
	0.89
	1.31
	2.48
	8.70

	Yr06
	0.43
	0.55
	0.59
	0.60
	0.86
	0.92
	1.09
	1.47
	4.60

	Yr07
	0.32
	0.53
	0.57
	0.59
	0.88
	0.90
	1.28
	1.67
	5.77

	Yr08
	0.32
	0.53
	0.54
	0.59
	0.90
	0.91
	1.46
	1.67
	5.77

	Yr09
	0.40
	0.54
	0.55
	0.58
	0.91
	0.99
	1.54
	2.02
	6.36

	Yr10
	0.22
	0.58
	0.58
	0.61
	0.92
	0.69
	1.59
	2.85
	8.11


Source: Modelling results — Perth historic model. 
The highest prices in both applications generally occur in the driest scenarios. There are several reasons for this. First, only a limited quantity of water is available from relatively low-cost options for additional supply, so additional water needs to be supplied from higher cost sources. Second, investment decisions are based on expected values across the range of future inflow scenarios. Even after several dry years, most future scenarios will involve some periods of higher future inflow, reducing the benefits from an investment made at an earlier point in time. This is analogous to intertemporal peak-load pricing, whereby incremental capacity costs are recovered from consumption in future dry years, but not in wet years. This means that in many scenarios, additional capacity will not be built as, despite periods of short-run scarcity, the investment would not break even on an expected value basis. Finally, most new supply options take several years to construct, so the investment decision needs to be made several years in advance, further increasing the cost of augmenting supply.

4.

 SEQ Heading2 2
Investment, pricing and cost recovery in supply augmentation
Investment theory in the model is forward looking. Supply augmentation takes place if the expected present value of future net revenue streams is at least equal to the cost of the investment. In these situations, the gross benefit that consumers derive from the water an investment supplies exceeds the sum of costs, on an expected value basis. This concept is illustrated in box 
4.2, based on the scenario tree shown in figure 2.1 (chapter 2). There are a variety of characteristics that influence the expected benefit–cost ratio of an investment, including the cost and reliability of supply, the time lag to construction, and the minimum plant size (where augmentations are of an indivisible size).
Do not delete this return as it gives space between the box and what precedes it.
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 SEQ Box \* ARABIC 2
Investment and pricing

	Drawing on the scenario tree in figure 2.1 (chapter 2) assume a four year time horizon with 2 states of nature in each year, implying a total of 30 nodes (2 in the first year, 4 in the second, 8 in the third and 16 in the fourth) and 16 individual inflow scenarios. The example benefit–cost ratios detailed below are for an investment decision made in year 1, node 1 (a high inflow state), with a 1 year lag on production (so that production is available in year 2):
Ex ante benefit–cost ratio
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Ex post benefit–cost ratio (for each realised scenario)
Consider the first scenario (nodes 1, 3, 7 and 15) with the investment decision in node 1 and subsequent production in nodes 3, 7 and 15.
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At each point that an investment is made, the ex ante expected ratio of benefits to costs is greater than or equal to one. Each investment decision has its own ex ante expected return. Figure 
4.1 shows the frequency of benefit–cost ratios for investments in the Melbourne and Perth historic models.

Figure 4.

 SEQ Figure \* ARABIC 1
Distribution of ex ante benefit–cost ratios of rural–urban trade investment in Melbourne and a low cost aquifer in Perth
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Source: Modelling results — Melbourne and Perth historic models. 
Figure 
4.1 indicates that in many cases, the expected benefits will be in excess of the costs associated with an investment. This is due to capacity rents. Each investment option has a maximum capacity that can be supplied. When capacity is constrained, the price consumers are willing to pay for the constrained supply exceeds the long-run marginal cost for that technology and capacity rents accrue to the asset (section 4.1).

For rural–urban trade in Melbourne, the investment has an average expected benefit–cost ratio of 1.29. For the low-cost aquifer investment made in Perth, the expected benefit–cost ratio is 1.10.
Once a supply augmentation decision is made, the investment cost is sunk, and it is efficient for supply decisions to be made on the basis of short-run marginal cost. Investment decisions are irreversible, and the returns to the asset vary with the realised inflow states and market clearing prices in each scenario. This implies that any given decision is unlikely to be optimal (ex post) for a specific realised inflow scenario compared with the situation where the future was known with certainty (Kall and Wallace 1994).
Figure 4.

 SEQ Figure \* ARABIC 2
Example of the frequency of ex post benefit–cost ratios for a rural–urban interconnection investment in the Melbourne model
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Source: Modelling results — Melbourne historic model.
Figure 4.

 SEQ Figure \* ARABIC 3
Example of the frequency of ex post benefit–cost ratios for a low-cost aquifer in Perth
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Source: Modelling results — Perth historic model.

Ex post, individual investments have benefit–cost ratios less than one, and some greater than one. Even in the presence of binding capacity constraints (and the corresponding capacity rents), individual investments can still have a benefit–cost ratio less than one if the market clearing price is greater than the operating cost of the plant (short-run marginal cost), but still lower than the price required to cover the investment cost. Figures 
4.2 and 
4.3 show examples of the distribution of the ex post returns for an illustrative investment decision in Melbourne and Perth respectively.
Although unit rents can provide benefit–cost ratios in excess of unity, these are not the same as monopoly rents. The prices that bring about market clearance in the model describe an efficient market, and assume bulk suppliers are not exploiting market power. These capacity rents reflect the limited water available from certain lower cost sources of supply. Some scenarios with benefit–cost ratios greater than unity are required to offset other scenarios for which the benefit–cost ratio is less than one, so that the ex ante benefit–cost ratio is in excess of unity. Examples of the capacity rents paid under different scenarios can be seen in figures 
4.4 and 
4.5. Note that some of the scenarios have a very low probability of occurring.
This highlights the riskiness of investments in bulk water infrastructure. There is a significant variation in the ex post returns that a given investment can have, even when the expected, ex ante returns are positive. The risk associated with investments in the modelling is driven solely by inflows which, it is assumed, are uncorrelated with economywide returns. This means that the risk, as modelled, is solely project-specific risk.

Investment timing is sensitive to inflows, with investment occurring earlier in relatively dry scenarios. Some supply options offer a tradeoff between the cost of water supply and reliability of supply, and might only be worthwhile during particularly dry periods. For example, in some cases, desalination presents a relatively expensive source of water (with a significant time lag between the decision to invest and commencement of operation) but provides a guaranteed quantity of water that is not affected by rainfall.

Supply augmentation timing is complicated by the ‘lumpy’ nature of investments. The term lumpy has two meanings: 

· first, once built, investments are irreversible and have capacity to supply or produce over the remaining years in the planning horizon

· second, some investments have to be made in defined increments (modelled using binary variables).
Figure 4.

 SEQ Figure \* ARABIC 4
Capacity rents in Melbourne for three example scenariosa
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a This diagram does not separately identify the recovery of capital costs (investment costs plus return on investment).
Source: Modelling results — Melbourne historic model.

Figure 4.

 SEQ Figure \* ARABIC 5
Capacity rents in Perth for three example scenariosa
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a This diagram does not separately identify the recovery of capital costs (investment costs plus return on investment).
Source: Modelling results — Perth historic model.

This first consideration — that investments have capacity to supply water throughout the remainder of the planning horizon — has important implications for investment decision making. Investment decisions at a point in time have to be made reflecting the fact that an asset will continue to have productive capacity across a range of years and possible future inflow states. The joint production over different inflow states is analogous to the peak-load pricing problem discussed by Turvey (1968), Williamson (1966) and others. The approach has been explicitly acknowledged by Littlechild (1970) as an appropriate tool for estimating optimal prices in the presence of uncertainty:

[the theory of joint production] offers an interesting approach to pricing and investment under uncertainty, for equipment can be regarded as jointly providing capacity in different states of the world. (Littlechild, 1970, p. 331)
These concepts are illustrated in box 
4.3.

4.
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Storages

Water storages play an important role in smoothing consumption and the timing of investments. Melbourne and Perth both have a significant capacity to store water in their dams from one period to the next. Melbourne has the capacity to store nearly five years’ consumption while Perth can store about two. 

The economic theory of water storage is well documented. The benefits of water storage exist because of the high variability in inflows and the high costs associated with not having enough water in any one period (Brennan 2010). For example, it might be preferable to consume less water in one year in order to save some to consume next year, if there is a chance that there will be low inflows in future. 

According to Hughes, Hafi and Goesch (2009, p. 9), ‘[t]he essence of the water storage problem is to compare the marginal value of consuming water with the marginal value of storing water, where the marginal value of water in storage is equal to the expected marginal value of future water use’. Williams and Wright (1991, p. 51) describe this intertemporal price relationship when they say that ‘price in the current period should never be below the price expected for next period by more than the cost of storage; nor above it unless the total amount stored is zero’. Expectations about the variations in inflows in the future therefore determine the level of consumption and storage in each period. 

Do not delete this return as it gives space between the box and what precedes it.
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 SEQ Box \* ARABIC 3
Pricing for efficient capacity and its utilisation

	The investment theory in the model is based on the principles of peak-load pricing (applied intertemporally across states). Decisions to augment capacity are made at a point in time and are irreversible. Once a new supply source is constructed, it then has a fixed maximum supply capacity in all subsequent nodes, regardless of the state of nature. This joint production capacity across years and states means that the flexible prices implied in the model reflect peak-load pricing principles, which in turn drive investment decision making (size, timing) and capacity utilisation post-construction. 
The theory of peak-load pricing describes the optimal way to choose the capacity of a facility and price the output so that output is efficiently allocated over time. It applies where production is a joint output from a facility over time.
The stylised tableau below illustrates how joint production from a facility appears in the model, and draws upon the probability tree in figure 2.1 (chapter 2). The illustration contains a single production year, but is easily extended to a multi-period setting.
Variable
Invest
yr=1
n=1
Invest
yr=1
n=2
Supply
yr=2
n=3
Supply
yr=2
n=4
Supply
yr=2
n=5
Supply
yr=2
n=6
Right hand side
Row
Objective function
-c
-c
-vc
-vc
-vc
-vc
Max NSW
Investment capacity
yr=1, n=1

1

≤ 1

Investment capacity
yr=1, n=2

1

≤ 1

Supply capacity
yr=2, n=3
-cap
1
≤ 0
Supply capacity
yr=2, n=4
-cap
1
≤ 0
Supply capacity
yr=2, n=5
-cap
1
≤ 0
Supply capacity
yr=2, n=6

-cap

1

≤ 0

Investment decisions in year 1 (for nodes 1 and 2) create supply capacity in nodes that follow each of them in the scenario tree, regardless of the realised state of nature. In this way, the model contains joint production. For example, the investment in year 1, node 1 provides production capacity in year 2, node 3 and year 2, node 4. In this way, an investment might provide an expected, ex ante benefit–cost ratio greater than one, but still have a negative ex post ratio for some scenarios.
This tableau contains all the necessary elements to calculate the benefit–cost ratios described in box 
4.2. The unit rents are obtained from the Lagrangean variables attached to each supply capacity constraint, and the investment costs are found in the objective function. Investment capacity and quantity supplied are variables.

	Source: Turvey (1968); Williamson (1966).


More water is stored when the expected present value of future consumption is greater than the value of current consumption at the margin, and storages will be drawn down when the value of current water consumption exceeds the expected present value of future consumption. This relationship in the model is shown in box 
4.4. 
Do not delete this return as it gives space between the box and what precedes it.
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The economics of storage

	In each time period, the shadow price of water stored can be represented as:
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This relationship indicates that in non-terminal nodes, the price of storage is equal to the expected discounted price of water in the next period. There are two special exceptions to this: when dams are at capacity, the marginal value of water stored will be below the retail price; and in the terminal period, the terminal condition is used to provide a value for water in storage at the end of the planning horizon.

	Source: Commission model.

	

	


Storages in the model are driven by prices today and the future expected price of water, which are in turn driven by (and a driver of) investment. There is no penalty value for reducing storages beyond the foregone value of future consumption (box 
4.5). In this way, storages respond to future expected prices and augmentation decisions. Figures 
4.6 and 
4.7 show how storages interact with prices and investment timing in the models. 

Do not delete this return as it gives space between the box and what precedes it.
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A penalty for low storages

	In the model used for this inquiry, water storages are increased or drawn down with a view of maximising the expected net present value of consumption (both present and future). This does not reflect any additional disutility that policy makers might attach to the political risk associated with low levels of water storage.

One approach to internalise this type of risk averse behaviour by consumers and utilities would be to attach a ‘penalty’ in the objective function for low levels of water storages. This would be expected to proxy an increased imputed price of storage for any given level of storage, as seen below:
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This could be represented mathematically as either:

· a single penalty value associated with particular storage trigger levels, attaching a discrete cost to a set level of storage
· a penalty function, attaching increasing costs to successively lower levels of storage.

These approaches are analogous to the penalty value used in Hughes, Hafi and Goesch (2009). In their model, a penalty value is associated with an inability of the system to meet an ‘essential’ level of water demand. Given limited investment options, this is comparable to a storage penalty.

In practice, implementing a penalty for low levels of storages is difficult. In the absence of empirical evidence, the choice of the functional form and its calibration would be challenging. A low-storage penalty would also introduce further computational difficulties. Given the non-linear nature of the cost (varying with the level of storages), it would require linearisation of the storage variable (box 3.2, chapter 3). This would dramatically increase the size of the model.

	

	


Figure 4.

 SEQ Figure \* ARABIC 6
Water price, investment and storage in Melbourne for a given inflow scenario
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Source: Modelling results — Melbourne historic model. 

Figure 4.

 SEQ Figure \* ARABIC 7
Water price, investment and storage in Perth for a given inflow scenario
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Source: Modelling results — Perth historic model. 
Figure 
4.6 shows the results from an example scenario in the Melbourne model. In year 1, a low level of inflow is recorded. Despite this, storages increase due to the low level of initial water in storage. Medium and low inflows cause prices to rise in years 2 and 3, and the construction of the rural–urban interconnection begins. A high level of inflows causes a rapid fall in price in year 4, and the rural–urban interconnection has a poor financial performance in its first year (year 5). Throughout the remainder of the scenario, inflows are mid-level, causing a steady increase in storages. Prices slowly rise with the growth in demand. 
Figure 
4.7 shows the results of an example scenario in Perth. In year 2, low inflows and a drop in storages trigger investment in a low-cost aquifer (which is able to provide water in year 5). Although storages slowly increase for a few years, further investment is made in low-cost aquifers in year 4, which increases available aquifer capacity in year 7. Even with this added capacity, two dry years in a row result in a drop in storages and a price spike. With mid-level inflows, the storages increase slightly in the last period and the price drops.
4.

 SEQ Heading2 4
Aggregate (expected value) results

The expected level of storages, cumulative additions to supply capacity and prices for each time period for Melbourne and Perth are illustrated in figures 
4.8 and 
4.9. These are the sum of the probability weighted outcomes for these variables in each period. They are used in chapter 5 to summarise the impacts of policies modelled.

The expected outcomes are driven primarily by initial storages, mean inflows and population growth, and peak-load pricing to improve efficiency in investment and operation of new capacity.
Expected prices rise over the simulation period. On average, prices level off (for Melbourne) or decline (for Perth) when the bulk of new investments have been brought online (in the middle of the simulation period). Levels of water in storage are driven by the tradeoff between the present opportunity cost of supplying a unit of water, and the expected value of water in the future. 

Figure 4.

 SEQ Figure \* ARABIC 8
Expected water storage, investment in new capacity and prices in the Melbourne model
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Source: Modelling results — Melbourne historic model. 

Figure 4.

 SEQ Figure \* ARABIC 9
Expected water storage, investment in new capacity and prices in the Perth model
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Source: Modelling results — Perth historic model. 

�	The standard, capital asset pricing model (CAPM) indicates that if risk is project-specific and uncorrelated with market returns, then the premium attached to those investments should be zero (Brealey, Myers and Marcus 1984). 
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