	
	


	
	



D
Sensitivity analysis
Sensitivity analysis was undertaken to test the impact of variations to key parameters in the model. The parameters varied are:
· mean inflows to dams (section 
D.1)
· the distribution of inflows modelled (section 
D.2)
· the weight attached to the low inflow scenarios (section 
D.3)
· price elasticities of demand (section 
D.4)
· the price and quantity point used to calibrate the linear demand function (section 
D.5)
· an alternative specification (constant price elasticity) of the demand function (section 
D.6)
· growth rates of urban water consumption (section 
D.7)
· discount rates (section 
D.8)
· initial storage levels (section 
D.9)
· an alternative specification of long-run marginal cost (LRMC) pricing (section 
D.10).
The effects of changes in these parameters on key results — prices, storage, investment, and the impact of various pricing and restrictions policies — are presented in this appendix. The results are compared to the ‘central estimates’: the simulation results presented in chapter 3 and 4, using all the default parameter values (as described in appendix B).
D.

 SEQ Heading2 1
Mean inflows to dams

This sensitivity test involved running simulations with mean inflows 30 per cent higher (390 GL per year), and 30 per cent lower (210 GL per year) than the base case of 300 GL per year. Results for prices are included in figure 
D.1, storage in figure 
D.2, investment in figure 
D.3, and welfare results are in table 
D.1. 
Figure D.

 SEQ Figure \* ARABIC 1
Price distributions for different mean inflow assumptions
Under scarcity-based pricing ($/kL)
	

Low mean inflows
High mean inflows
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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.
Figure D.

 SEQ Figure \* ARABIC 2
Water in storage for different mean inflow assumptions
Under scarcity-based pricing (GL)
	

Low mean inflows
High mean inflows
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 3
Mean discounted, truncated investment expenditure for different mean inflow assumptionsa
Under scarcity-based pricing ($ million)
	[image: image5.emf]0

20

40

60

80

100

120

140

160

2009 2010 2011 2012 2013 2014 2015 2016

Low inflows

High inflows

Central estimate




a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 1
Net social welfare costs of policy constraints for different mean inflow assumptions
Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years

	Policy
	Central estimate
	               Mean inflows

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

	Restrictions
	522
	673
	267

	Restrictions and LRMC
	658
	1 026
	599

	LRMC
	94
	241
	60

	Cost recovery
	153
	339
	137


Source: Modelling results. 
D.

 SEQ Heading2 2
Distribution of inflows

This sensitivity test involved running simulations with alternative inflow distribution assumptions. These were constructed by changing the probabilities attached to low, medium and high inflows in the three-point discrete distribution of inflows. Inflows to dams under the alternate distributions were set by maintaining the median, mean and standard deviation of inflows (table 
D.2). Results are shown in figures 
D.4, 
D.5 and 
D.6, and in table 
D.3.
Table D.

 SEQ Table \* ARABIC 2
Distribution of annual inflows for sensitivity testing
	
	Base case
	
	Distribution 1
	
	Distribution 2

	
	Probability
	Inflows
	
	Probability
	Inflows
	
	Probability
	Inflows

	
	
	(GL)
	
	
	(GL)
	
	
	(GL)

	Low
	0.25
	180
	
	0.10
	156
	
	0.33
	189

	Medium
	0.50
	300
	
	0.80
	300
	
	0.33
	300

	High
	0.25
	573
	
	0.10
	744
	
	0.33
	537


Figure D.

 SEQ Figure \* ARABIC 4
Price distributions for different inflow distribution assumptions
Under scarcity-based pricing ($/kL)
	

Distribution 1
Distribution 2
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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.
Figure D.

 SEQ Figure \* ARABIC 5
Water in storage for different inflow distribution assumptions
Under scarcity-based pricing (GL)
	

Distribution 1
Distribution 2
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 6
Mean discounted, truncated investment expenditure for different inflow distribution assumptionsa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.
Table D.

 SEQ Table \* ARABIC 3
Net social welfare costs of policy constraints for different inflow distribution assumptions

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	              Distribution of inflows

	
	
	Distribution 1
	Distribution 2

	Restrictions
	522
	549
	466

	Restrictions and LRMC
	658
	651
	786

	LRMC
	94
	97
	97

	Cost recovery
	153
	141
	152


Source: Modelling results. 
D.

 SEQ Heading2 3
Weight attached to low inflow scenarios

This sensitivity test involved running the model with additional weight attached to low inflow scenarios in the probability tree. This can be thought of as representing a decision maker that is particularly concerned about low inflow events. In order to implement this, an additional reduction was imposed on the level of inflows attached to low inflow events. This means that deviations in inflows that would only be expected to occur in 10 per cent of years (based on historical data) are given a 25 per cent weighting, effectively increasing the weight given to low inflow scenarios (table 
D.4). Results are shown in figures 
D.7, 
D.8 and 
D.9, and in table 
D.5.
Table D.

 SEQ Table \* ARABIC 4
Inflow weights for sensitivity testing
	
	         Base case
	
	         Alternative weighting

	
	Probability
	Inflows
	
	Probability
	Inflows

	
	
	(GL)
	
	
	(GL)

	Low
	0.25
	180
	
	0.25
	156

	Medium
	0.50
	300
	
	0.50
	300

	High
	0.25
	573
	
	0.25
	573


Figure D.

 SEQ Figure \* ARABIC 7
Price distributions for greater weighting of low inflows
Under scarcity-based pricing ($/kL)
	

Central estimate


Greater low inflow weight
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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.
Figure D.

 SEQ Figure \* ARABIC 8
Water in storage for greater weighting of low inflows
Under scarcity-based pricing (GL)
	

Central estimate


Greater low inflow weight
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 9
Mean discounted, truncated investment expenditure for greater weighting of low inflowsa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 5
Net social welfare costs of policy constraints for greater weighting of low inflows

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	Greater weighting of low inflows

	Restrictions
	522
	544

	Restrictions and LRMC
	658
	698

	LRMC
	94
	101

	Cost recovery
	153
	243


Source: Modelling results. 

D.

 SEQ Heading2 4
Price elasticity of demand

Sensitivity tests were performed in the demand elasticity, to examine how responsive the results are to different elasticity parameter values. A low elasticity (aggregate household elasticity of -0.1) and a high elasticity (aggregate household price elasticity of demand of -0.5) are tested (appendix B).

Testing the sensitivity of the price elasticity of demand can also be interpreted as a test on partial risk aversion in the consumption of water. The degree of partial risk aversion can be quantified using a measure analogous to the Arrow-Pratt measure of relative risk aversion, calculated as 
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 (Menezes and Hanson 1970). 
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 is the quantity of water consumed, and 
[image: image18.wmf]()
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 is the utility function for consumers. Partial risk aversion increases with lower demand elasticity (Table 
D.6). Results are shown in figures 
D.10, 
D.11 and 
D.12, and in table 
D.7.
Table D.

 SEQ Table \* ARABIC 6
Partial risk aversion for various elasticity values

Measured at the mean level of consumption

	Price elasticity of demand
	Relative risk aversion

	Low
	8.5

	Central estimate
	7.4

	High
	6.5


Figure D.

 SEQ Figure \* ARABIC 10
Price distributions for different demand elasticity values
Under scarcity-based pricing ($/kL)
	

Low demand elasticity
High demand elasticity
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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.
Figure D.

 SEQ Figure \* ARABIC 11
Water in storage for different demand elasticity values
Under scarcity-based pricing (GL)
	

Low demand elasticity
High demand elasticity
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 12
Mean discounted, truncated investment expenditure for different demand elasticity valuesa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 7
Net social welfare costs of policy constraints for different demand elasticity values

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	                Demand elasticity

	
	
	Low (-0.10)
	High (-0.5)

	Restrictions
	522
	1 013
	401

	Restrictions and LRMC
	658
	1 573
	548

	LRMC
	94
	149
	117

	Cost recovery
	153
	225
	134


Source: Modelling results.

D.

 SEQ Heading2 5
Price and quantity point used for demand calibration

The model demand functions (the quantity demanded for a given price) are calibrated using a price and quantity (PQ) reference point. Changes in consumer behaviour — for example, in response to public education or moral suasion initiatives — could change the location of the demand function in the future. This sensitivity test examined the impact of increasing and decreasing the quantity of water consumed at the calibration points by 10 per cent. Results are shown in figures 
D.13, 
D.14 and 
D.15, and in table 
D.8.
Figure D.

 SEQ Figure \* ARABIC 13
Price distributions for different demand calibrations
Under scarcity-based pricing ($/kL)
	

Low PQ point
High PQ point
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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.
Figure D.

 SEQ Figure \* ARABIC 14
Water in storage for different demand calibrations
Under scarcity-based pricing (GL)
	

Low PQ point
High PQ point
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 15
Mean discounted, truncated investment expenditure for different demand calibrationsa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 8
Net social welfare costs of policy constraints for different demand calibrations

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	                Price and quantity for calibration

	
	
	Low (-10%)
	High (+10%)

	Restrictions
	522
	406
	679

	Restrictions and LRMC
	658
	564
	813

	LRMC
	94
	84
	160

	Cost recovery
	153
	117
	293


Source: Modelling results.

D.

 SEQ Heading2 6
Constant price elasticity demand function

The model’s sensitivity to demand specification was also examined. This was tested by substituting the linear demand function with a constant elasticity of demand function, calibrated to the same elasticity and demand point. Results are shown in figures 
D.16, 
D.17 and 
D.18, and in table 
D.9.
Figure D.

 SEQ Figure \* ARABIC 16
Price distributions for constant elasticity of demand
Under scarcity-based pricing ($/kL)
	

Central estimate



Constant elasticity
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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.
Figure D.

 SEQ Figure \* ARABIC 17
Water in storage for constant elasticity of demand
Under scarcity-based pricing (GL)
	

Central estimate



Constant elasticity
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 18
Mean discounted, truncated investment expenditure for constant elasticity of demanda
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 9
Net social welfare costs of policy constraints for different mean inflow assumptions

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	Constant elasticity demand function

	Restrictions
	522
	644

	Restrictions and LRMC
	658
	822

	LRMC
	94
	106

	Cost recovery
	153
	256


Source: Modelling results. 
D.

 SEQ Heading2 7
Growth rates of demand

The sensitivity of the model results to the growth rate of demand was tested by increasing and reducing the growth rate by 1 percentage point relative to the base case. Results are shown in figures 
D.19, 
D.20 and 
D.21, and in table 
D.10.
Figure D.

 SEQ Figure \* ARABIC 19
Price distributions for different growth rates
Under scarcity-based pricing ($/kL)
	

Low growth rate
High growth rate

[image: image34.emf]0

1

2

3

4

5

2009 2010 2011 2012 2013 2014 2015 2016

a

b

c

d,e

[image: image35.emf]0

1

2

3

4

5

2009 2010 2011 2012 2013 2014 2015 2016

a

b

c

d,e




a Maximum price. b Ninetieth percentile price. c Median price. d Tenth percentile price. e Minimum price.
Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 20
Water in storage for different growth rates
Under scarcity-based pricing (GL)
	

Low growth rate
High growth rate
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 21
Mean discounted, truncated investment expenditure for different growth ratesa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 10
Net social welfare costs of policy constraints for different growth rates

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	Growth rates of demand

	
	
	Low (-1 ppt)a
	High (+1 ppt)a

	Restrictions
	522
	487
	549

	Restrictions and LRMC
	658
	637
	583

	LRMC
	94
	89
	97

	Cost recovery
	153
	134
	176


a ppt.: percentage point

Source: Modelling results. 
D.

 SEQ Heading2 8
Discount rates

The sensitivity of the model results to the discount rate was tested by increasing and reducing the discount rate by 4 percentage points relative to the base case. Results are shown in figures 
D.22, 
D.23 and 
D.24, and in table 
D.11.
Figure D.

 SEQ Figure \* ARABIC 22
Price distributions for different discount rates
Under scarcity-based pricing ($/kL)
	

Low discount rate
High discount rate
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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.
Figure D.

 SEQ Figure \* ARABIC 23
Water in storage for different discount rates
Under scarcity-based pricing (GL)
	

Low discount rate
High discount rate
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 24
Mean discounted, truncated investment expenditure for different discount ratesa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 11
Net social welfare costs of policy constraints for different discount rates

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	Discount rates

	
	
	Low (2 per cent)
	High (10 per cent)

	Restrictions
	522
	540
	507

	Restrictions and LRMC
	658
	789
	816

	LRMC
	94
	98
	92

	Cost recovery
	153
	151
	152


Source: Modelling results. 
D.

 SEQ Heading2 9
Initial storages

The sensitivity of the model results to the initial level of dam storage was tested by increasing and reducing initial storages by 20 per cent relative to the base case level of 35 per cent of capacity. Results are shown in figures 
D.25, 
D.26 and 
D.27, and in table 
D.12.
Figure D.

 SEQ Figure \* ARABIC 25
Price distributions for different initial storages

Under scarcity-based pricing ($/kL)
	

Low initial storage
High initial storage
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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.
Figure D.

 SEQ Figure \* ARABIC 26
Water in storage for different initial storages

Under scarcity-based pricing (GL)
	

Low initial storage
High initial storage
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 27
Mean discounted, truncated investment expenditure for different initial storagesa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 12
Net social welfare costs of policy constraints for different initial storages

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	Initial storage

	
	
	Low (-20 per cent)
	High (+20 per cent)

	Restrictions
	522
	641
	339

	Restrictions and LRMC
	658
	1 320
	580

	LRMC
	94
	116
	87

	Cost recovery
	153
	302
	87


Source: Modelling results. 

D.

 SEQ Heading2 10
Alternative specification of long-run marginal cost pricing
An alternative specification of long-run marginal cost (LRMC) was also examined, in order to test the sensitivity of the LRMC simulations. The alternative specification involved setting all prices based on the levelised cost of the next cheapest source of supply. Initially, this is based on the cost of rural–urban trade. After the pipe has been commissioned, the price increases in line with the cost of desalination. Results are shown in figures 
D.28, 
D.29 and 
D.30, and in table 
D.13.
Figure D.

 SEQ Figure \* ARABIC 28
Price distributions for the alternative LRMC specification

Under scarcity-based pricing ($/kL)
	

Central estimate



Alternative LRMC
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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.
Figure D.

 SEQ Figure \* ARABIC 29
Water in storage for the alternative LRMC specification

Under scarcity-based pricing (GL)
	

Central estimate



Alternative LRMC
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Data source: Modelling results.
Figure D.

 SEQ Figure \* ARABIC 30
Mean discounted, truncated investment expenditure for the alternative LRMC specificationa
Under scarcity-based pricing ($ million)
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a(Includes the total cost of investment in all new supply sources. 

Data source: Modelling results.

Table D.

 SEQ Table \* ARABIC 13
Net social welfare costs of policy constraints for the alternative LRMC specification

Expected, net present value of costs ($ million) relative to scarcity-based pricing, for the next eight years
	Policy
	Central estimate
	Alternative LRMC specification

	Restrictions
	522
	n.a.

	Restrictions and LRMC
	658
	n.a.

	LRMC
	94
	304

	Cost recovery
	153
	n.a.


Source: Modelling results. 

n.a.: not applicable
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