	
	


	
	



B
Mathematics of the model
A complete mathematical specification of the urban water model is presented in this appendix.

All variables in the model are positive (i.e. greater than or equal to zero). The variables vRestr and vRestr0 are binary: taking only a value of 0 or 1. Investment variables may either be binary or continuous, depending on the nature of the supply source.
Equations for the basecase, market model, representing flexible prices are presented first (
B.1). Policy interventions are modelled by constraining the basecase model according to the equations listed in section 
B.2. All sets, parameters and variables in the model are detailed in section 
B.3.
B.

 SEQ Heading2 1
Core market model

Objective function
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(B.1)
Objective function: area under the linearised demand functions 
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plus linearised benefit from storage in the terminal period
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less total cost of desalination investment and water supply
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less total cost of recycling investment and water supply
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less total cost of tank investment and water supply
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less total cost of trade investment and water supply
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less total cost of aquifer investment and water supply
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less total cost of new dam investment and water supply
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less the marginal operating cost of existing dam water supply
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Demand and convexity constraints

Convexity of linearised demands
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(B.2)

Convexity of linearised demand for terminal storage
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(B.3)

Balance of the demand for dam water storage in the terminal period
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(B.4)

Water demand balance
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(B.5)
Existing dam constraints

Water supply from existing dams
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(B.6)

Maximum dam storage capacity
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(B.7)
Desalination constraints

Maximum desalination supply capacity
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(B.8)
Upper bound on total installed desalination capacity
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(B.9)
Recycling constraints

Maximum recycling supply capacity
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(B.10)

Upper bound on total installed recycling capacity
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(B.11)

Tank constraints

Maximum tank supply capacity
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(B.12)

Upper bound on total installed recycling capacity
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(B.13)

Rural–urban interconnection constraints

Maximum rural–urban interconnection supply capacity
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(B.14)

Upper bound on total installed rural–urban interconnection capacity
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(B.15)

Aquifer constraints

Maximum aquifer supply capacity
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(B.16)

Upper bound on total installed aquifer capacity
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(B.17)

New dam constraints

Maximum supply capacity of new dams
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(B.18)

Upper bound on total installed capacity of new dams
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(B.19)

B.

 SEQ Heading2 2
Policy constraints and variables
Water restrictions

The water restrictions constraints restrict outdoor water demand when storage is below the trigger level in the preceding year. The restrictions are controlled with the binary variables vRestrYr,N, which have a value of 1 when the restriction is ‘on’, and 0 when the restriction is ‘off’. 
Water restrictions convexity constraint
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(B.20)
Water consumption when restrictions are imposed
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(B.21)

Water restrictions triggered when storage is below threshold
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(B.22)
Long-run marginal cost pricing (with scope for water restrictions)
The long-run marginal cost policy constraints set a uniform price for all demand classes during the regulatory period. 
Setting uniform prices for all classes of demand during each regulatory period
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(B.23)
B.

 SEQ Heading2 3
Sets, parameters and variables

Table B.

 SEQ Table \* ARABIC 1
Sets in the model

	Name
	Dimensions
	Description

	AquifCapMap
	Yr,N,YrP,NP
	Mapping of aquifer investment decisions in Yr and N to the years YrP, NP in which the investment is active, reflecting the lag of investment

	AquifCapMaxMap
	Yr,N,YrP,NP
	Mapping of aquifer investment decisions in Yr and N to all preceding years in which that investment decision could have been made

	d
	
	Classes of demand for water

	DesalCapMap
	Yr,N,YrP,NP
	Mapping of desalination investment decisions in Yr and N to the years YrP, NP in which the investment is active, reflecting the lag of investment

	DesalCapMaxMap
	Yr,N,YrP,NP
	Mapping of desalination investment decisions in Yr and N to all preceding years in which that investment decision could have been made

	dr
	d
	Subset of demand which are subject to restrictions

	FirstYear
	
	First year in the simulation period

	l
	
	Linear segments in the demand function

	LastYrNd
	Yr,N
	Final year and corresponding node

	m
	
	Linear segments in the function for terminal storage

	N, NP
	
	Nodes in the scenario tree

	NdPrBlk
	Yr,N,PrBlk
	Mapping of nodes to uniform pricing blocks

	NwDamCapMap
	Yr,N,YrP,NP
	Mapping of new dam investment decisions in Yr and N to the years YrP, NP in which the investment is active, reflecting the lag of investment

	NwDamCapMaxMap
	Yr,N,YrP,NP
	Mapping of new dam investment decisions in Yr and N to all preceding years in which that investment decision could have been made

	PrBlk
	
	Uniform pricing blocks

	RecycCapMap
	Yr,N,YrP,NP
	Mapping of new recycling investment decisions in Yr and N to the years YrP, NP in which the investment is active, reflecting the lag of investment

	RecycCapMaxMap
	Yr,N,YrP,NP
	Mapping of recycling investment decisions in Yr and N to all preceding years in which that investment decision could have been made

	TanksCapMap
	Yr,N,YrP,NP
	Mapping of tank investment decisions in Yr and N to the years YrP, NP in which the investment is active, reflecting the lag of investment

	TanksCapMaxMap
	Yr,N,YrP,NP
	Mapping of tank investment decisions in Yr and N to all preceding years in which that investment decision could have been made

	TradeCapMap
	Yr,N,YrP,NP
	Mapping of rural-urban interconnection investment decisions in Yr and N to the years YrP, NP in which the investment is active, reflecting the lag of investment

	TradeCapMaxMap
	Yr,N,YrP,NP
	Mapping of rural-urban interconnection investment decisions in Yr and N to all preceding years in which that investment decision could have been made

	Yr, YrP
	
	Time period. Single years for the shorter planning horizon model, aggregate years for the larger planning horizon model

	YrNd
	Yr,N
	Mapping each node to its matching year in the scenario tree


Source: Productivity Commission urban water model.

Table B.

 SEQ Table \* ARABIC 2
Parameters in the model

	Name
	Dimensions
	Description

	AquifICap
	scalar
	Total available units of installable aquifers

	AquifUnitSize
	scalar
	The size of a unitary investment in aquifers

	Area
	Yr,N,d,l
	The probability weighted, discounted welfare from curve d, at node N in Yr, for linear segment l

	CapExAquif
	Yr,N
	The probability weighted, discounted and truncated CapEx for aquifers

	CapExDesal
	Yr,N
	The probability weighted, discounted and truncated CapEx for desalination

	CapExNwDam
	Yr,N
	The probability weighted, discounted and truncated CapEx for new dams

	CapExRecyc
	Yr,N
	The probability weighted, discounted and truncated CapEx for recycling

	CapExTanks
	Yr,N
	The probability weighted, discounted and truncated CapEx for tanks

	CapExTrade
	Yr,N
	The probability weighted, discounted and truncated CapEx for rural-urban interconnection

	DesalICap
	scalar
	Total available units of installable desalination

	DesalUnitSize
	scalar
	The size of a unitary investment in desalination

	DPrice
	Yr,N,d,l
	Retail price of water from curve d, at node N in Yr, for linear segment l

	EvapLoss
	scalar
	Proportionate losses from storages in a given year as a result of evaporation

	InflowAtNode
	Yr,N
	Level of inflows in period Yr at node N

	MaxS0
	scalar
	Maximum dam storage capacity in existing dams

	NwDamAdStCap
	Yr,N
	Additional storage capacity from new dam investment

	NwDamICap
	scalar
	Total available units of installable new dams

	NwDamInflowAtNode
	Yr,N
	Level of inflows from new dams in period Yr at node N

	NwDamUnitSize
	scalar
	The size of a unitary investment in new dams

	OpexAquif
	Yr,N
	The probability weighted OpEx (including reticulation costs) for aquifers

	OpexDam
	Yr,N
	The probability weighted OpEx (including reticulation costs) for existing dams

	OpexDesal
	Yr,N
	The probability weighted OpEx (including reticulation costs) for desalination

	OpexNwDam
	Yr,N
	The probability weighted OpEx (including reticulation costs) for new dams

	OpexRecyc
	Yr,N
	The probability weighted OpEx (including reticulation costs) for recycling

	OpexTanks
	Yr,N
	The probability weighted OpEx (including reticulation costs) for tanks

	OpexTrade
	Yr,N
	The probability weighted OpEx (including reticulation costs) for rural-urban interconnection

	Qty
	Yr,N,d,l
	Level of water demanded from curve d, at node N in Yr, for linear segment l

	QtySt
	m
	Final period storage level linear segment m

	RecycICap
	scalar
	Total available units of installable recycling

	RecycUnitSize
	scalar
	The size of a unitary investment in recycling

	Rest
	d
	Restricted maximum demand for demand type d

	Rest0
	d
	Maximum demand for type d for unrestricted demand (999)

	S0
	scalar
	Water in storage at the start of the simulation period

	TanksICap
	scalar
	Total available units of installable tanks

	TankSupSize
	Yr,N
	The supply capacity a unitary investment in tanks in period Yr and node N

	TermStorArea
	Yr,N,m
	The probability weighted, discounted welfare from terminal storage at node N for linear segment m (including restriction penalty)

	TradeICap
	scalar
	Total available units of installable rural-urban interconnection

	TradeUnitSize
	scalar
	The size of a unitary investment in rural-urban interconnection

	Trig
	
	Minimum water in storage to trigger restrictions

	Trig0
	scalar
	Minimum water in storage for unrestricted demand


Source: Productivity Commission urban water model.

Table B.

 SEQ Table \* ARABIC 3
Variables in the model

	Name
	Dimensions
	Description

	Equil
	PrBlk
	Price equilibration for all prices uniform pricing block PrBlk

	QAquifCap
	Yr,N
	Incremental investment in period Yr at node N in aquifers

	Qd
	Yr,N,d,l
	Activity variable for linear demand segment l at node N in Yr for demand type d

	QdDam
	Yr,N,m
	Activity variable for terminal storage demand segment l at node N in Yr

	QDesalCap
	Yr,N
	Incremental investment in period Yr at node N in desalination

	QNwDamCap
	Yr,N
	Incremental investment in period Yr at node N in new dams

	QRecycCap
	Yr,N
	Incremental investment in period Yr at node N in recycling

	QsAquif
	Yr,N
	Quantity of water supplied in period Yr at node N from aquifers

	QsDam
	Yr,N
	Quantity of water supplied in period Yr at node N from existing dams

	QsDesal
	Yr,N
	Quantity of water supplied in period Yr at node N from desalination

	QsNwDam
	Yr,N
	Quantity of water supplied in period Yr at node N from new dams

	QsRecyc
	Yr,N
	Quantity of water supplied in period Yr at node N from recycling

	QsTanks
	Yr,N
	Quantity of water supplied in period Yr at node N from tanks

	QstDam
	yr,pt
	Quantity of water stored at node N in Yr

	QsTrade
	Yr,N
	Quantity of water supplied in period Yr at node N from rural-urban interconnection

	QTanksCap
	Yr,N
	Incremental investment in period Yr at node N in tanks

	QTradeCap
	Yr,N
	Incremental investment in period Yr at node N in rural-urban interconnection

	vRestr
	Yr,N
	Binary variable determining if restrictions are active in at node N in Yr

	vRestr0
	Yr,N
	Continuous variable determining if demand is unrestricted at node N in Yr


Source: Productivity Commission urban water model.
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