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Policy scenarios and results
The purpose of developing the partial equilibrium model was to provide insight into the net benefits, pricing and supply implications of policy issues identified in the inquiry. As outlined in chapter 2, policies are modelled by modifying the basecase model. To quantify the impacts of policies, the solutions to the policy models are compared with the basecase model. The policies modelled include: 

· water restrictions

· policy bans and investment mandates on some forms of supply augmentation

· simulation of the impact of adopting a real options approach to planning and investment in supply augmentation
· uniform retail pricing of water over time.

As discussed in chapter 4, the basecase (market) model can be described as a flexible pricing model of demand and supply for urban water. Prices are allowed to adjust to bring about a market equilibrium that maximises the expected value of net social welfare (Marshallian consumer surplus plus producer surplus). 

Impacts of different policies on pricing and investment decisions can be examined by adding constraints to the market model (Pressman 1970; McCarl and Spreen 1980). The cost of policy interventions can then be estimated by comparing welfare in the basecase model with that of the policy constrained model. If the policy is binding, it distorts this market outcome and leads to a reduction in welfare compared with the basecase. Further, the partial equilibrium framework attaches a shadow price to every constraint imposed on the model (if it is binding), which provides information about the marginal costs (marginal reduction in net social welfare) of the binding policies.

The remainder of this chapter is divided into sections discussing each policy. Water restrictions are discussed in section 
5.1. Section 
5.2 examines policy bans and mandates on supply augmentation options, including a policy ban on the use of a recent investment. Section 
5.3 analyses the benefits of adopting a real options approach. Uniform retail pricing of water over time is discussed in section 
5.4. Section 
5.5 presents a summary of the impacts of the policies modelled. Each section provides a description of how each policy is modelled, followed by results for the Melbourne and Perth models. The ‘central estimates’ are based on the calibration of parameters outlined in chapter 3. Results from sensitivity analysis of key parameters (inflows and demand elasticities) are also included. Appendix C provides details of the ‘low and high’ parameters used for sensitivity analysis and contains results for sensitivity analysis of other, less important parameters. 
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Water restrictions
Water restrictions have been used widely throughout Australia during times of water scarcity due to drought. 
How are water restrictions modelled?
Water restrictions are modelled as a constraint on the maximum aggregate quantity of water that can be used outdoors. This means that water restrictions only apply to one of the three classes of demand included in the model. The impact of water restrictions in curtailing outdoor demand is calibrated to level 3a restrictions in Melbourne and a total sprinkler ban in Perth (see chapter 3 for details of the model calibration).
Water restrictions are triggered when storages fall below a specified threshold level. This is achieved using binary (integer) variables. The restriction binary variable has a value of 1 when the restriction is triggered and 0 when it is not. Whether or not a restriction is triggered at a point in time depends on storage levels at the end of the preceding period. An example of how restrictions are implemented in the model is presented in box 
5.1. 

The modelling framework approximates stated government policies regarding restrictions (DSE 2008). However, in the model used here, storage levels are influenced by price, consumption and investment in preceding periods. Therefore, in this model, restrictions can be avoided, and they are only triggered when the opportunity cost of avoiding them is higher than the cost to the community of triggering them. This means that the model optimally chooses when to allow storages to drop below the trigger levels. The simulation therefore is not modelling the actual scenarios in the past when restrictions were in place for a long time. Rather, it is optimising their use, conditional on the pre-determined trigger level of storage. 
In this model, restrictions are costly because the demand for outdoor water is reasonably inelastic and consumers place a high value on consumption. In some cases in this model, the net social welfare with a restrictions policy is lower than the basecase even though restrictions were not triggered. This is an example of taking action by modifying consumption (prices) and/or supply from other sources in order to avoid the high cost of triggering restrictions. 

	Box 5.
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Modelling water restrictions

	Modelling water restrictions requires the addition of three constraints and two binary variables (integer variables that can only have a value of zero or one) for each outdoor demand function. The stylised tableau illustrates how restrictions are modelled, and draws upon the linearised demand tableau in box 3.2.

Variable
D1t
D2t
D3t
Restt
(binary)
NoRestt
(binary)
Storaget-1
Right hand side
Row
Demand–supply

Q1
Q2
Q3
-1

≤ 0

Convex demand

1

1

1

≤ 1

Storage level trigger

SLT

-1

≤ 0

Binary constraint

1

1

= 1

Restricted demand

Q1
Q2
Q3
-RD

-UD

≤ 0

There are two binary variables representing demand, one when water restrictions are in effect (Restt) and one when they are not in effect (NoRestt). However, only one of these variables (Restt) is formally defined to be binary. As Restt is binary and the restriction/no restriction constraint is a strict equality, when Restt is zero, NoRestt must be one, and vice-versa. Defining NoRestt to be a positive, continuous variable (rather than binary) reduces the number of formally declared binary variables in the model, making it computationally easier to solve.

The logic of the approach is as follows:
· If NoRestt is 1 (Restt = 0), then there must be at least SLT units (GL) of water in storage in period t-1. In this case, consumption is unconstrained because the coefficient UD is sufficiently large so as not to restrict demand. However, the demand–supply balance constraint still ensures the demand for water has to be less than or equal to the quantity supplied from storage.

· If Restt is 1 (NoRestt = 0), then storage is below SLT and the demand for outdoor use must be less than RD units (the restricted level of demand). Once again, the demand–supply balance constraint ensures that the quantity demanded has to be less than or equal to the quantity supplied from storage.

	

	


Although this model captures water restrictions by imposing a quantity constraint, there are other ways that restrictions could have been incorporated into the model. For example, restrictions can be considered as a cost imposed on water users from having to comply with the rules, including time costs from watering only in specified blocks of time, or costs from not having a choice about watering lawns instead of gardens. 
Results

The welfare impacts of water restrictions for both cities (under a variety of parameter values) are presented in table 
5.1.
Table 5.
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Welfare costs of water restrictions over 10 years
Expected net present values ($m)
	
	Melbourne model
	Perth model

	
	Historic
	Present
	Historic
	Present

	Central estimate
	691
	765
	18
	39

	Sensitivity estimates
	
	
	
	

	Low inflows
	1 502
	860
	35
	80

	High inflows
	419
	779
	8
	17

	Low price elasticitya
	1 139
	1 308
	22
	48

	High price elasticitya
	445
	495
	16
	35


a Low and high elasticity describe the absolute value of the elasticity used for the simulations. The low elasticity is half of the central estimate, and the high elasticity is twice the central estimate.

Source: Modelling results — Melbourne and Perth historic and present models.

Estimates of the welfare impact of restrictions, as modelled, are a lower bound on their costs. The restriction is applied to aggregate demand and not individual consumer demand. In practice, a large part of the cost of restrictions comes from the fact that they apply to individual consumers (not in aggregate) regardless of the value individual users may attach to the use of water relative to other users. Further, restrictions target certain uses of water (most notably, watering of gardens and lawns) that might not be the least-valued outdoor use of water for many consumers. 
Restrictions are only turned on in 7.9 per cent of nodes for Melbourne and 2.6 per cent of nodes for Perth (historic central estimate). With flexible pricing, water scarcity can, in most cases, be dealt with more efficiently by increasing prices in earlier periods and increasing supply from new sources, rather than rationing demand through quantity restrictions. 
Expected storages are higher with restrictions. It is welfare enhancing to keep storages above the trigger level in order to avoid the high cost of restrictions. Figures 
5.1 and 
5.2 show the mean level of storages for the basecase and restriction simulations for both the Melbourne and Perth models.
Investment is brought forward with water restrictions, and more capacity is added (figures 
5.3 and 
5.4). This is done to facilitate higher storages and avoid the costs associated with restrictions. 

Figure 5.
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Expected storage levels for basecase and water restrictions models of Melbourne
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Source: Modelling results — Melbourne historic model.
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Expected storage levels for basecase and water restrictions models of Perth
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Source: Modelling results — Perth historic model.
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Expected investment in new supply capacity for basecase and water restrictions models of Melbourne
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Source: Modelling results — Melbourne historic model.
Figure 5.
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Expected investment in new supply capacity for basecase and water restrictions models of Perth
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Source: Modelling results — Perth historic model.
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Policy bans and mandates on select augmentation options
In both cities, there has been significant investment in capacity recently. In Melbourne, the Sugarloaf pipeline with an engineering supply capacity of 100 GL per year was completed in 2010, and a desalination plant with a supply capacity of 150 GL per year is due to come on-line in 2012. In Perth, a second desalination plant (50 GL per year capacity) is currently under construction and is expected to be available for production in late 2011. When this desalination plant was announced in 2007, the Water Corporation’s preferred plan was to use the south-west Yarragadee aquifer. However, the Western Australian Government made the decision to proceed with the second desalination plant (chapter 5 of the inquiry report). 

For each city these investment options were analysed using the historic version of the Melbourne and Perth models. For Melbourne, a mandate to build the desalination plant and the Sugarloaf pipeline was modelled. In addition, a ban on using the Sugarloaf pipeline was modelled in the present Melbourne model to quantify the costs of the current Victorian Government’s policy to restrict the use of the Sugarloaf pipeline for supply only in the event of a ‘critical human needs emergency’.
For Perth, the mandate to build the second desalination plant was modelled using the historic model, simultaneously with a policy ban on new large aquifers. This is compared to Water Corporation’s preferred alternative of building the south-west Yarragadee aquifer, and also to the optimal basecase. 
Modelling policy bans

The impact of a policy ban is estimated by comparing the basecase and policy constrained models. Policy bans are modelled by fixing the upper bound on the investment option to zero. The difference in the net social welfare between the two models is the expected value of the loss of welfare from the policy constraint. Policy bans on investment options result in sub‑optimal (loss of community welfare) decisions if they are binding by preventing the use of lower cost sources of supply. If lower-cost investments are not allowed, then prices adjust to ration limited water supplies and/or the next least costly investment is made. 

Modelling mandatory investment
Mandated options are modelled by exogenously fixing the supply augmentation variable to the mandated level, so that construction of these investments must begin in the first year of the simulation (upper and lower bounds set to the mandated level).
In a model like this one, forcing a sub-optimal investment does not lead to higher prices because the investment is exogenously determined (sunk) and it is socially optimal to price according to short-run marginal operating costs. In this model, long‑run marginal cost pricing (discussed in chapter 4) only applies when investment decisions are endogenous (investment is a variable). Consequently, the volumetric prices charged for water under sub-optimal mandatory investment scenarios do not recover all of the investment cost. 

If investment costs were required to be recovered through higher volumetric prices to consumers, an additional constraint would be required to enforce full cost recovery. However, this would be through a ‘Ramsey’ type pricing mark-up (a higher mark-up on the more inelastic demand — in this case, indoor demand), which minimises the loss in net social welfare of achieving cost recovery.
Ex ante and ex post assessments are made to check whether the investment recovers its capital costs over the planning horizon. Any loss incurred could be recovered through transfer payments in one of two ways:

· the revenue short fall could be recovered from an adjustment of the fixed part of a two-part tariff
· taxpayers in general could pay for the loss.
There could be further losses in net social welfare from the marginal cost of using these taxation instruments. Similarly, applying ‘Ramsey’ type prices or raising the valuation price uniformly across classes of demand would increase losses in net social welfare further.
Results
The discounted present value of the net social welfare loss associated with the decision to build both a desalination plant as well as the Sugarloaf pipeline for Melbourne is between $1526 million and $2154 million over 10 years, and between $2746 million and $3679 million over 20 years (table 
5.2) depending on modelling assumptions. The cost of not using the Sugarloaf pipeline in the present model is between $159 million and $512 million over 10 years, and between $229 million and $736 million over 20 years. 
For Perth, the mandate to build the second desalination plant and the ban on large aquifers results in a welfare loss of between $249 million and $282 million over a 10 year period, and between $468 million and $557 million over a 20 year period (table 
5.2). When compared to the alternative of building a high-cost aquifer, the mandate on desalination results in a welfare loss of between $51 million and $114 million over a 10 year period, and between $241 million and $335 million over a 20 year period. 
Table 5.
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Welfare loss from mandated investments and policy bans over 10 and 20 years

Expected net present values ($m)
	
	Melbourne model
	Perth model

	
	10 years
	20 years
	10 years
	20 years

	Welfare loss from mandated investments and policy bans relative to basecase (historic model)

	Central estimate
	1 978
	3 476
	267
	533

	Sensitivity estimates
	
	
	
	

	Low inflows
	1 526
	2 746
	249
	468

	High inflows
	2 154
	3 679
	282
	557

	Low price elasticity
	1 964
	3 472
	258
	523

	High price elasticity
	1 963
	3 449
	272
	546

	Welfare loss from mandated desalination relative to mandated aquifer (historic model)

	Central estimate
	..
	..
	73
	288

	Sensitivity estimates
	
	
	
	

	Low inflows
	..
	..
	114
	335

	High inflows
	..
	..
	51
	241

	Low price elasticity
	..
	..
	75
	287

	High price elasticity
	..
	..
	76
	296

	Welfare loss from banning use of Sugarloaf pipeline (present model)

	Central estimate
	217
	312
	..
	..

	Sensitivity estimates
	
	
	
	

	Low inflows
	512
	736
	..
	..

	High inflows
	159
	229
	..
	..

	Low price elasticity
	281
	405
	..
	..

	High price elasticity
	198
	285
	..
	..


.. Not applicable.
Source: Modelling results — Melbourne and Perth historic models.

Prices
For both Melbourne and Perth, prices are lower with mandated supply augmentation and policy bans compared with the basecase. 
For Melbourne, the expected price is about $0.40 per kilolitre lower over a 10 year period. If the cost of investments were recovered through the volumetric charge retrospectively, prices would be much higher and the loss in net social welfare would be higher because of the distortion in consumption. 

For Perth, the expected price is $0.76 per kilolitre and remains below $1.31 per kilolitre in 90 per cent of scenarios (prices are for the 10 year central estimate). The mean prices for policy bans are compared to the basecase in figures 
5.5 and 
5.6.
Consumers are better off from the forced investment as there is more water available that can be consumed at lower prices. The net social welfare losses are all on the supply side due to the lower prices that suppliers receive for their water (reduction in producer surplus). 

Figure 5.
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Expected retail prices under policy mandates and bans in the Melbourne model 
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Source: Modelling results — Melbourne historic model.

Figure 5.

 SEQ Figure \* ARABIC 6
Expected retail prices under policy mandates and bans in the Perth model 
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Source: Modelling results — Perth historic model.

Prices are higher in the present model for Melbourne when use of the Sugarloaf pipeline is banned compared with the basecase. This is because the marginal cost of a unit of water from the pipeline is lower than the marginal operating cost of the desalination plant. In many scenarios the marginal cost of water from the pipeline is below the resultant market price even when the marginal operating cost of desalination is above the market price.
Investment

For both Melbourne and Perth, the investment in desalination has an ex ante benefit–cost ratio less than one, indicating that it is not an efficient investment. For Perth, the ex ante benefit–cost ratio is 0.057 over 10 years and 0.035 over 20 years. The benefit–cost ratios are similarly small for the Melbourne simulations.
This is because the mandated investments remain unused in many rainfall scenarios, and even when they are used, they are rarely used at a capacity high enough to generate rents to recover the costs of capital. The operation of these plants most often falls in to one of three categories:

· the augmentations are not utilised at all when the retail price is below the marginal operating costs
· when the retail price exactly equals the marginal operating cost, the augmentation is used to supply water but does not earn rents that contribute to recovery of capital costs
· even when the plant is used to capacity and the price received is above marginal operating cost, the unit rent is insufficient to recover the capital cost associated with the augmentation.

In the Melbourne application, once the mandated trade and desalination augmentation have been built, there is no further investment. For some scenarios in the Perth model, additional investment is made in low-cost aquifers and the desalination plant upgrade. 
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Insights into real options or adaptive planning
Under a conventional approach to supply planning, a single supply augmentation plan is developed which best meets future inflow scenarios for a specified level for security of supply. As ACIL Tasman reported, supply planning of this nature is observed in many jurisdictions:

Source planning in many jurisdictions … is predicated on an approach that seeks an approximately least cost strategy under one assumed forward scenario regarding climate change and demand, coupled with stress testing to ensure that the strategy is robust enough to deal with the assumed ‘worst case scenario’. This typically means planning a strategy that is reasonably cost effective in relation to either the worst case scenario or a highly conservative, low inflow scenario. (ACIL Tasman 2007a, p. viii)
As outlined in chapter 5 of this inquiry report, making supply augmentation efficiently requires a sophisticated approach to dealing with uncertainty. Under a real options approach, there is no fixed plan, rather decisions are made over time depending on observed inflow outcomes. A real options approach considers all plausible future scenarios and seeks to achieve a least expected cost means of balancing supply and demand. This allows for greater flexibility in investment decision making (both the timing and type of investment), while still meeting the security of supply objective.

How a less flexible investment strategy is modelled

In order to obtain insights into the benefits of using a real options approach, a two‑stage model that contains a single, optimal investment strategy for all scenarios is compared with the basecase multi-stage model that contains an optimal investment strategy for each scenario. To isolate the benefits of a real options approach, a cost minimisation framework is used. This reflects current approaches to supply planning, and demonstrates the value of real options in the absence of demand responses. 
A cost minimisation model of each potable water supply system determines optimal investment and storage decisions to minimise the cost of running the system, for predetermined levels of consumption. This framework implicitly assumes that the demand for water is perfectly inelastic: regardless of the price of water, consumers demand the same quantity. Box 
5.2 provides a description of how the basecase model is converted to a cost minimisation model.

	Box 5.
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Converting a price endogenous model to a cost minimisation model

	The following steps convert the basecase price endogenous model to a cost minimisation model to meet fixed demands by end-users:
· delete the objective function terms for the areas under the demand curves for the quantities demanded by consumers

· fix the quantities demanded based on expected demand from the basecase model
· multiply the remaining objective function coefficients by minus one and solve the model as a cost minimising model.

The shadow price on the fixed quantities demanded now represent the expected discounted marginal cost of supply of the exogenously specified demands.

	

	


A two-stage model is solved to find the single, optimal investment plan that best meets all possible inflow scenarios. This single strategy has to be able to deal with all extreme scenarios, from the very wet to the very dry. This can be contrasted with the solution from a multi-stage model, which contains unique investment strategies for each scenario. This is analogous to the real options or adaptive management approach to investment decision making described by Borison et al (2008). 
The difference between the costs of the two-stage and multi-stage models gives insights into the value of a flexible or adaptive planning approach to investment decision making. The multi-stage model is able to achieve cost savings and efficiency gains by adjusting the timing and mix of investments to better meet changes in circumstances brought about by scenario-specific inflows.
Results
Expected net present value of cost to meet a given demand is lower under the multi‑stage model framework than the two-stage model (table 
5.3).
Table 5.
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Cost savings of a real options approach to planning over
10 years

Expected net present values ($m)
	
	Melbourne model
	Perth model

	
	Historic
	Present
	Historic
	Presenta

	Net present value of costs under a real options approach to planning

	Central estimate
	1 865
	2 374
	979
	836

	Sensitivity estimates
	
	
	
	

	Low inflows
	2 642
	3 363
	997b
	1 056

	High inflows
	1 403
	1 786
	743
	683

	Net present value of costs under a two-stage approach to planning

	Central estimate
	2 772
	3 151
	1 206
	969

	Sensitivity estimates
	
	
	
	

	Low inflows
	4 456
	4 838
	1 159b
	1 154

	High inflows
	1 715
	2 108
	969
	778

	Net present value of cost savings arising from a real options approach to planning

	Central estimate
	907
	776
	227
	133

	Sensitivity estimates
	
	
	
	

	Low inflows
	1 815
	1 474
	162b
	97

	High inflows
	312
	322
	225
	95


a For the Perth present model, the abstraction deficit on existing aquifers is reduced to avoid model infeasibility in the early dry years.  b The level of fixed demand is reduced for the low inflows sensitivity analysis for the Perth historic model (analogous to water restrictions being enforced) to ensure the model is feasible.
Source: Modelling results — Melbourne and Perth historic and present models.

Investment

Investment is brought forward in the two-stage model so that water can be supplied if a dry year occurs early in the planning period. The trade-off is that the expected capacity utilisation of the new capacity is low because capacity is installed for the worst case scenario, and consequently is under utilised in other scenarios. 
For Melbourne, the two-stage model solution has more investment than is required in a large proportion of scenarios. A large amount of rural–urban interconnection, desalination and tank capacity is created, more than is needed in all but the driest of scenarios. The multi-stage model meets the demand targets at lower expected cost by only investing in the extreme situations (although, this does require a higher level of investment in those situations).

This highlights that less flexible investment decision making leads to outcomes driven by a greater emphasis on worst case scenarios. In many scenarios, high costs are incurred for investments that are unused. For example, in the extremely wet scenario shown in figure 
5.7 (which has approximately the same likelihood of occurring as the worst case scenario that the investment plan accommodates), there is a large amount of excess capacity that is not utilised. In this wet scenario a multi‑stage investment planning process would have avoided supply augmentation.

Figure 5.
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Two-stage versus multi-stage investment planning in the Melbourne model
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Source: Modelling results — Melbourne historic model.
For Perth, in the two-stage model, the decision about how much capacity to build is taken in year 1 and comes on line in year 4 (figure 
5.8). Enough capacity is built to allow for the worst case scenario. If a more typical inflow pattern is observed (indeed, anything other than the worst case scenario), there will be excess capacity.
Figure 5.
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Two-stage versus multi-stage investment planning in the Perth model
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Source: Modelling results — Perth historic model.
In the multi-stage model, investment decisions are taken over time for scenarios of inflows as they evolve. This approach makes it possible to delay or even avoid new investment in capacity. Under a wet scenario, only a small amount of capacity is added. Under a ‘medium inflows’ scenario, investment in aquifers is initially low, but increases overtime in response to observed inflows. Further, the decision to invest in trade is delayed until year 6 (to come on line in year 9), and only a small amount of capacity is required. In a dry scenario, the decision to invest in aquifers and recycling is taken in year 1 (as was the case in the two-stage model). However, the investment decision in trade is not taken until year 2 (to come on line in year 5). A higher capacity is required relative to the two-stage model because waiting to invest means the existing aquifers and dams are drawn upon more heavily as the dry persists. However, the probability of the dry scenario occurring is low.
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Uniform retail pricing over time
Regulators and governments in Australia typically set prices for periods of time (approximately 3–5 years) based on estimates of long-run marginal cost (LRMC). There are a variety of approaches used to estimate LRMC prices, with the most prominent being ‘average incremental cost’ and ‘perturbation’ methods. Each of these methods require capital expenditure forecasts for a suitable investment planning horizon, typically 20 to 25 years (ESC 2005). 

How are uniform prices modelled?
The Commission’s basecase model uses flexible long-run marginal cost pricing (chapter 4). Therefore government LRMC pricing policies were approximated in the Commission’s modelling as a ‘smoothed’ retail pricing policy (box 
5.3). Uniform pricing policies have been previously modelled in a stochastic linear programming framework (for example Lane and Littlechild 1976, 1980). Uniform pricing over time is modelled by constraining retail prices to be the same for set periods of time (three years for Melbourne and four years for Perth). Although prices must be uniform over periods of time, the level of these uniform prices is endogenous — that is, the level of uniform prices are those that maximise net social welfare subject to the policy constraint. 
Figure 
5.9 is a representation of the uniform pricing structure in the model, with the price determined every two years and only two states of nature (this is for illustrative purposes). All nodes in years 1 and 2 must have the same consumer price, regardless of the inflow state in these years. In year 3, consumer prices are reset for nodes in years 3 and 4. All nodes in the same box share a single price. Prices set in year 3 reflect the inflow states in years one and two. At the start of a new regulatory period, there will be the same number of prices as nodes in the previous period. For example, in years one and two there is one price, and in years three and four, there are four uniform prices. 

Another approach to modelling the current LRMC pricing policies would be to mimic the perturbation and average incremental cost methodologies used by regulators. However, this was not pursued because endogeneity between pricing and capital expenditure makes it difficult to implement a constraint based on perturbation or average incremental cost methodologies.

	Box 5.
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Modelling uniform pricing as a constraint on consumer prices

	Uniform pricing is modelled as a constraint on consumer prices. Investment decisions and supply are optimally determined, subject to the distortion in consumption induced by imposing uniform retail prices. 

This approach captures the key cost of a smoothed pricing regime within a regulatory price setting period: consumers do not face higher prices for water during times of scarcity, nor do they face lower prices when water is abundant.

This results in a ‘wedge’ between the retail price and the supply price based on the opportunity cost of supply. The wedge is positive when the consumer price is less than the opportunity cost of supply, and negative when the consumer price exceeds the opportunity cost of supply. On an expected value basis, the gaps between the demand price and the opportunity cost of water even out, as the extra revenue when price is in excess of marginal cost exactly offsets the losses when price is less than marginal cost. 
The distortions in the consumption patterns brought about by imposing uniform pricing distort investment and supply procurement. Under uniform prices, several consecutive dry years (within a regulatory period) could trigger investment in new, more expensive sources of supply required to meet the level of demand implied by a uniform price. This would mean that supply costs increase and diverge from demand prices. However, under flexible prices, prices would have risen, and consumption would have fallen, potentially alleviating the need for costly new investment.
Uniform prices reduce the flexibility of prices to reduce demand when water is scarce, increasing the need for supply augmentation. The improvements in capacity utilisation brought about by flexible pricing give overall net social payoff gains.
The stylised tableau below illustrates how uniform pricing was modelled for a single year (fixing prices across nodes), and draws upon the linearised demand tableau in box 3.2 and the tree diagram in figure 
5.9.
Variable
D1
n=1
D2
n=1
D3
n=1
D1
n=2
D2
n=2
D3
n=2
Supply
n=1
Supply
n=2
UP
Right hand side
Row
Demand–supplyn=1
Q1
Q2
Q3
-1

≤ 0

Demand–supplyn=2
Q1
Q2
Q3
-1

≤ 0

Convex demandn=1
1

1

1

≤ 1

Convex demandn=2
1

1

1

≤ 1

Uniform pricen=1
P1
P2
P3
-1

= 0

Uniform pricen=2
P1
P2
P3
-1

= 0

The uniform price (UP) is endogenously determined. Each node has unique supply and demand activity variables (Supplyn, D1n, D2n and D3n) as well as demand–supply balance and convexity constraints (Demand–supplyn and Convex demandn). The node‑specific uniform price constraints (Uniform pricen) ensure that the uniform price variable (UP) jointly applies at both nodes.
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Illustrative representation of uniform pricing in the modela
	[image: image9.emf]8

7

9

10

3

4

5

6

2

12

11

13

14

Low

High

High

Low

High

Low

High

High

High

High

Low

Low

Low

Low

High

Low

High

Low

Low

Low

High

Low

High

Low

High

Low

High

Low

High

High

Year 0 

(start of 

simulation)

Year 1 Year 2 Year 3

15

27

26

25

24

23

22

21

20

18

17

16

19

30

29

28

Year 4

1




a(In this example, the regulatory period is two years, for ease of diagrammatic exposition. In the model, the regulatory period is three years for Melbourne and four years for Perth.

Results
Applying uniform prices reduces welfare (table 
5.4) because consumption decisions do not reflect the cost of supply. Net social welfare can be improved if prices are flexible, as in the basecase model. 

Table 5.

 SEQ Table \* ARABIC 4
Welfare costs of uniform retail pricing over 10 years

Expected net present values ($m)
	
	Melbourne model
	Perth model

	
	Historic
	Present
	Historic
	Present

	Central estimate
	27
	5
	83
	332

	Sensitivity estimates
	
	
	
	

	Low inflows
	102
	12
	126
	468

	High inflows
	2
	1
	47
	207

	Low price elasticity
	30
	6
	98
	509

	High price elasticity
	0
	0
	83
	249


Source: Modelling results  — Melbourne and Perth historic and present models.
The welfare impact of this approximation of uniform pricing is a lower bound estimate of the cost of actual LRMC pricing for two main reasons. First, the approach used is, in effect, a smoothed scarcity price. The only distortion caused by the policy results from a lack of price flexibility. Second, the uniform constraint is imposed only on the prices charged to consumers (box 
5.3). To the extent that LRMC pricing by regulators is built up using an estimate of the incremental cost of new capacity, then used to determine a price for consumers and suppliers, this is likely to distort investment decisions, resulting in higher costs than estimated in the modelling.

Prices
Prices are on average higher under uniform retail pricing (figures 
5.10 and 
5.11). Relatively high prices are also still possible under uniform pricing. This is particularly the case in the present version of the Perth model, where a high price is needed in early periods to reduce demand and reduce drawdown so that water can be supplied in later, dry scenarios. 
Figure 5.

 SEQ Figure \* ARABIC 10
Expected prices with flexible and uniform pricing in the Melbourne model
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Source: Modelling results — Melbourne historic model.

Figure 5.

 SEQ Figure \* ARABIC 11
Expected prices with flexible and uniform pricing in the Perth model
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Source: Modelling results — Perth historic model.

Investment

Investment is more risky under uniform pricing. Figure 
5.12 shows that the distribution of ex post benefit–cost ratios for a given investment is more heavily distributed in the tails under uniform pricing. Reducing risk to consumers through uniform pricing shifts the burden of the risk on to suppliers. This is because water suppliers need to deal with variable inflows without any assistance from consumers (within a pricing block) through changes in consumption induced by changes in price.
Figure 5.

 SEQ Figure \* ARABIC 12
Ex post benefit–cost ratios of an investment in rural–urban interconnection in Melbourne 
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Source: Modelling results — Melbourne historic model.
5.

 SEQ Heading2 5
Summary
A summary of the welfare costs associated with all the policies discussed in this chapter is presented in table 
5.5.
Table 5.

 SEQ Table \* ARABIC 5
Benefits and costs of policy scenarios
Expected net present values ($m)
	
	Melbourne model
	Perth model

	Welfare costs of water restrictions over 10 years

	
	Historic
	Present
	Historic
	Present

	Central estimate
	691
	765
	18
	39

	Sensitivity estimates
	
	
	
	

	Low inflows
	1 502
	860
	35
	80

	High inflows
	419
	779
	8
	17

	Low price elasticity
	1 139
	1 308
	22
	48

	High price elasticity
	445
	495
	16
	35

	Welfare loss from mandated investments and policy bans over 10 and 20 years (historic model)

	
	10 years
	20 years
	10 years
	20 years

	Central estimate
	1 978
	3 476
	267
	533

	Sensitivity estimates
	
	
	
	

	Low inflows
	1 526
	2 746
	249
	468

	High inflows
	2 154
	3 679
	282
	557

	Low price elasticity
	1 964
	3 472
	258
	523

	High price elasticity
	1 963
	3 449
	272
	546

	Welfare loss from mandated desalination relative to mandated aquifer (Perth historic model)

	
	
	
	10 years
	20 years

	Central estimate
	..
	..
	73
	288

	Sensitivity estimates
	
	
	
	

	Low inflows
	..
	..
	114
	335

	High inflows
	..
	..
	51
	241

	Low price elasticity
	..
	..
	75
	287

	High price elasticity
	..
	..
	76
	296

	Welfare loss from banning use of Sugarloaf pipeline (Melbourne present model)

	
	10 years
	20 years
	
	

	Central estimate
	217
	312
	..
	..

	Sensitivity estimates
	
	
	
	

	Low inflows
	512
	736
	..
	..

	High inflows
	159
	229
	..
	..

	Low price elasticity
	281
	405
	..
	..

	High price elasticity
	198
	285
	..
	..

	Cost savings of a real options approach to planning

	
	Historic
	Present
	Historic
	Present

	Central estimate
	907
	776
	227
	133

	Sensitivity estimates
	
	
	
	

	Low inflows
	1 815
	1 474
	162
	97

	High inflows
	312
	322
	225
	95


(continued next page)
Table 
5.5
(continued)
	
	Melbourne model
	Perth model

	Welfare costs of uniform retail pricing over 10 years

	
	Historic
	Present
	Historic
	Present

	Central estimate
	27
	5
	83
	332

	Sensitivity estimates
	
	
	
	

	Low inflows
	102
	12
	126
	468

	High inflows
	2
	1
	47
	207

	Low price elasticity
	30
	6
	98
	509

	High price elasticity
	0
	0
	83
	249


.. Not applicable. 

Source: Modelling results — Melbourne and Perth present and historic models.

	214
	Australia's urban water sector
	


	
	Technical supplement 1
	191



_1376135321.unknown

_1376135337.unknown

_1376135348.unknown

_1376135356.unknown

_1376135360.unknown

_1376135365.unknown

_1376135367.unknown

_1376135363.unknown

_1376135358.unknown

_1376135352.unknown

_1376135354.unknown

_1376135350.unknown

_1376135342.unknown

_1376135345.unknown

_1376135339.unknown

_1376135329.unknown

_1376135333.unknown

_1376135335.unknown

_1376135331.unknown

_1376135325.unknown

_1376135327.unknown

_1376135323.unknown

_1376135313.unknown

_1376135317.unknown

_1376135319.unknown

_1376135315.unknown

_1376135308.unknown

_1376135311.unknown

_1376135306.unknown

