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Illustrative applications to policy
The purpose of developing the partial equilibrium model was to examine the welfare, pricing and investment implications of various policies. These are modelled as variations from the ‘market’ model set out in chapter 3. To quantify their impacts, policies were modelled as constraints on the market outcomes. The five policies modelled were: 

· water restrictions

· long-run marginal cost pricing

· cost recovery pricing
· mandatory construction of a desalination plant
· a policy ban on rural–urban trade.

4.1
Description of the illustrative applications
As discussed in chapter 3, the market model can be described as a scarcity-based 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 plus producer surplus). 

If one of the above policies is binding, it distorts this market outcome and leads to a reduction in welfare compared with the market reference case. Impacts of different policies on pricing and investment decisions can be examined by constraining the market solution to the model (Pressman 1970). The cost of policy interventions can then be estimated by comparing welfare in the market model with that for the policy constrained model. Further, the partial equilibrium framework attaches a shadow price to every constraint imposed on the model (if it is binding), which provides information about marginal costs of binding policies.
Long-run marginal cost (LRMC) pricing

As noted in chapter 1, regulators in Australia typically use estimates of long-run marginal cost (LRMC) for price setting. LRMC pricing policies ensure that the price of water, at the margin, is equal to the next lowest cost source of additional supply, which tends to ‘smooth’ prices over time (relative to scarcity-based pricing). 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). 

LRMC pricing was approximated in the Commission’s modelling as a ‘smoothed’ pricing policy that applied to prices paid by consumers (box 
4.1). An obvious approach to modelling LRMC pricing would be to mimic the perturbation and average incremental cost methodologies used by regulators. However, this was not pursued because these methodologies require capital expenditure forecasts for 20 to 25 years, a timespan that is difficult to model in a multistage stochastic setting.
 Instead, two somewhat less restrictive requirements were imposed to ensure that prices were smoothed over time.

First, LRMC was modelled as a uniform price to consumers that is set and reset every four years. This four-year period matches regulatory practices in most jurisdictions of Australia, where prices are generally set every 3–5 years (PC 2008).

Second, consumer prices are set in advance with full knowledge about water availability when they are set, but only probabilistic expectations about future inflows. While the regulated prices may differ from year to year, they are not allowed to vary to reflect different inflow states as they are revealed. Within the model, this means that the consumer price is set in advance
 and is then binding on all subsequent nodes in the probability tree (figure 
4.1). Within any regulatory period, all nodes in a given year that are after a price determination will have the same consumer price. At the beginning of the next regulatory period, prices are able to be reset for the remainder of the regulatory period. 

Do not delete this return as it gives space between the box and what precedes it.
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Modelling LRMC as a constraint on consumer prices

	In the modelling for this study, LRMC pricing was assumed to constrain only consumer prices. Investment decisions and supply are optimally determined, subject to the distortion in consumption induced by imposing uniform prices. 

This approach captured the key cost of a smoothed pricing regime: consumers do not face a higher price for water during times of scarcity and lower prices when there is abundance of supply. (The exception is at the start of a new regulatory period, when prices can adjust if investment is brought forward during drought or delayed after a wet spell.) 

This is consistent with a market equilibrium subject to subsidisation and taxation of consumers. They are ‘subsidised’ when the consumer price is less than the price of supply. They are ‘taxed’ when the consumer price exceeds the price of supply. On an expected value basis, the subsidies and taxes cancel out. Alternatively, a planner’s problem can be shown to be equivalent to a competitive equilibrium (Hansen and Sargent 1990). As such, the LRMC pricing policy modelled could be interpreted as optimal investment and supply under planned supply decisions (with a goal of maximising net social welfare) subject to a distorted demand price. In either case, there will be a ‘gap’ between the price of supply and price of demand.

To bring about equality between the uniform demand price and the supply price would involve distortion of investment decisions and additional costs compared with the implementation used here. For example, under LRMC prices a couple of dry years (within a regulatory period) might trigger investment in new, more expensive sources of supply to meet demand. This investment would be optimal as it delivers valuable scarce water. However, this would mean that supply costs increase and diverge from demand prices, as the latter were fixed in advance before rainfall patterns were known. If, instead, investment during times of scarcity is constrained so that supply costs remain equal to fixed demand prices under LRMC pricing, then this will add to the costs of LRMC pricing. 

	

	


Figure 
4.1 shows a representation of the LRMC pricing structure in the model, with the price determined every two years (for illustrative purposes — in the model prices are set every four years). In the first year, a year-1 price and a year-2 price are determined. All nodes in year 1 must have the same consumer price, and all nodes in year 2 must have the same price, although those two prices need not be the same. Regardless of the inflow state in years 1 and 2, the year-2 price is set and ‘locked in’ in year 1. In year 3, consumer prices are reset. All nodes after year 3 and in the same loop share a single price, determined in year 3.
The welfare impact of this approximation of LRMC-based pricing is a lower bound for two main reasons. First, as the approach used is, in effect, a smoothed scarcity price, the price will still be used to ration demand more than if it were simply set at the cost of the next cheapest form of supply. In the model, the only distortion caused by the policy results from lack of price flexibility. Second, the LRMC constraint is imposed only on the prices charged to consumers (box 4.1). 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.
LRMC pricing was also modelled in conjunction with restrictions. During extended dry periods, LRMC pricing alone is not able to adjust sufficiently to ration demand for scarce water. As such, restrictions are required, and the cost of restrictions are an important part of a pricing policy based on the LRMC of supply.

Figure 4.
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Representation of LRMC in the modela
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a(In this example, the regulatory period is two years, for ease of diagrammatic exposition. In the model, the regulatory period is four years.

Water restrictions

The use of water restrictions during times of scarcity is an important feature of present management of Australian urban water systems. These enforced restrictions limit the manner in which water may be consumed. For example, during 2009 medium level restrictions in Brisbane forbade: any watering of established lawns; any watering of established gardens between 8:00am and 4:00pm; watering of established gardens using a handheld hose except between 4:00 pm and 4:30pm on each Saturday and each Tuesday for odd numbered premises and between 4:00 pm and 4:30 pm on each Sunday and each Wednesday for even numbered houses (Queensland Water Commission 2009).
Water restrictions are modelled as a constraint on the maximum quantity of water that can be used outdoors. This means that water restrictions only apply to one of the three sources of demand that are modelled.
Water restrictions are triggered in the model when storages fall below a specified threshold level. This is achieved using binary variables: a variable that has a value of 1 when the restriction is triggered, and 0 when it is not.
 Whether or not a restriction is implemented at a point in time depends on storage levels at the end of the preceding period. This modelling framework approximates stated government policies regarding restrictions (DSE 2007). 

Estimates of the welfare impact of restrictions using the model are a lower bound on their costs. When a restriction is binding in the model, it limits the total amount of water that may be consumed in aggregate by all outdoor users — truncating the least valued outdoor uses of water. This aggregate cap means that there is no binding constraint on any single premises, provided that all premises collectively remain below the limit. In practice, a large part of the cost of restrictions comes from the fact that they bind all premises individually (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. Finally, only two levels of restrictions were modelled, excluding costs from restrictions that would occur under less severe water shortages (Appendix B).
Cost recovery pricing

An alternative to marginal cost pricing is to set prices at average historical cost. Such an approach — as used historically for price setting — ensures that the total cost of water provision is recovered through variable charges (Baumann, Boland and Hanemann 1998). Some researchers advocate cost recovery pricing to prevent water suppliers from making excess returns on lower-cost, but limited, sources of water, especially existing dams (for example, Dwyer 2005 criticises pricing that allows for returns on assets that have already been ‘paid for’). Instead of allowing the lower-cost source of water to accrue rents up to the cost of the most expensive marginal source (to be paid the market price of water), cost recovery pricing averages all prices to ensure revenue and cost equality.

To represent cost recovery pricing, total revenue is constrained to equal total costs in every year, but at an aggregate level across all supply technologies used. Specifically, the sum of total revenue from sales of water to all forms of demand is constrained to be equal to the costs of all supply sources, ensuring that the price charged for water to end users is equal to the average cost of the system. This cost includes a required rate of return on existing assets (based on a weighted average cost of capital and a regulatory depreciation rate, both of which are applied to the total asset base). As for LRMC pricing, cost recovery pricing was modelled as a demand-side constraint. However, in aggregate, it does not provide for capacity rents on constrained sources of supply.
In reality, a cost recovery pricing policy would be likely to require the use of restrictions, but this was not modelled due to computational limitations. Like LRMC pricing, average cost pricing does not allow sufficient flexibility to use price to ration water during extended dry periods, meaning that restrictions are likely to be needed occasionally. However, modelling average cost pricing in conjunction with restrictions would require a primal–dual modelling approach
 and/or much more complicated nonlinear constraints. This was not feasible given the large size of the multistage stochastic urban water model.
Mandatory desalination

In real urban water settings, decisions about supply options are not necessarily made based purely on the efficient costs of supply. For example, new dams might be ruled out due to concerns about environmental damages, without an investigation of specific options for new dam sites. Other options might be chosen or discarded based on political, rather than economic considerations.
Mandatory construction of a desalination plant was modelled to analyse the potential implications of ‘one size fits all’ investment strategies, where new supply sources that might be economically justified in one jurisdiction are applied elsewhere without reference to their costs and benefits relative to other available supply options. This was modelled by imposing a constraint that construction of a desalination plant must begin in the first year of the simulation. 
This constraint was imposed only on the supply-side of the urban water market. There was no requirement that the costs of the desalination investment must be recovered through prices charged to consumers. If investment costs were recovered through higher prices to consumers, this would require an additional (demand-side) constraint and would inflate the costs of this ‘one size fits all’ investment strategy.

A ban on rural–urban trade

A ban on rural–urban trade was modelled in order to illustrate the potential costs of policy bans on particular sources of supply. Policy bans on some investment options can force sub‑optimal reallocation decisions elsewhere in the system. If least-cost investments are not allowed, then either prices must adjust to ration limited water supplies, or the next least costly investment must be brought on line. 

As the partial equilibrium model used is limited in scope to an urban water market, the effects of a ban on rural–urban trade only capture impacts within the urban system. However, the value of water to rural holders of seasonal licenses is captured through the cost of supply of rural water, which varies depending on whether it is a relatively dry or wet year.

4.2
Impact on net social welfare

Compared with scarcity-based pricing, the policy options modelled typically result in a reduction of net social welfare for the hypothetical city of tens to hundreds of millions of dollars over the timeframe modelled (table 
4.1). These costs are measured in terms of an expected decrease in discounted net social welfare from the urban water market. The change in net social welfare will vary across different scenarios for inflows to dams, so an expected decrease is used to report a probability-weighted measure of likely costs. These costs must be traded off against price variability under scarcity-based pricing, which is discussed in further detail in chapter 3 and in section 4.3 below.

LRMC pricing

LRMC-based pricing carries costs associated with ‘smoothing’ prices over time. For the reasons discussed above, estimated costs of LRMC-based pricing are a lower bound estimate of the true costs. Further, during times of extended scarcity, LRMC pricing alone is not flexible enough to ration demand for water, so restrictions are required. As such, the cost estimate for LRMC and restrictions is a more relevant cost for a LRMC-based pricing policy.
Water restrictions

Restrictions impose large costs in forgone consumer surplus, relating to outdoor uses of water that end users would have been willing to pay for. These costs are measured on an expected value basis across a series of scenarios that, for most years, do not have restrictions imposed. This explains much of the difference between the costs estimated here and higher costs estimated for restrictions during an extended drought (Grafton and Ward 2007 and PC 2008). Further, as mentioned previously, the cost estimates here are a lower bound because they do not include additional impacts such as the differential effect of restrictions across households — in the real world, some households that are prepared to pay a lot for additional water might have to forgo consumption under restrictions.
The cost of restrictions is particularly high if they are imposed in conjunction with LRMC pricing. When restrictions on outdoor demand are imposed on a model with scarcity-based pricing, prices are still able to adjust upward during dry years, which reduces indoor and commercial demand. This flexibility means that scarce water can be rationed for most uses through prices instead of restrictions, and thus restrictions are only rarely binding. With restrictions and LRMC pricing in operation together, this pricing flexibility is lost. Restrictions are required during extended dry spells, imposing large costs on outdoor water users. 

The cost of the status quo in most Australian jurisdictions — LRMC pricing and restrictions during times of scarcity — is equivalent to about $100 million per year for the hypothetical example modelled, relative to scarcity-based pricing. The hypothetical example is based on large capital cities in Australia (Sydney, Melbourne, Perth, Brisbane and Adelaide) which have an average of 900 000 households. The annual cost estimate is thus equal to approximately $110 per household, or more than 15 per cent of the typical household water bill in large cities ($658 — NWC 2009).
Cost recovery pricing

Cost recovery pricing imposes welfare costs that are higher than LRMC pricing. This is because pricing at average cost is a less efficient means of signalling the price of new sources of supply (Baumann, Boland and Hanemann 1998). Relatively cheap water from dams keep prices low under cost recovery pricing, even as more expensive sources of supply (such as rural–urban trade) are being pursued. Further, the constraint on pricing flexibility under cost recovery pricing means that restrictions are likely to be required during particularly dry years. As discussed above, the combination of cost recovery pricing and restrictions was not modelled due to computational limitations, but allowing for restrictions would increase welfare losses associated with cost recovery pricing.

Table 4.
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Welfare costs of various policies (expected net present values)

Probability-weighted average costs relative to scarcity-based pricing with no restrictions, for the next eight years

	Policy
	Welfare cost ($m)

	LRMC
	94

	Cost recovery
	153

	Restrictions
	522

	Restrictions and LRMC
	658

	Mandatory desalination
	311

	Rural–urban trade ban
	69


Source: Modelling results.
Mandatory desalination

Where they are binding on an efficient market, investment mandates distort investment decisions. Mandating the construction of a desalination plant forces a costly investment on the system, resulting in a net present value welfare cost of $311 million. Construction and maintenance costs for the plant total $355 million during the simulation period, with only minor offsetting benefits elsewhere in the urban water system. There is a net transfer of wealth from water suppliers to consumers, who benefit as a consequence of the additional water supply available (and ensuing lower prices — section 4.3). However, consumer benefits are more than outweighed by additional costs to water suppliers. 

There may be reasons why a water supply planner might still want to invest in a desalination plant. For example, they might do so as insurance against running out of water in a drier scenario than those modelled. These benefits need to be weighed against the costs. Further, it needs to be demonstrated that a particular augmentation option is the best way to obtain those benefits. In the hypothetical example modelled, aquifers and rural–urban trade are cheaper means to secure more water.
The costs of a mandatory desalination plant would be higher if it were also forced to operate at full capacity from the time of commissioning. Without such constraints, the desalination plant is only used when it is able to recover short-run variable costs associated with its operation.
 Under the mandatory desalination simulation, average capacity utilisation over all possible outcomes for rainfall is less than 75 per cent. This indicates that, when desalination is chosen as a means to insure against extreme low probability drought events, there are benefits from maintaining flexibility about when the desalination plant is actually operated.
On the other hand, when a desalination plant is constructed based on its expected benefits outweighing its costs, flexibility in plant operation does not appear to be so important. Under a scenario where average inflows to dams are 30 per cent lower, modelling results suggest that, in the hypothetical example modelled, desalination is sometimes a worthwhile investment that will recover its costs on an expected value basis (see sensitivity analysis results, appendix D). In this case, lower average inflows to dams mean that water supplies are lower, increasing the demand for water supplied from desalination to the point that average capacity utilisation of desalination (when constructed) is about 96 per cent.
A ban on rural–urban trade
In the Commission’s modelling, prohibiting rural–urban trade reduces discounted, probability-weighted welfare (over the following eight years) by $69 million. This cost is incurred by consumers, as higher prices are needed to ration the more limited supply of water in the absence of the supplies drawn from rural–urban interconnection in the base case. A ban on rural–urban trade effects a transfer of wealth from consumers to suppliers, as prices are pushed higher (section 4.3). However, the increase in producer surplus is more than offset by the loss in consumer surplus.
This cost estimate does not include externalities (positive and negative) from 
rural–urban trade that accrue outside the urban water system. Rural–urban trade provides water in the model through the purchase of seasonal allocations, so rural water users are compensated for the direct cost of the water. However, there might be other social externalities — such as impacts on rural communities — that are not included in the analysis. 
Sensitivity analysis: mean inflows and demand elasticities
Welfare costs policies that restrict supply or reduce price flexibility are significantly higher if inflows to dams are lower, or if demand is less price responsive (table 
4.2). When inflows are lower, the costs of the alternatives to using prices to ration water are higher. Also, restrictions are required more often, imposing higher costs. 
Low demand elasticities are often cited as a reason to avoid scarcity-based pricing, but if demand for water is highly inelastic, then this significantly increases the costs of relying on water restrictions in times of drought. Certainly, as demonstrated in chapter 3, prices will be more variable under scarcity-based pricing if demand elasticities are low, as greater price changes are required to bring about the same reduction in the quantity of water demanded. However, low demand elasticities imply that users are prepared to pay significantly more rather than reduce their consumption of water — that is, they place a high value on their existing uses of water. Restrictions proscribe some of these highly valued uses of water, imposing far higher costs if demand elasticities are lower (table 
4.2).
Further detail on the results from sensitivity analysis is available in appendix D.

Table 4.
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Sensitivity of welfare costs (expected net present values)

Probability-weighted average costs ($m) relative to scarcity-based pricing, for the next eight years

	Policy
	Central estimate
	Mean inflows
	Demand elasticity

	
	
	Low (-30%)
	High (+30%)
	Low (-0.10)
	High (-0.50)

	LRMC
	94
	241
	60
	149
	117

	Cost recovery
	153
	339
	137
	225
	134

	Restrictions
	522
	673
	267
	1013
	401

	Restrictions and LRMC
	658
	1026
	599
	1573
	548


Source: Modelling results.
4.3
Pricing

The model can be used to give an indication of pricing behaviour under various policies. However, the change in the price of water will not equal the change in the overall bill that households are likely to receive. This is because fixed access charges (under a two-part tariff) are not included in the modelling undertaken for this study. Fixed access charges could include an amount to cover fixed or common costs of water provision that are unrelated to the specific quantity of water supplied (for example, corporate overheads) and might vary across different pricing policies.
Prices vary with inflows under all the pricing and restrictions policies modelled, but scarcity-based pricing is associated with the greatest variation in prices (figure 
4.2). As explained in chapter 2, consumers in the model are risk averse with respect to consumption of water, so variations in price reduce welfare (relative to a price that is fixed at the mean of the variable prices). 
Modelled prices under pricing constraints — in particular, LRMC pricing — might vary more than in real‑world applications of these policies. To the extent that prices are ‘smoothed’ to a greater extent than in the modelling, this will impose greater efficiency costs than reported above. The price distributions reported in figure 
4.2 are the most efficient (that is, they maximise net social welfare) given the constraints imposed. For example, in the case of LRMC pricing, this means these prices are optimal given that prices are set every four years and cannot be adjusted during a regulatory period.
Figure 4.
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Prices under alternative pricing options
Across all rainfall scenarios modelled
	         Scarcity-based pricing (with no restrictions)                       LRMC pricing (no restrictions)
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a Maximum price. b Ninetieth percentile price. c Median price. d Tenth percentile price. e Minimum price.
Data source: Modelling results.

Relatively high prices ($4 per kilolitre or higher) are still possible under LRMC pricing. This occurs under a dry scenario in later years of the simulation when LRMC is modelled without restrictions, as water shortages at the start of the second regulatory period require high prices until sufficient additional supply capacity (mostly from household tanks) is available. When LRMC pricing is modelled together with restrictions, high prices are used when storages are relatively low at the start of a regulatory period, in order to avoid costly restrictions later in the regulatory period. If, in reality, LRMC pricing does not offer this degree of flexibility, then restrictions are likely to be imposed more frequently and the welfare costs of LRMC and restrictions will be higher. 

Using a less flexible representation of LRMC pricing can be shown to carry welfare costs as much as three times those of the lower-bound estimate reported in section 4.2. A pricing regime based on the levelised cost of the marginal investment option (rural–urban trade, then desalination once the rural–urban pipeline has been built) was modelled as part of sensitivity analysis. Pricing under this regime is more stable, but welfare costs are accordingly much higher (appendix D). In general, if pricing rules change from those in figure 
4.2 — while still requiring that regulated prices are set every four years and cannot be changed during this time — the welfare costs will increase.

Prices are most stable under cost recovery pricing, but can increase considerably towards the end of the simulation period under a particularly dry scenario. When inflows are low for a prolonged period, investment in more expensive sources of supply is required to meet demand, increasing total costs. Higher prices are then required to continue to maintain revenue equal to these costs.
 Further, these higher prices will be ‘locked in’ long into the future under cost recovery pricing, as prices must remain higher to reflect the increased asset base. This is true even if significant inflows mean that the cost of supplying water (including opportunity cost) becomes significantly lower than the cost recovery price. 

On average, prices to consumers are actually lowest under scarcity-based pricing. The probability-weighted average price (across the whole probability tree) under scarcity-based pricing is about $1.30 per kilolitre, compared with over $1.75 per kilolitre for the alternative pricing scenarios (prices based on the levelised cost of the marginal investment, modelled as part of the sensitivity analysis, are higher again — see appendix D). Although scarcity-based prices are high during extended dry spells, prices are free to adjust downwards as soon as good inflows are recorded. Also, under scarcity-based pricing, low prices can be offered in times when water is plentiful, safe in the knowledge that if shortages develop in the future then prices can be increased accordingly. As a consequence, median prices under scarcity-based pricing remain below $1.50 per kilolitre throughout the simulation. 

Lower average prices under scarcity-based prices suggest that equity concerns — often raised in regard to using prices to ration water — are likely to be overestimated. In any case, there are also other ways to alleviate equity issues from more variable pricing. For example, it might be possible to provide a fixed quantum of low-priced ‘essential’ water to all households (PC 2008). This would mean that during extended dry periods, when scarcity-based prices would increase, all households would still be able to access sufficient water for essential uses. Equity concerns can also be addressed outside the water market — for example, through the tax–transfer system — in ways that do not distort prices for water and thus the consumption and investment decisions of households and businesses.
Investment constraints and pricing
Investment mandates and bans have opposite effects on prices: mandating an investment in desalination lowers prices, while prices are higher when supply from rural–urban trade is not available. 

Investment in desalination at the start of the simulation period lowers prices by increasing the supply of water. This results in prices that are, on average, 12 per cent lower (figure 
4.3), and 13 per cent less variable than the base case. Prices are significantly lower once the desalination plant is completed and able to supply water (after 2012). Prices are also lower before the desalination capacity is available, as less storage is required with the knowledge that desalination will be available to supply water into the future. The reduction in variability comes about because the certain supply of water from desalination reduces the need for rationing in dry periods. However, these lower prices come at the expense of community welfare (as discussed in the previous section), as significant construction and maintenance costs must be incurred to install and maintain the desalination plant.
When rural–urban trade is not allowed, prices adjust upward to ration a smaller supply of water available to urban users. On average, prices are 45 per cent higher (and twice as variable) across all rainfall scenarios when rural–urban trade is banned (figure 
4.4). 

Figure 4.
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Price impact of mandatory desalination construction

Mean values
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Data source: Modelling results.
Figure 4.
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Price impact of a prohibition on rural–urban trade
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Data source: Modelling results.
4.4
Investment in new sources of supply
The timing and choice of investments is distorted under different illustrative policies. Although pricing policies are only imposed on consumer demand in the modelling — investment decisions remain optimal — the distortion of demand decisions will flow through to affect investment decisions.

Relative to scarcity-based pricing, more investment is typically undertaken under LRMC pricing, but investment is reduced when restrictions are introduced as well. The decisions to build a pipeline to facilitate rural–urban trade is modelled as a binary ‘yes or no’ decision. A pipeline is built under some, but not all, scenarios for inflows to dams. A pipeline is built more often under LRMC pricing and less often under LRMC pricing and restrictions (figure 
4.5). When restrictions are used in conjunction with LRMC pricing, outdoor demand is constrained during dry periods, reducing the need for new investments. There is also an interaction between high prices to consumers and investment: higher prices when restrictions are used in conjunction with LRMC pricing reduce demand for water and thus the need for new investments. 
Figure 4.
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Timing of investment in rural-urban trade
Proportion of rainfall scenarios where investment is made
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Data source: Modelling results.
Under particularly dry scenarios, investment under LRMC pricing extends to installing household tanks. Without restrictions or scarcity prices to ration demand, more investment is needed to meet demand under LRMC pricing. Household tanks can be installed and commissioned over much shorter timeframes than larger options (such as desalination) so they are a useful way to augment supply towards the end of regulatory periods, when prices are not able to adjust in response to dry conditions. Tanks carry large investment costs per unit of water provided, so there are significant additional investment costs under LRMC pricing (figure 
4.6). However, these additional investment costs are still preferable to resorting to restrictions, as evidenced by the net social welfare reported in section 4.2.
Figure 4.
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Net present value of cumulative investment costsa
Adjusted for the length of the simulation period
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a(Includes the total cost of investment in all new supply sources: aquifers, rural–urban trade and household tanks (new dams and desalination are not pursued in any of the illustrative policy applications). 

Data source: Modelling results.

In all the pricing and restriction policies modelled, investment occurs when the expected benefits from additional supply outweigh the costs. As under scarcity‑based pricing (chapter 3), this means that, ex ante, investment occurs when the ratio of benefits to costs is greater than one. Thus, investment costs are recovered, on an expected value basis, whenever an investment is made. However, realised benefits from investment in new supply options vary with actual inflows. As under scarcity‑based pricing, returns from investments in new sources of supply may or may not turn out to cover their costs, ex post. This issue is difficult to investigate thoroughly in a model as large as the multistage stochastic model used for this study — particularly when policy constraints involve binary variables — and remains an area for further work (chapter 5).

Investment constraints and investment in other supply options

Investment mandates and bans affect investment patterns directly, but can also have indirect effects on the need for alternative forms of investment. For example, mandatory construction of a desalination plant reduces the call on other new sources of supply, particularly rural–urban trade. Across all rainfall scenarios, forcing the construction of a desalination plant reduces the average amount of water drawn from rural–urban trade by 48 per cent (mainly by delaying the construction of the rural–urban pipeline). 
�	In addition, endogeneity between pricing and capital expenditure makes it difficult to implement a constraint based on perturbation or average incremental cost methodologies


�	In practice, a constraint was applied to quantities, rather than prices, for the LRMC policy. This was done to suit the primal (quantity) formulation of the model. Fixed quantities imply fixed prices, as consumers use water according to a monotonic demand function. 


�	As noted in chapter 2, the use of binary variables increases markedly the computational requirements of a large model such as this one.


�	Under water restrictions, restricted sources of demand are constrained to consume at a point that is not on their demand curve. This means that the calculation of revenue from restricted sources of demand requires access to the shadow price of restrictions, which is not available pre�solution in a primal (quantity) formulation. 


�	Significant annual maintenance costs are still incurred when the desalination plant is not operated (for details of data used for calibration, see appendix B).


�	As demand for water is inelastic, price increases will be larger (in percentage terms) than the corresponding decrease in quantity demanded, so total revenue will increase with a price increase.
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