	
	


	
	



1
Introduction

As part of its inquiry into Australia’s Urban Water Sector, the Commission has sought to better understand the factors affecting residential water consumption and the affordability of water and wastewater services for Australian households.

Specifically the Commission wanted information about the impact of:

· socio-economic factors on water consumption, such as household size, household income, housing tenure, dwelling type and receipt of a concession

· inclining block water tariffs on large households

· water charges on low-income households.

To investigate these issues, aggregated billing data was sought from water utilities and matched with Australian Bureau of Statistics (ABS) data from the Australian Census. This allowed econometric and other analysis to be undertaken.

The Commission would like to thank all those who assisted with this research. In particular, the Commission thanks Yarra Valley Water for its invaluable advice and assistance in trialling the data request for water utilities. The Commission is also grateful to Queensland Urban Utilities, South East Water, Sydney Water Corporation and the Water Corporation for providing data for analysis.

In addition, the modelling framework and some preliminary results were presented at a modelling workshop on 1 February 2011 and the Commission is grateful for the feedback received from workshop participants. A draft of this technical supplement was also released for public consultation on 4 May 2011. 

The structure of this technical supplement is as follows. Section 2 summarises recent research on the determinants of residential water consumption and section 3 outlines the data collected and analysed. Section 4 presents the results of econometric models of average household water consumption, average per capita water consumption and average volumetric price for water by collection district or suburb. In section 5, an analysis of water and wastewater service consumption and expenditure patterns of different income groups are discussed. In the last section (section 6), a summary of results is provided.

2
Recent research on the determinants of residential consumption

There has been a large volume of research undertaken internationally and also in Australia on residential water consumption. These studies have primarily sought to inform demand management policies by assessing either the price elasticity of demand for water (for example, Hoffman, Worthington and Higgs 2006) or the effect of household characteristics, including the use of particular appliances, on consumption (for example, Kemp 2004; Troy, Holloway and Randolph 2005; IPART 2004, 2007b, 2008a, 2010a).
Most studies have found that the income elasticity of water is positive but inelastic, reflecting the observation that expenditure on water represents a larger proportion of the income of low-income households than of high‑income households (Worthington and Hoffman 2008). Kemp (2004) found a small link between water demand and income, but surmised that some of the effect was being captured by the household appliances (such as pools and spas) explicitly accounted for in the chosen model.

However, the positive relationship between income and consumption might be complicated by the adoption of household water saving devices. A 2009 survey of household choices related to water and energy in Western Australia (ABS 2010e), found that the adoption of water saving devices was greatest in high‑income households and in those not receiving concessions. Worthington and Hoffman (2008) have suggested that income acts as a proxy for education in determining the adoption of water saving appliances and practices.

Studies have also consistently found that household size is positively related to household water consumption, as larger families (other things equal) will consume more water than smaller families. Kemp (2004), for instance, found that household size was the biggest contributor to household water consumption. In a survey of water demand modelling, Worthington and Hoffman (2008) observe that there is strong but limited empirical evidence of scale economies in water consumption — where the volume of water consumed by a household increases with household size but at a decreasing rate due to competition for water using appliances (such as showers) and greater scope for communal water uses (for example, cooking and clothes washing).

In addition, household composition has been proposed as a determinant of water consumption. IPART (2004), in a survey of water use by households in and around Sydney found that within households with children, those with pre-school aged children used less water than those with children aged six or older, and households with children used less water than households of comparable size composed entirely of adults. Worthington and Hoffman (2008) cite international evidence that residential areas with a higher proportion of younger and older persons have higher levels of water consumption. For younger people, this related to more frequent laundering and use of water-intensive outdoor leisure activities and older people were assessed as more likely to be keen gardeners.

A number of studies have tested the hypothesis that dwelling type, block size and housing tenure might have a significant effect on water consumption. Households occupying free-standing houses are sometimes believed to consume more water than households occupying flats or semi-detached houses which have smaller household sizes, no or smaller gardens and pools, and use less water outdoors. Troy, Holloway and Randolph (2005) and IPART (2010a) found that once household size was accounted for, dwelling type contributed only marginally to household consumption. However, those living in houses on large blocks have been shown to consume more water than those living in houses on smaller blocks, due to larger gardens (IPART 2004).

Hoffman, Worthington and Higgs (2006), in a study of household consumption in Brisbane, found that the price elasticity of demand for tenants was less elastic than for owner occupiers. This reflected a legislated requirement for landlords to provide an unmetered minimum allowance of water to their tenants that effectively meant they did not receive a water usage bill. Kemp (2004) also found that water use was higher for those that did not receive a water bill. However, IPART (2010a) concluded that amongst tenants, paying water usage charges did not have a significant influence on the volume of water a household consumed. Conversely, Grafton et al (2009) in a study of residential water consumption in OECD countries found that households paying a volumetric water charge consume about a quarter less water than those that do not. 

A number of studies have shown residential water consumption to be highly sensitive to seasonal factors (Worthington and Hoffman 2008), reflecting the influence of weather and climate. A 2011 study of the residential price elasticity of demand for water in Sydney found that rainfall and evaporation in different areas of Sydney had a statistically significant effect on residential water consumption (Abrams et al. 2011).
3
Data

The approach taken for this study was to merge 2005-06 and 2009-10 billing data for water and wastewater services from Australian water utilities with socio‑economic data about households collected by the ABS in the 2006 Census. It was hoped that this would:

· provide a rich dataset to investigate the factors affecting residential water consumption and distributional effects of different tariff regimes

· enable the collection of data from a wide geographic area and be inclusive of consumers in different jurisdictions, and in metropolitan and regional urban localities, consistent with the scope of the Commission’s inquiry.

The most robust dataset would have included information from households at the household level, but due to confidentiality constraints, this was not possible.

Instead, Census data from the ABS was obtained and merged with billing data from water utilities aggregated at the Census collection district level and in one case at the suburb level. The Census collection district is the most detailed level of Census data published by the ABS and equates to about 250 households on average. A similar approach was undertaken by Hoffman, Worthington and Higgs (2006) (at the suburb level) to estimate the price elasticity of demand for water in Brisbane.

The use of aggregated data necessarily generates values for consumption and socio‑economic factors that represent means and medians over a geographical area. This must be taken into account in interpreting the results of the analysis. On the whole, the analysis of mean and median values is likely to understate the variation that occurs at the household level.

ABS Census data

The ABS data were taken from the 2006 Census, and provided information for Australian households such as income, household size, dwelling type and tenure. In addition, the Socio‑Economic Index for Areas (SEIFA) compiled by the ABS provide sophisticated summary statistics for social advantage and disadvantage. There are four SEIFA, each of which measures advantage and disadvantage in a different way (ABS 2006a).

Water utility billing data

A range of consumption and expenditure data for water and wastewater services was sought from water utilities to enable calculation of a number of mean statistics by collection district or suburb including average household consumption, average per capita consumption and the average volumetric price for water. The data sought included the number of connections, billing days, water consumption in kilolitres (kL), volumetric charges, service charges, value of concessions and rebates and number of customer accounts receiving them.

The information was sought for two years, 2005-06 and 2009-10, for water and wastewater accounts with a full year of billing data. The benefit of obtaining data at different points in time is that it provides a basis with which to assess the stability of the estimates or changes in the estimates over time.

A data request was trialled with the assistance of Yarra Valley Water, a Victorian water utility servicing some 620 000 residential customers within the Melbourne metropolitan area, to confirm the feasibility of aggregating data at the Census collection district level. Aggregating the data required the mapping of individual customers to Census collection districts in a geographical information system and cross referencing with a metering or billing system.

The data request was then provided to major water utilities in each state except Tasmania. The Commission received data from four water utilities at the Census collection district level — Yarra Valley Water and South East Water in Melbourne, Sydney Water Corporation (Sydney) and Queensland Urban Utilities (Brisbane). The Water Corporation in Western Australia provided data at the suburb level. The task of aggregating billing data for geographical areas required considerable skill and effort on the part of water utility staff and the Commission is grateful for their assistance.

Due to differences in utility billing systems, the data able to be aggregated at Census collection district or suburb level varied. At a minimum, all water utilities were able to provide customer numbers and annual water consumption for 2009-10. Some utilities were also able to provide data for 2005-06. The coverage of the resulting data sets included the cities of Melbourne, Sydney and Brisbane and the majority of Western Australia, including Perth.

Cleaning the data

There were two main challenges with merging Census data with water utility billing data.

First, the boundaries of the utility’s service areas might overlap only partially into a collection district or suburb, or only a proportion of dwellings in a Census collection district or suburb might be serviced. If this occurs there is a risk that consumption patterns of a small sample of water utility customers might not be reflective of the entire collection district.

Second, changes to the demographics of Census collection districts and suburbs might have occurred between the 2006 Census and 2009-10. Although the demographics of areas will tend to change slowly over time, residential developments within existing boundaries might result in a rapid change in their demography.

To ensure there was a material degree of overlap between utility billing data and Census data, the datasets were cleaned of all observations where the difference between the number of dwellings reported in the Census and the number of customers reported by water utilities in each collection district or suburb was greater than 50 per cent of the number of customers. In addition, collection districts with average annual household consumption of less than 25 kL and more than 800 kL were removed as outliers.

As the Census collection district and suburb dwelling numbers are based on a household’s principal place of residence, this approach also acts to reduce the effect of observations from areas with a high proportion of holiday homes that are only occupied during part of the year.

Table 1 provides a summary of selected statistics for each of the five water utilities. Of particular note is the relatively large mean of average household water consumption for suburbs in Western Australia in 2009-10, of about 300 kL per annum
, compared to the mean for collection districts in Melbourne, Brisbane and Sydney which ranged between 140 and 220 kL per annum in 2005-06 and 2009-10.

Also of note is the significant reduction in average household water consumption in Melbourne between 2005‑06 and 2009‑10 of about a quarter. This was a period in which water restrictions in Melbourne increased from level 2 to level 3a and greatly constrained outdoor water use, public information campaigns urged people to consume less water and prices increased considerably.

4
Water consumption model 

In order to provide greater insights into the complex interrelationships between socio-economic factors affecting residential water consumption and the distributional effects of different tariff regimes, an econometric modelling exercise was undertaken.
Table 1
Data summary, selected statistics

	
	
	 
	Average household water
consumption (kL/year)
	 
	Average per capita
consumption (kL/year)
	 
	Average volumetric
price (cents/kL)

	
	Number of observationsa
	
	Mean
	Standard
deviation
	Min
	Max
	
	Mean
	Standard
deviation
	Min
	Max
	 
	Mean
	Standard
deviation
	Min
	Max

	Queensland Urban Utilities (Brisbane)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2009-10
	1536
	
	154
	27
	49
	301
	
	62
	8
	20
	130
	
	190
	3
	183
	213

	South East Water (Melbourne)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2005-06
	2149
	
	186
	52
	88
	611
	
	73
	15
	33
	204
	
	86
	5
	68
	119

	2009-10
	2102
	
	143
	32
	42
	420
	
	56
	9
	24
	140
	
	130
	6
	119
	186

	Sydney Water Corporation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2005-06
	5028
	
	220
	55
	28
	698
	
	78
	15
	11
	239
	
	–
	–
	–
	–

	2009-10
	5023
	
	213
	52
	33
	645
	
	75
	15
	22
	233
	
	187
	0
	187
	187

	Water Corporationb
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2009-10 (WA)
	460
	
	313
	96
	105
	763
	
	122
	31
	50
	305
	
	95
	21
	68
	252

	2009-10 (Perth)
	247
	
	298
	67
	162
	552
	
	114
	18
	70
	176
	
	84
	6
	68
	106

	Yarra Valley Water (Melbourne)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2005-06
	2412
	
	207
	54
	104
	661
	
	77
	14
	54
	220
	
	87
	4
	78
	115

	2009-10
	2408
	
	157
	32
	77
	414
	
	59
	8
	40
	143
	
	131
	5
	122
	166


a The number of observations equates to the number of collection districts, with the exception of the Water Corporation, for which it equates to the number of suburbs.  b The dataset Water Corporation (WA) includes all suburbs in Western Australia serviced by the Water Corporation. The dataset for Water Corporation (Perth) includes only those suburbs in the Perth metropolitan area. – Data not available.
Source: Productivity Commission estimates.

Model specification

Based on the findings of previous studies of the determinants of household water consumption and the factors of interest to the Commission, the following model of residential water consumption was hypothesised.
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The inclusion of price in the model is complicated by the inclining block tariff (IBT) structure in place in a number of areas of Australia. Under IBTs, the average price paid per kilolitre of water increases as consumption rises beyond an initial consumption block. As a result, price is endogenous to consumption (simultaneity) and when using the ordinary least squares technique, regressing consumption against price results in the anomalous result of a positive coefficient. Other econometric techniques might be more appropriate in the presence of simultaneity, however, these are more complex and there is no consensus as to which technique is most appropriate or whether the resulting estimates vary greatly from ordinary least squares (Arbués, García-Valiñas and Martínez-Espiñeira 2003). In addition, there is some debate about whether consumers respond to the average price or marginal price of water, and consequently, how price should be specified. As price elasticity was not a major factor of interest to the Commission in the study and the considerable complexity in terms of both technique and data requirements involved in including it, price was excluded from the model.

However, various utility or jurisdiction specific differences, such as water restrictions and concession arrangements, mean that demand functions for water are likely to vary considerably in each jurisdiction anyway. A decision was made to run separate regressions for each water utility, eliminating the need to include some variables representing jurisdictional differences. The results should therefore be interpreted as the effect of the explanatory variables on the dependent variable, given price and other jurisdictional characteristics.

The inclusion of household composition in the model also presented difficulties. Various measures of household composition, such as proportions of different age groups, are highly correlated with household size. For example, households with persons over 65 years tend to be smaller and those with persons under 19 years tend to be larger.
The proportions of people in two age groups, those over 65 years and those under 19 years of age, were initially included in the model to reflect differences in household composition. The results from these models showed an unexpectedly high influence of the over 65 age variable, particularly relative to average household size. Given the high correlation between the age groups considered and average household size, investigation of multicollinearity was warranted and variance inflation factors (VIF) were calculated. The highest VIF was within the rule of thumb threshold for multicollinearity of a VIF of 10 indicating that though multicollinearity was present, it was not of significant concern. The regressions were also rerun excluding the age and average household size variables in turn. The R2 of the resulting models were materially lower, however not as low as would be expected from the exclusion of a principal explanatory variable, suggesting a significant overlap in explanatory power between the variables. As household size was the primary interest of the analysis, the household composition variable was excluded from the model.

As such, the following fit-for-purpose model of water consumption was chosen.
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Choice of representative statistics

The Census contains a wide range of statistical measures and there were several choices for representative measures for some of the hypothesised influences on residential water consumption. Table 2 provides a summary of the chosen explanatory variables and the expected sign of their coefficients in the regression results.

There was only one relevant measure of household size, average household size (AvgHHSize), and this was expected to be positively related to residential water consumption.

For income, variable choices included median individual income, median household income and median family income. Median household income (MedHHIncome) was chosen on the basis that it better reflects the prevalence of multiple income families and shared living arrangements, and was expected to be positively related to residential water consumption.

For housing tenure, the proportion of owner occupied dwellings (PropOwnOcc) was chosen over the proportion of rented dwellings. On one hand, owner occupiers might be more likely to receive a bill for water usage and have greater incentive to invest in water saving appliances and this variable would be expected to be negatively related to consumption. On the other hand, being an owner occupier might signal greater wealth, and increase water consumption in a similar way as higher incomes are expected to do.

Table 2
Definition of variables

	Factor
	Variable name
	Description
	Expected sign

	Household size
	AvgHHSize
	Average household size
	+

	Income
	MedHHIncome
	Median household income
	+

	Housing tenure
	PropOwnOcc
	Proportion of households that are owner occupied
	+ / –

	Dwelling type
	PropFlatsUnitsApts
	Proportion of dwellings that are flats, units and apartments
	+

	Block size
	CustDensity
	Customer density per square km
	–

	Concession status
	PropConCust
	Proportion of concession customers
	+

	Other socio‑economic factors
	SEIFAPercentile
	The SEIFA state percentile for the Index of education and occupation
	–

	Climate
	Latitude and
Longitude
	The latitude and longitude coordinates of the collection district or suburb.
	+ / –


For dwelling type, the proportion of flats, units and apartments (PropFlatsUnitsApts) was chosen as opposed to the proportion of separate houses, semi-detached houses or other dwelling types. As many multi-dwelling buildings have a single water meter and individual occupants do not receive a water bill, the proportion of dwellings in a collection district or suburb that are flats, units and apartments was expected to be positively related to water consumption, once other factors (household size, block size) were taken into account.

There are no measures in the Census that directly represent block size. However, the number of water utility customers per square kilometre of a collection district or suburb (CustDensity) can be calculated and used as a proxy for housing density. Customer density is likely to be negatively correlated with block size and was expected to be negatively related to residential water consumption.

Concessions for low-income and disadvantaged households are commonly provided by state, territory and local governments on water and wastewater bills. If concessions apply to the variable component of a water bill, they can reduce the marginal price of water and might increase consumption. The proportion of customers in a collection district or suburb receiving a concession was calculated (PropConCust) and was expected to be positively related with water consumption for utilities where concessions are applied to the volumetric component of the bill.

As prior research has indicated that higher levels of education and occupational status might increase water saving behaviour, the ABS’s SEIFA Index of Education and Occupation, was included (SEIFAPercentile). It was anticipated that this measure would be negatively related to water consumption.

No annual climate or weather information such as mean temperatures or rainfall were available by collection district or suburb level. Instead, the latitude (Latitude) and longitude (Longitude) coordinates of each collection district and suburb were included in the model to capture differences in climate between different areas moving from north to south and from east to west. Geographical coordinates were anticipated to be more influential on water consumption in the case of water utilities with large service areas incorporating a range of climates, such as the Water Corporation in Western Australia, than for utilities servicing a single city or an area of a city — although as indicated by Abrams et al. 2011, the effect of climate and weather can be statistically significant within cities. For latitude, a positive (negative) coefficient indicates greater (less) water use in the north than in the south, and for longitude, a positive (negative) coefficient indicates greater (less) consumption in the east than in the west. Australia’s latitude coordinates are negative (reflecting its position in the southern hemisphere) and get larger in absolute terms moving towards the south. Longitude coordinates are positive and get larger moving towards the east.
Modelling results

Ordinary least squares regressions of average household consumption, average per capita consumption and the average volumetric price of water against the chosen explanatory variables were run. Tables 3, 5 and 7 show standardised coefficients, heteroscedasticity corrected p‑values, coefficients of determination (R2 or ‘goodness of fit’) and F‑values, for 2005-06 and 2009‑10 for each of the five water utilities where data was available.

Standardised coefficients are presented due to the difficulty in comparing the relative influence of variables with different units of measurement such as income (measured in dollars) and household size (measured in persons). Standardised coefficients show the estimated change in the dependent variable in units of standard deviation, from a one standard deviation change in the explanatory variable. They are primarily used to estimate the relative influence on a dependent variable of explanatory variables with different units of measurement — greater absolute values of a standardised coefficient imply greater influence of that variable on the dependent variable. Full regression results, including nominal coefficients and standards errors, are included in appendix A.
Grouped data exhibits heteroscedasticity (unequal variance of the disturbances) if the number of observations in each grouping differs. This is the case within collection districts, which contain 250 households on average, but this can vary. Heteroscedasticity will not bias the estimates but can result in calculated coefficients that are not the best possible and can affect the standard deviation and p-values, resulting in incorrect conclusions about the significance of the coefficients (Gujarati 1995). As a result, White’s heteroscedasticity-consistent variances and standard errors are used.
The resulting R2 of about 0.5–0.6 for the 2005‑06 and 2009-10 models of average household consumption were atypically high for cross-sectional regressions indicating the model accounts for about 50 to 60 per cent of the variation in the data. The R2 values of the per capita annual use and average volumetric price models were lower, ranging between 0.15 and 0.60.

The high R2 are, in part, a function of the grouped nature of the data under analysis. If the model was applied to household level data, the R2 values of each of the regressions would be considerably lower. This is because the means of the grouped data tend to cluster around the regression line more closely than household level observations (Koutsoyiannis 1977).
The correct interpretation of the model is therefore as a model of average consumption or prices across collection districts and suburbs regressed on mean and median characteristics of those collection districts and suburbs. Given the purpose of this study is to show the relative influence and sign of different factors on water consumption and prices, rather than the impact of a unit change in a particular variable, this will not affect the validity of the results.
Average household consumption

Table 3 shows the results for the regression of average household consumption on the chosen explanatory variables for the five utilities for 2009-10, and where data was available, 2005-06.

Table 3
Regression results – Average annual household consumption

	
	Queensland Urban Utilities (Brisbane)a
	
	South East Water (Melbourne)
	
	Sydney Water Corporationb
	
	Water Corporation
(WA)a, c
	
	Yarra Valley Water (Melbourne)

	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize
	–
	–
	
	0.4947
	<.0001
	
	0.5499
	<.0001
	
	–
	–
	
	0.4048
	<.0001

	MedHHIncome
	–
	–
	
	0.3482
	<.0001
	
	0.3595
	<.0001
	
	–
	–
	
	0.6892
	<.0001

	PropOwnOcc
	–
	–
	
	0.0983
	0.0038
	
	-0.1247
	<.0001
	
	–
	–
	
	-0.0271
	0.3499

	CustDensity
	–
	–
	
	-0.1185
	0.0020
	
	-0.1499
	0.0002
	
	–
	–
	
	-0.1847
	<.0001

	PropFlatsUnitsApts
	–
	–
	
	0.0683
	0.0323
	
	0.0860
	<.0001
	
	–
	–
	
	0.1482
	<.0001

	PropConCust
	–
	–
	
	0.0815
	0.0418
	
	–
	–
	
	–
	–
	
	0.1775
	<.0001

	SEIFAPercentile
	–
	–
	
	0.1726
	<.0001
	
	-0.1815
	<.0001
	
	–
	–
	
	-0.0976
	0.0017

	Longitude
	–
	–
	
	-0.0090
	0.7105
	
	0.1300
	<.0001
	
	–
	–
	
	-0.0961
	<.0001

	Latitude
	–
	–
	
	-0.1767
	<.0001
	
	0.1028
	<.0001
	
	–
	–
	
	0.0128
	0.4681

	R2
	–
	–
	
	0.5734
	–
	
	0.4661
	–
	
	–
	–
	
	0.6809
	–

	Adjusted R2
	–
	–
	
	0.5716
	–
	
	0.4652
	–
	
	–
	–
	
	0.6796
	–

	F value
	–
	–
	
	318.85
	<.0001
	
	547.52
	<.0001
	
	–
	–
	
	550.42
	<.0001

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize
	0.7334
	<.0001
	
	0.7360
	<.0001
	
	0.5769
	<.0001
	
	0.2104
	<.0001
	
	0.5602
	<.0001

	MedHHIncome
	0.1635
	0.0005
	
	0.2984
	<.0001
	
	0.3474
	<.0001
	
	0.3057
	<.0001
	
	0.5555
	<.0001

	PropOwnOcc
	0.0215
	0.6420
	
	-0.0941
	0.0064
	
	-0.0889
	<.0001
	
	0.0541
	0.3251
	
	-0.1636
	<.0001

	CustDensity
	-0.0442
	0.3331
	
	-0.1204
	0.0038
	
	-0.1445
	0.0001
	
	-0.2428
	<.0001
	
	-0.1757
	<.0001

	PropFlatsUnits
	0.1496
	0.0009
	
	0.0895
	0.0046
	
	0.1486
	<.0001
	
	0.0378
	0.2460
	
	0.1441
	<.0001

	PropConCust
	-0.0451
	0.1761
	
	0.0441
	0.1681
	
	–
	–
	
	-0.0104
	0.8455
	
	0.1452
	<.0001

	SEIFAPercentile
	-0.0071
	0.7743
	
	0.1124
	0.0046
	
	-0.19851
	<.0001
	
	–
	–
	
	-0.1841
	<.0001

	Longitude
	-0.0265
	0.2009
	
	-0.0241
	0.3732
	
	0.12262
	<.0001
	
	-0.0176
	0.6659
	
	-0.2296
	<.0001

	Latitude
	-0.0354
	0.0304
	
	-0.0548
	0.0119
	
	0.12225
	<.0001
	
	0.5434
	<.0001
	
	-0.0397
	0.0330

	R2
	0.6106
	–
	
	0.6070
	–
	
	0.4837
	–
	
	0.6873
	–
	
	0.6506
	–

	Adjusted R2
	0.6083
	–
	
	0.6053
	–
	
	0.4828
	–
	
	0.6817
	–
	
	0.6493
	–

	F value
	265.92
	<.0001
	
	358.87
	<.0001
	
	586.95
	<.0001
	
	123.89
	<.0001
	
	479.82
	<.0001


a Data for Queensland Urban Utilities and Water Corporation (WA) were not available for 2005-06. b No data for the proportion of customers who receive a concession was available for Sydney Water Corporation. c Data for the Water Corporation is aggregated at the suburb level and a statistic for SEIFAPercentile is not available. 
Source: Productivity Commission estimates.

In relation to changes in the influence of these factors over time, for the Melbourne water utilities, South East Water and Yarra Valley Water, the standardised coefficient for average household size increased between 2005-06 (0.49, 0.40) and 2009-10 (0.74, 0.56) and the coefficients for median household income decreased (from 0.35 to 0.30 for South East Water and from 0.69 to 0.56 for Yarra Valley Water). This was a period in which average household water consumption in Melbourne decreased by about a quarter due to a heightening of water restrictions, public information campaigns urging water conservation and increases in price. The change in relative influence of the two variables might therefore indicate that average household size is a stronger determinant of non‑discretionary water use and household income of discretionary consumption.

To test this conclusion, South East Water provided water consumption data for 2005-06 and 2009-10 recorded quarterly
, to see if standardised coefficients were different for winter usage, of which a greater proportion of water use was assumed to be non-discretionary, and summer usage, of which a greater proportion was assumed to be discretionary. The average quarterly household consumption and standardised coefficients for average household size and median household income from the regression of average quarterly water consumption on the chosen explanatory variables for South East Water for 2005-06 and 2009-10 is presented in table 4 (standardised coefficients and p-values for all explanatory variables are presented in appendix A).

Consistent with the pattern observed for annual consumption between 2005-06 and 2009‑10, the standardised coefficients for average household size were greater in the quarters where recorded consumption overlapped with winter (quarters 1 and 2) and in which average consumption was relatively low, than in those quarters overlapping the summer (quarters 3 and 4) in which consumption was relatively high. Likewise, the standardised coefficients for median household income are higher in the quarters overlapping summer than those overlapping winter.

In contrast to the Melbourne water utilities, the relative influence of household size and income on household consumption for Sydney Water did not vary greatly between 2005-06 (0.55, 0.36) and 2009‑10 (0.58, 0.35) but Sydney did not experience a significant change in household water consumption during the period — Sydney Water Corporation’s average water consumption per household declined by less than 3 per cent.
Table 4
Consumption by collection district recorded quarterly and standardised coefficients for selected explanatory variables, South East Water, 2005-06 and 2009-10

	
	Quarter 1
1 Jul – 30 Sep
	Quarter 2
1 Oct – 31 Dec
	Quarter 3
1 Jan – 31 Mar
	Quarter 4
1 Apr – 30 Jun

	Average household consumption
	
	

	2005-06 (kL)
	42.0
	42.5
	53.3
	49.2

	2009-10 (kL)
	34.0
	34.4
	38.3
	36.7

	Standardised coefficient
	
	
	
	

	Average household size
	
	
	
	

	2005-06
	0.56
	0.62
	0.39
	0.40

	2009-10
	0.77
	0.84
	0.63
	0.63

	Median household income
	
	
	
	

	2005-06
	0.31
	0.29
	0.34
	0.33

	2009-10
	0.26
	0.25
	0.30
	0.31


Source: Productivity Commission estimates.

For the Water Corporation (WA) in 2009-10, the standardised coefficient for latitude (0.54) was the largest in absolute terms, indicating that climate had the most influence on consumption, and was positive, indicating that suburbs in the north of the state consumed more water than those in the south of the state. This is despite a pattern of average prices for water generally increasing with latitude.
 This conformed with expectations that households in warmer climates would consume more water than those in cooler climates. For the other utilities, geographical coordinates were either not statistically significant or had smaller standardised coefficients. The second largest standardised coefficient for one of the geographical coordinate variables in absolute terms was longitude for Yarra Valley Water in 2009-10 (-0.23) indicating consumption was higher in the west of that utility’s service area than in the east — this itself conformed with expectations as Melbourne’s eastern suburbs receive more rainfall than its western suburbs (BOM 2011a).

For each of the utilities in 2005-06 and 2009-10 except Queensland Urban Utilities, customer density was statistically significant and had a negative sign indicating that smaller block sizes are associated with less water use.

In all cases except for the Water Corporation (WA), the coefficient for the proportion of flats, units and apartments was positive and statistically significant, indicating that living in a multi‑dwelling property increases water consumption when other factors are taken into account. This supports the contention that the use of a single meter for multi-dwelling buildings and lack of individual billing might increase water consumption.

The results for the other variables included in the model of water consumption were less clear.

The coefficient of the proportion of concession customers was positive and statistically significant for both Melbourne water utilities in 2005-06 and for Yarra Valley Water in 2009-10 suggesting concessions increase water consumption. However, the coefficient for the concessions variable was not statistically significant in regressions for other water utilities and years. 
It was expected that the proportion of owner occupiers could have a negative coefficient, reflecting the greater likelihood of receiving a water bill and increased incentives to install water saving appliances, or a positive coefficient, reflecting greater wealth of these households. Although statistically significant and negative in half the regressions, the coefficient for this variable was also statistically significant and positive in one regression (South East Water, 2005-06) and not statistically significant in another three cases. The mixed results for this variable could be due to different relative strengths of water conservation and wealth influences between utilities and years but this could not be confirmed.

The SEIFA percentile, which was expected to be negative given prior research that higher education and occupation skills resulted in greater water saving behaviour, was statistically significant in six of the seven regressions in which the variable was included and negative in four of these. On balance, this supports the contention that educational and occupational status has a negative relationship with household water consumption.
Average per capita consumption

The results for the regression of average per capita annual water consumption on the chosen model of water demand are presented in table 5. The signs of the coefficients for this regression mirror the results for average household consumption, except for the standardised coefficient for average household size, which is negative (and statistically significant) in all cases except for Sydney Water Corporation in 2009-10. This conforms with the expectation that there would be scale economies in the use of water within households.
Table 5
Regression results – Average per capita annual consumption

	
	Queensland Urban Utilities (Brisbane)a
	 
	South East Water (Melbourne)
	 
	Sydney Water Corporationb
	 
	Water Corporation
(WA)a, c
	 
	Yarra Valley Water (Melbourne)

	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value
	
	Standardised coefficient
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize
	–
	–
	
	-0.2511
	<.0001
	
	-0.0483
	0.0247
	
	–
	–
	
	-0.26396
	<.0001

	MedHHIncome
	–
	–
	
	0.4310
	<.0001
	
	0.4146
	<.0001
	
	–
	–
	
	0.88765
	<.0001

	PropOwnOcc
	–
	–
	
	0.1441
	0.0047
	
	-0.1476
	<.0001
	
	–
	–
	
	-0.00789
	0.8561

	CustDensity
	–
	–
	
	-0.1641
	0.0018
	
	-0.1578
	0.0025
	
	–
	–
	
	-0.27308
	<.0001

	PropFlatsUnits
	–
	–
	
	0.1053
	0.0319
	
	0.1338
	<.0001
	
	–
	–
	
	0.23240
	<.0001

	PropConCust
	–
	–
	
	0.0892
	0.0892
	
	-
	-
	
	–
	–
	
	0.22275
	<.0001

	SEIFAPercentile
	–
	–
	
	0.2050
	0.0002
	
	-0.2317
	<.0001
	
	–
	–
	
	-0.13371
	0.0038

	Longitude
	–
	–
	
	-0.0158
	0.6166
	
	0.1840
	<.0001
	
	–
	–
	
	-0.15936
	<.0001

	Latitude
	–
	–
	
	-0.1990
	<.0001
	
	0.1300
	<.0001
	
	–
	–
	
	-0.00384
	0.8760

	R2
	–
	–
	
	0.2545
	–
	
	0.1514
	–
	
	–
	–
	
	0.3847
	-

	Adjusted R2
	–
	–
	
	0.2514
	–
	
	0.1500
	–
	
	–
	–
	
	0.3823
	-

	F value
	–
	–
	
	80.99
	<.0001
	
	111.88
	<.0001
	
	–
	–
	
	161.31
	<.0001

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize
	-0.3077
	<.0001
	
	-0.1388
	0.0009
	
	-0.0332
	0.1095
	
	-0.2654
	<.0001
	
	-0.2505
	<.0001

	MedHHIncome
	0.1569
	0.0120
	
	0.3733
	<.0001
	
	0.4077
	<.0001
	
	0.3427
	<.0001
	
	0.7054
	<.0001

	PropOwnOcc
	0.0670
	0.2955
	
	-0.1395
	0.0065
	
	-0.1067
	<.0001
	
	0.0804
	0.2291
	
	-0.2133
	<.0001

	CustDensity
	-0.0391
	0.5210
	
	-0.1506
	0.0053
	
	-0.1556
	0.0018
	
	-0.3018
	<.0001
	
	-0.2471
	<.0001

	PropFlatsUnits
	0.2895
	<.0001
	
	0.1542
	0.0013
	
	0.2158
	<.0001
	
	0.0358
	0.3807
	
	0.2364
	<.0001

	PropConCust
	-0.0828
	0.0733
	
	0.0441
	0.3559
	
	–
	–
	
	-0.0226
	0.7273
	
	0.1593
	0.0001

	SEIFAPercentile
	-0.0174
	0.6242
	
	0.1539
	0.0056
	
	-0.2544
	<.0001
	
	–
	–
	
	-0.2673
	<.0001

	Longitude
	-0.0160
	0.5303
	
	-0.0182
	0.6184
	
	0.1717
	<.0001
	
	-0.0361
	0.4677
	
	-0.3311
	<.0001

	Latitude
	-0.0598
	0.0086
	
	-0.0441
	0.1263
	
	0.1574
	<.0001
	
	0.6382
	<.0001
	
	-0.0729
	0.0052

	R2
	0.2266
	–
	
	0.2487
	–
	
	0.1650
	–
	
	0.5438
	–
	
	0.2956
	–

	Adjusted R2
	0.2220
	–
	
	0.2455
	–
	
	0.1637
	–
	
	0.5357
	–
	
	0.2929
	–

	F value
	49.68
	<.0001
	
	76.91
	<.0001
	
	123.86
	<.0001
	
	67.20
	<.0001
	
	108.13
	<.0001


a Data for Queensland Urban Utilities and Water Corporation (WA) were not available for 2005-06.  b No data for the proportion of customers who receive a concession was available for Sydney Water Corporation.  c Data for the Water Corporation is aggregated at the suburb level and a statistic for SEIFAPercentile is not available.
Source: Productivity Commission estimates.

Average volumetric price

As well as the determinants of household and per capita consumption, the Commission wanted to investigate whether IBTs disadvantage large households.

Inclining block tariffs are common in Australia and are often supported on the basis that they can provide an initial or essential level of water use at a low or affordable price while imposing incentives to conserve water at high levels of consumption. However, it has also been suggested that IBTs impose higher average volumetric charges on large households. Table 6 shows the inclining block tariffs in place in Brisbane, Melbourne and Perth in 2005-06 and 2009-10 for which the Commission has relevant expenditure data.

Sydney Water Corporation maintained a two block IBT in 2005-06, but figures for expenditure in the second block (usage greater than 400 kL) were not available by collection district for this year and by 2009-10 Sydney Water had reverted to a flat volumetric tariff. As a consequence it was excluded from the analysis. In Western Australia, five different IBTs are applied to towns outside the Perth metropolitan area based on cost of service of a particular area. The data used for the Water Corporation regression was therefore limited to the metropolitan area of Perth to enable interpretation of the results for a single tariff regime.
Table 6
Inclining block tariffs, 2005-06 and 2009-10

	
	Queensland Urban Utilities (Brisbane)a
	 
	South East Water (Melbourne)
	 
	Water Corporation (Perth)a
	 
	Yarra Valley Water (Melbourne)

	Block
	Use
	Price
	
	Use
	Price
	
	Use
	Price
	 
	Use
	Price

	
	kL
	$
	
	kL
	$
	
	kL
	$
	
	kL
	$

	2005-06
	
	
	
	
	
	
	
	
	
	
	

	First
	–
	–
	
	0–40
	0.78
	
	–
	–
	
	0–40
	0.78

	Second
	–
	–
	
	40–80
	0.92
	
	–
	–
	
	40–80
	0.92

	Third
	–
	–
	
	>80
	1.44
	
	–
	–
	
	>80
	1.36

	2009-10
	
	
	
	
	
	
	
	
	
	
	

	First
	0–255
	1.84
	
	0–160
	1.24
	
	0–150
	0.73
	
	0–160
	1.25

	Second
	256–310
	1.88
	
	160–320
	1.50
	
	150–350
	0.88
	
	160–320
	1.47

	Third
	>310
	2.39
	
	>320
	2.43
	
	351–550
	1.02
	
	>320
	2.17

	Fourth
	–
	–
	
	–
	–
	
	551–950
	1.54
	
	–
	–

	Fifth
	–
	–
	
	–
	–
	
	>950
	1.78
	
	–
	–


a(The Commission did not have consumption and expenditure data for 2005-06 for these utilities and tariff information for this year was excluded from the table to improve readability.

Sources: ESC (2011b); NWC and WSAA (2011).

The results from regression of average volumetric price paid by residents of collection districts in Melbourne and Brisbane and of suburbs in Perth is shown in table 7.

The standardised coefficients for average household size were positive and statistically significant for each utility in 2005-06 and 2009-10, except for the Perth metropolitan area where the coefficient was not statistically significant. This indicates that the average volumetric price is positively related to household size and IBTs result in higher average volumetric prices for larger households.

The coefficients for median household income were statistically significant and positive and exceeded the coefficients for average household size in all cases except for Queensland Urban Utilities in 2009-10 where the coefficient for median household income was actually negative (-0.17), implying the IBT was regressive for that utility.

An explanation for the insignificant coefficient result for household size for Perth might lie in the higher housheold water consumption levels in Perth, compared to those in other jurisdictions. As discussed in relation to the results for the model of average household water consumption, average household size might be a stronger determinant of non‑discretionary consumption, and income a stronger determinant of discretionary consumption.

In 2009-10, the mean of average household water consumption for Perth suburbs was 298 kL per year (table 1) and almost twice as much as that for collection districts serviced by Queensland Urban Utilities (154 kL), South East Water (143 kL) and Yarra Valley Water (157 kL). During 2009-10, households in Perth are therefore likely to have engaged in more discretionary water consumption than those in Melbourne and Brisbane and as such, household size could reasonably be expected to have relatively less influence on consumption and average volumetric price than income in that city (which was the most influential variable).

Table 7
Regression results – Average volumetric price

	
	Queensland Urban Utilities (Brisbane)a
	
	South East Water (Melbourne)
	
	Sydney Water Corporationb
	
	Water Corporation
(Perth)a, c
	
	Yarra Valley Water (Melbourne)

	
	Standardised coefficient
	P‑value
	 
	Standardised coefficient
	P‑value
	 
	Standardised coefficient
	P‑value
	 
	Standardised coefficient
	P‑value
	 
	Standardised coefficient
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize
	–
	–
	
	0.2710
	<.0001
	
	–
	–
	
	–
	–
	
	0.1884
	<.0001

	MedHHIncome
	–
	–
	
	0.2959
	<.0001
	
	–
	–
	
	–
	–
	
	0.8222
	<.0001

	PropOwnOcc
	–
	–
	
	0.0662
	<.0001
	
	–
	–
	
	–
	–
	
	-0.0561
	0.0452

	CustDensity
	–
	–
	
	-0.2376
	0.0908
	
	–
	–
	
	–
	–
	
	-0.2713
	<.0001

	PropFlatsUnitsApts
	–
	–
	
	0.0493
	<.0001
	
	–
	–
	
	–
	–
	
	0.2270
	<.0001

	PropConCust
	–
	–
	
	0.0580
	0.2751
	
	–
	–
	
	–
	–
	
	0.2629
	<.0001

	SEIFAPercentile
	–
	–
	
	0.2823
	0.1685
	
	–
	–
	
	–
	–
	
	-0.0222
	0.5224

	Longitude
	–
	–
	
	-0.0753
	<.0001
	
	–
	–
	
	–
	–
	
	-0.0887
	<.0001

	Latitude
	–
	–
	
	-0.2667
	0.0042
	
	–
	–
	
	–
	–
	
	0.0899
	<.0001

	R2
	–
	–
	
	0.4001
	–
	
	–
	–
	
	–
	–
	
	0.5714
	–

	Adjusted R2
	–
	–
	
	0.3975
	–
	
	–
	–
	
	–
	–
	
	0.5698
	–

	F value
	–
	–
	
	158.20
	<.0001
	
	–
	–
	
	–
	–
	
	343.98
	<.0001

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize
	0.5362
	<.0001
	
	0.2579
	<.0001
	
	–
	–
	
	0.0732
	0.3492
	
	0.1154
	0.0014

	MedHHIncome
	-0.1656
	0.0042
	
	0.3439
	<.0001
	
	–
	–
	
	0.4842
	<.0001
	
	0.6916
	<.0001

	PropOwnOcc
	0.2604
	<.0001
	
	-0.1414
	0.0021
	
	–
	–
	
	0.0183
	0.7945
	
	-0.2738
	<.0001

	CustDensity
	0.0011
	0.9589
	
	-0.2748
	0.0001
	
	–
	–
	
	-0.3749
	<.0001
	
	-0.2821
	<.0001

	PropFlatsUnitsApts
	0.0647
	0.1552
	
	0.0527
	0.2718
	
	–
	–
	
	0.0764
	0.1954
	
	0.1829
	<.0001

	PropConCust
	-0.0314
	0.4854
	
	0.0687
	0.1110
	
	–
	–
	
	0.0356
	0.3907
	
	0.1613
	<.0001

	SEIFAPercentile
	-0.2700
	<.0001
	
	0.0998
	0.0480
	
	–
	–
	
	–
	–
	
	-0.1838
	<.0001

	Longitude
	0.0695
	0.0070
	
	-0.0731
	0.0397
	
	–
	–
	
	0.2714
	<.0001
	
	-0.1672
	<.0001

	Latitude
	0.0300
	0.1953
	
	-0.2355
	<.0001
	
	–
	–
	
	0.0967
	0.0283
	
	0.1893
	<.0001

	R2
	0.2371
	–
	
	0.2489
	–
	
	–
	–
	
	0.6246
	–
	
	0.3662
	–

	Adjusted R2
	0.2326
	–
	
	0.2456
	–
	
	–
	–
	
	0.6120
	–
	
	0.3637
	–

	F value
	52.68
	<.0001
	
	76.98
	<.0001
	
	–
	–
	
	49.50
	<.0001
	
	148.85
	<.0001


a Data were not available for 2005-06.  b Data for expenditure in the second block of consumption (>400 kL per annum) was not available for 2005-06, and a flat tariff regime applied in 2009-10.  c Data for the Water Corporation is aggregated at the suburb level and a statistic for SEIFAPercentile is not available.
Source: Productivity Commission estimates.

5
Affordability, consumption and expenditure patterns

During the course of its inquiry, the Commission has received evidence that a number of households in Australia have difficulty meeting the costs of water and wastewater services (Tasmanian Council of Social Service, sub. 13; Anglicare Tasmania, sub. 44; Consumer Utilities Advocacy Centre, trans, p. 239). Table 8 shows average annual water and wastewater bills in Melbourne and Sydney and as a proportion of average household income, by quintile of 2006 Census collection district median household income for 2005-06.

Table 8
Average annual water and wastewater service bills for collection districts, by income quintilea, 2005-06

	
	
	Quintile of median household income
	

	
	
Units
	1
Lowest
	2
	3
	4
	5
Highest
	Total

	Melbourneb
	
	
	
	
	
	
	

	Median household incomec
	$’000
	37
	51
	57
	65
	86
	57

	Average annual use
	kL
	174
	181
	192
	207
	255
	202

	Average total annual bill
	$
	454
	467
	481
	503
	570
	494

	Proportion of income
	%
	1.27
	0.93
	0.84
	0.76
	0.64
	0.89

	Range - low
	%
	0.79
	0.61
	0.56
	0.42
	0.28
	0.28

	Range - high
	%
	3.00
	1.37
	1.45
	1.15
	1.11
	3.00

	Sydneyd
	
	
	
	
	
	
	

	Median household incomec
	$’000
	38
	53
	63
	78
	102
	63

	Average annual use
	kL
	199
	208
	218
	221
	251
	219

	Average total annual bill
	$
	658
	673
	688
	692
	728
	688

	Proportion of income
	%
	1.75
	1.26
	1.10
	0.89
	0.71
	1.10

	Range - low
	%
	0.94
	0.91
	0.70
	0.55
	0.30
	0.30

	Range - high
	%
	4.88
	2.21
	1.79
	1.52
	1.19
	4.88


a(Quintiles of median household income are estimated by ranking all collection districts according to median household income, and then dividing the total number of collection districts into five equal or nearly equal sized groups.  b Data for Melbourne represents the combined data of South East Water and Yarra Valley Water.  c Median of the 2006 Census collection district median household income within the quintile.  d Does not include expenditure in the second tariff block (>400 kL).

Source: Productivity Commission estimates.

Although interpretation of the table should factor in the tendency for aggregated data to suppress extreme ranges in observations, it shows:

· in 2005-06, the average water and wastewater service bills by collection district were in the region of 0.3–3.0 per cent of the median household income in Melbourne and 0.3–4.9 per cent in Sydney

· in both cities the average water and wastewater service bill as a proportion of income was relatively small, about 1 per cent of household income

· higher income households on average spend more on water and wastewater services than lower income households, but expenditure on water and wastewater services as a proportion of household income falls as income rises.

Table 9 shows average annual use of water and average bills for 2009-10 and where available for 2005-06, for each utility.

The table shows that for each water utility, average water consumption by high‑income earners (those in collection districts or suburbs with the highest 20 per cent of incomes), were significantly larger than for low and moderate income households.

For the two Melbourne water retailers, South East Water and Yarra Valley Water, from 2005-06 to 2009-10 — a period in which prices increased and water restrictions heightened — households with lower incomes on average decreased their consumption by less than those with higher incomes. As a consequence, the bills of low-income households increased by relatively more than for those in the highest income quintile in this period.

This might indicate that low-income households have less discretionary water consumption on average or fewer means and/or less preparedness to invest in water conservation measures such as garden replacement and low water use appliances. Low-income households might therefore have less ability to reduce consumption in response to higher prices or water restrictions than high‑income households.

Table 9
Average annual water and wastewater service bills and water use, by income quintilea, 2005-06 and 2009‑10

	
	
	Quintile of median household income
	

	
	
Units
	1
Lowest
	2
	3
	4
	5
Highest
	Total


	Queensland Urban Utilities (Brisbane)
	
	
	
	
	

	2009-10
	
	
	
	
	
	
	

	Average annual consumption
	kL
	143
	143
	152
	161
	178
	156

	Average total annual bill
	$
	870
	867
	885
	899
	912
	887

	South East Water
	
	
	
	
	
	
	

	2005-06
	
	
	
	
	
	
	

	Average annual consumption
	kL
	154
	172
	181
	194
	221
	183

	Average total annual bill
	$
	426
	452
	467
	486
	532
	471

	2009-10
	
	
	
	
	
	
	

	Average annual consumption
	kL
	124
	131
	139
	149
	166
	141

	Average total annual bill
	$
	592
	607
	623
	645
	689
	630

	Change in consumption
	%
	-19.5
	-23.8
	-23.2
	-23.2
	-24.9
	-23.0

	Change in bill
	%
	39.0
	34.3
	33.4
	32.7
	29.5
	33.8

	Sydney Water
	
	
	
	
	
	
	

	2005-06
	
	
	
	
	
	
	

	Average annual consumption
	kL
	199
	208
	218
	221
	251
	219

	Average total annual billb
	$
	658
	673
	688
	692
	728
	688

	2009-10
	
	
	
	
	
	
	

	Average annual consumption
	kL
	194
	203
	211
	213
	240
	212

	Average total annual bill
	$
	944
	968
	988
	993
	1046
	988

	Change in consumption
	%
	-2.5
	-2.4
	-3.2
	-3.6
	-4.4
	-3.2

	Change in bill
	%
	43.5
	43.8
	43.6
	43.5
	43.7
	43.6

	Water Corporation (WA)
	
	
	
	
	
	
	

	2009-10
	
	
	
	
	
	
	

	Average annual consumption
	kL
	215
	237
	237
	285
	337
	268

	Average total annual bill
	$
	722
	789
	805
	897
	1035
	864

	Yarra Valley Water
	
	
	
	
	
	
	

	2005-06
	
	
	
	
	
	
	

	Average annual consumption
	kL
	184
	185
	193
	211
	267
	207

	Average total annual bill
	$
	482
	482
	493
	521
	603
	515

	2009-10
	
	
	
	
	
	
	

	Average annual consumption
	kL
	142
	139
	142
	153
	181
	151

	Average total annual bill
	$
	668
	657
	665
	688
	753
	685

	Change in consumption
	%
	-22.8
	-24.9
	-26.4
	-27.5
	-32.2
	-27.1

	Change in bill
	%
	38.6
	36.3
	34.9
	32.1
	24.9
	33.0


a(Quintiles of median household income are estimated by ranking all collection districts according to median household income, and then dividing the total number of collection districts into five equal or nearly equal sized groups.  b(Does not include expenditure in the second tariff block (> 400kL).

Source: Productivity Commission estimates.
6
Summary of results
Based on econometric modelling and other analysis presented above, a number of observations can be made.

Household size and income are the most influential determinants of residential water consumption. Household size is a relatively stronger determinant of non‑discretionary consumption and income is a stronger determinant of discretionary water consumption.

Block size, (or housing density) is positively (negatively) related to water consumption and climate also appears to have significant impact on consumption over large geographical areas. Other factors such as dwelling type, concession status, and educational and occupational status of households might also affect water consumption depending on jurisdictional and utility specific factors.

Although household water consumption increases with household size, it does so at a decreasing rate as there are economies of scale in water consumption within households.

Average volumetric prices are positively related to household size under inclining block tariff arrangements and disadvantage larger households compared with smaller households.
Regarding affordability, average water and wastewater bills represent a small proportion of income for all income groups. Expenditure on water and wastewater services represents a smaller proportion of income for high‑income households than for low-income households.

Low-income households appear to have less discretionary water use or fewer means and/or less preparedness to invest in water conservation measures than high‑income households. As a result, their usage is less sensitive to water restrictions and price increases than that of high‑income households.
A
Raw regression results
Table A1
Regression results – Queensland Urban Utilities

	
	Average annual household
consumption (kL)
	 
	Average per capita annual
consumption (kL)
	 
	Average volumetric price (cents/kL)

	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	AvgHHSize (no)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	MedHHIncome ($’000)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropOwnOcc (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	CustDensity (no/sqkm)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropFlatsUnitsApts (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropConCust (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	SEIFAPercentile (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Longitude (degrees)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Latitude (degrees)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	R2
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Adjusted R2
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	F value
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	1478.87
	0
	1404.1533
	0.2924
	
	212.1022
	0
	504.2595
	0.6741
	
	-241.7302
	0
	165.5419
	0.1444

	AvgHHSize (no)
	45.2598
	0.7334
	2.6687
	<.0001
	
	-5.5293
	-0.3077
	1.0908
	<.0001
	
	3.1461
	0.5362
	0.2686
	<.0001

	MedHHIncome ($’000)
	0.2220
	0.1635
	0.0634
	0.0005
	
	0.0621
	0.1569
	0.0247
	0.0120
	
	-0.0214
	-0.1656
	0.0075
	0.0042

	PropOwnOcc (%)
	0.0309
	0.0215
	0.0664
	0.6420
	
	0.0280
	0.0670
	0.0267
	0.2955
	
	0.0355
	0.2604
	0.0079
	<.0001

	CustDensity (no/sqkm)
	-0.0008
	-0.0442
	0.0008
	0.3331
	
	-0.0002
	-0.0391
	0.0003
	0.5210
	
	0.0000
	0.0011
	0.0001
	0.9589

	PropFlatsUnitsApts (%)
	0.1473
	0.1496
	0.0444
	0.0009
	
	0.0830
	0.2895
	0.0197
	<.0001
	
	0.0061
	0.0647
	0.0043
	0.1552

	PropConCust (%)
	-0.1735
	-0.0451
	0.1282
	0.1761
	
	-0.0927
	-0.0828
	0.0518
	0.0733
	
	-0.0115
	-0.0314
	0.0165
	0.4854

	SEIFAPercentile (%)
	-0.0086
	-0.0071
	0.0298
	0.7743
	
	-0.0061
	-0.0174
	0.0125
	0.6242
	
	-0.0247
	-0.2700
	0.0055
	<.0001

	Longitude (degrees)
	-11.8732
	-0.0265
	9.2784
	0.2009
	
	-2.0895
	-0.0160
	3.3288
	0.5303
	
	2.9657
	0.0695
	1.0974
	0.0070

	Latitude (degrees)
	-13.1804
	-0.0354
	6.0816
	0.0304
	
	-6.4860
	-0.0598
	2.4639
	0.0086
	
	1.0641
	0.0300
	0.8213
	0.1953

	R2
	0.6106
	–
	–
	–
	
	0.2266
	–
	–
	–
	
	0.2371
	–
	–
	–

	Adjusted R2
	0.6083
	–
	–
	–
	
	0.2220
	–
	–
	–
	
	0.2326
	–
	–
	–

	F value
	265.92
	–
	–
	<.0001
	
	49.68
	–
	–
	<.0001
	
	52.68
	–
	–
	<.0001


SC, standardised coefficient; SE, standard error; – Data not available.
Table A2
Regression results – South East Water
	
	Average annual household
consumption (kL)
	 
	Average per capita annual
consumption (kL)
	 
	Average volumetric price (cents/kL)

	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	-2232.2876
	0
	1727.1237
	0.1963
	
	-567.5072
	0
	654.6010
	0.3861
	
	101.5144
	0
	184.0601
	0.5813

	AvgHHSize (no)
	52.7546
	0.4947
	3.0109
	<.0001
	
	-7.8576
	-0.2511
	1.2036
	<.0001
	
	2.8739
	0.2710
	0.3846
	<.0001

	MedHHIncome ($’000)
	0.9470
	0.3482
	0.1431
	<.0001
	
	0.3439
	0.4310
	0.0530
	<.0001
	
	0.0800
	0.2959
	0.0157
	<.0001

	PropOwnOcc (%)
	0.2907
	0.0983
	0.1004
	0.0038
	
	0.1251
	0.1441
	0.0442
	0.0047
	
	0.0195
	0.0662
	0.0115
	0.0908

	CustDensity (no/sqkm)
	-0.0034
	-0.1185
	0.0011
	0.0020
	
	-0.0014
	-0.1641
	0.0004
	0.0018
	
	-0.0007
	-0.2376
	0.0002
	<.0001

	PropFlatsUnitsApts (%)
	0.1330
	0.0683
	0.0621
	0.0323
	
	0.0602
	0.1053
	0.0280
	0.0319
	
	0.0095
	0.0493
	0.0087
	0.2751

	PropConCust (%)
	0.3457
	0.0815
	0.1697
	0.0418
	
	0.1110
	0.0892
	0.0653
	0.0892
	
	0.0245
	0.0580
	0.0178
	0.1685

	SEIFAPercentile (%)
	0.3001
	0.1726
	0.0736
	<.0001
	
	0.1046
	0.2050
	0.0285
	0.0002
	
	0.0488
	0.2823
	0.0081
	<.0001

	Longitude (degrees)
	-3.6437
	-0.0090
	9.8135
	0.7105
	
	-1.8770
	-0.0158
	3.7480
	0.6166
	
	-3.0216
	-0.0753
	1.0545
	0.0042

	Latitude (degrees)
	-71.4145
	-0.1767
	11.0579
	<.0001
	
	-23.5882
	-0.1990
	4.0970
	<.0001
	
	-10.7210
	-0.2667
	1.1878
	<.0001

	R2
	0.5734
	–
	–
	–
	
	0.2545
	–
	–
	–
	
	0.4001
	–
	–
	–

	Adjusted R2
	0.5716
	–
	–
	–
	
	0.2514
	–
	–
	–
	
	0.3975
	–
	–
	–

	F value
	318.85
	–
	–
	<.0001
	
	80.99
	–
	–
	<.0001
	
	158.20
	–
	–
	<.0001

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	342.7803
	0
	1101.9313
	0.7558
	
	124.6289
	0
	440.3630
	0.7772
	
	197.4588
	0
	290.2574
	0.4964

	AvgHHSize (no)
	48.3736
	0.7360
	1.9120
	<.0001
	
	-2.7022
	-0.1388
	0.8106
	0.0009
	
	3.3583
	0.2579
	0.5588
	<.0001

	MedHHIncome ($’000)
	0.4974
	0.2984
	0.0843
	<.0001
	
	0.1842
	0.3733
	0.0333
	<.0001
	
	0.1135
	0.3439
	0.0199
	<.0001

	PropOwnOcc (%)
	-0.1715
	-0.0941
	0.0629
	0.0064
	
	-0.0753
	-0.1395
	0.0276
	0.0065
	
	-0.0511
	-0.1414
	0.0166
	0.0021

	CustDensity (no/sqkm)
	-0.0021
	-0.1204
	0.0007
	0.0038
	
	-0.0008
	-0.1506
	0.0003
	0.0053
	
	-0.0009
	-0.2748
	0.0002
	0.0001

	PropFlatsUnitsApts (%)
	0.1084
	0.0895
	0.0382
	0.0046
	
	0.0553
	0.1542
	0.0172
	0.0013
	
	0.0126
	0.0527
	0.0115
	0.2718

	PropConCust (%)
	0.1159
	0.0441
	0.0841
	0.1681
	
	0.0343
	0.0441
	0.0371
	0.3559
	
	0.0357
	0.0687
	0.0224
	0.1110

	SEIFAPercentile (%)
	0.1201
	0.1124
	0.0423
	0.0046
	
	0.0486
	0.1539
	0.0175
	0.0056
	
	0.0211
	0.0998
	0.0107
	0.0480

	Longitude (degrees)
	-5.9968
	-0.0241
	6.7325
	0.3732
	
	-1.3400
	-0.0182
	2.6896
	0.6184
	
	-3.6062
	-0.0731
	1.7521
	0.0397

	Latitude (degrees)
	-13.7290
	-0.0548
	5.4524
	0.0119
	
	-3.2706
	-0.0441
	2.1383
	0.1263
	
	-11.6804
	-0.2355
	1.4558
	<.0001

	R2
	0.6070
	–
	–
	–
	
	0.2487
	–
	–
	–
	
	0.2489
	–
	–
	–

	Adjusted R2
	0.6053
	–
	–
	–
	
	0.2455
	–
	–
	–
	
	0.2456
	–
	–
	–

	F value
	358.87
	–
	–
	<.0001
	
	76.91
	–
	–
	<.0001
	
	76.98
	–
	–
	<.0001


SC, standardised coefficient; SE, standard error; – Data not available.
Table A3
Regression results – Sydney Water Corporation
	
	Average annual household
consumption (kL)
	 
	Average per capita annual
consumption (kL)
	 
	Average volumetric price (cents/kL)

	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	-4919.1569
	0
	629.8115
	<.0001
	
	-1930.8339
	0
	228.5351
	<.0001
	
	–
	–
	–
	–

	AvgHHSize (no)
	70.5851
	0.5499
	2.1776
	<.0001
	
	-1.7501
	-0.0483
	0.7790
	0.0247
	
	–
	–
	–
	–

	MedHHIncome ($’000)
	0.7605
	0.3595
	0.0656
	<.0001
	
	0.2476
	0.4146
	0.0234
	<.0001
	
	–
	–
	–
	–

	PropOwnOcc (%)
	-0.3861
	-0.1247
	0.0614
	<.0001
	
	-0.1290
	-0.1476
	0.0222
	<.0001
	
	–
	–
	–
	–

	CustDensity (no/sqkm)
	-0.0088
	-0.1499
	0.0024
	0.0002
	
	-0.0026
	-0.1578
	0.0009
	0.0025
	
	–
	–
	–
	–

	PropFlatsUnitsApts (%)
	0.2626
	0.0860
	0.0610
	<.0001
	
	0.1153
	0.1338
	0.0270
	<.0001
	
	–
	–
	–
	–

	PropConCust (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	SEIFAPercentile (%)
	-0.3550
	-0.1815
	0.0455
	<.0001
	
	-0.1280
	-0.2317
	0.0168
	<.0001
	
	–
	–
	–
	–

	Longitude (degrees)
	39.0585
	0.1300
	4.1394
	<.0001
	
	15.6034
	0.1840
	1.5029
	<.0001
	
	–
	–
	–
	–

	Latitude (degrees)
	28.1935
	0.1028
	2.5413
	<.0001
	
	10.0686
	0.1300
	0.8622
	<.0001
	
	–
	–
	–
	–

	R2
	0.4661
	–
	–
	-
	
	0.1514
	–
	–
	–
	
	–
	–
	–
	–

	Adjusted R2
	0.4652
	–
	–
	-
	
	0.1500
	–
	–
	–
	
	–
	–
	–
	–

	F value
	547.52
	–
	–
	<.0001
	
	111.88
	–
	–
	<.0001
	
	–
	–
	–
	–

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	-4168.1676
	0
	575.4684
	<.0001
	
	-1607.5724
	0
	209.9912
	<.0001
	
	–
	–
	–
	–

	AvgHHSize (no)
	70.3437
	0.5769
	1.9181
	<.0001
	
	-1.1425
	-0.0332
	0.7138
	0.1095
	
	–
	–
	–
	–

	MedHHIncome ($’000)
	0.6950
	0.3474
	0.0676
	<.0001
	
	0.2302
	0.4077
	0.0236
	<.0001
	
	–
	–
	–
	–

	PropOwnOcc (%)
	-0.2602
	-0.0889
	0.0519
	<.0001
	
	-0.0881
	-0.1067
	0.0200
	<.0001
	
	–
	–
	–
	–

	CustDensity (no/sqkm)
	-0.0080
	-0.1445
	0.0021
	0.0001
	
	-0.0024
	-0.1556
	0.0008
	0.0018
	
	–
	–
	–
	–

	PropFlatsUnitsApts (%)
	0.4338
	0.1486
	0.0565
	<.0001
	
	0.1780
	0.2158
	0.0252
	<.0001
	
	–
	–
	–
	–

	PropConCust (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	SEIFAPercentile (%)
	-0.3672
	-0.19851
	0.0441
	<.0001
	
	-0.1328
	-0.2544
	0.0161
	<.0001
	
	–
	–
	–
	–

	Longitude (degrees)
	34.7621
	0.12262
	3.78759
	<.0001
	
	13.7360
	0.1717
	1.3804
	<.0001
	
	–
	–
	–
	–

	Latitude (degrees)
	31.5834
	0.12225
	2.28652
	<.0001
	
	11.4767
	0.1574
	0.7934
	<.0001
	
	–
	–
	–
	–

	R2
	0.4837
	–
	–
	–
	
	0.1650
	–
	–
	-
	
	–
	–
	–
	–

	Adjusted R2
	0.4828
	–
	–
	–
	
	0.1637
	–
	–
	-
	
	–
	–
	–
	–

	F value
	586.95
	–
	–
	<.0001
	
	123.86
	–
	–
	<.0001
	
	–
	–
	–
	–


SC, standardised coefficient; SE, standard error; – Data not available.
Table A4
Regression results – Water Corporation (WA)
	
	Average annual household
consumption (kL)
	 
	Average per capita annual
consumption (kL)
	 
	Average volumetric price (cents/kL)

	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	AvgHHSize (no)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	MedHHIncome ($’000)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropOwnOcc (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	CustDensity (no/sqkm)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropFlatsUnitsApts (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropConCust (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	SEIFAPercentile (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Longitude (degrees)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Latitude (degrees)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	R2
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Adjusted R2
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	F value
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	733.8291
	0
	271.3000
	0.0071
	
	430.2272
	0
	106.8993
	<.0001
	
	–
	–
	–
	–

	AvgHHSize (no)
	58.6874
	0.2104
	11.4502
	<.0001
	
	-23.9244
	-0.2654
	4.6312
	<.0001
	
	–
	–
	–
	–

	MedHHIncome ($’000)
	1.6647
	0.3057
	0.2361
	<.0001
	
	0.6032
	0.3427
	0.0927
	<.0001
	
	–
	–
	–
	–

	PropOwnOcc (%)
	0.3340
	0.0541
	0.3390
	0.3251
	
	0.1603
	0.0804
	0.1331
	0.2291
	
	–
	–
	–
	–

	CustDensity (no/sqkm)
	-0.0521
	-0.2428
	0.0075
	<.0001
	
	-0.0209
	-0.3018
	0.0030
	<.0001
	
	–
	–
	–
	–

	PropFlatsUnitsApts (%)
	0.4861
	0.0378
	0.4185
	0.2460
	
	0.1487
	0.0358
	0.1695
	0.3807
	
	–
	–
	–
	–

	PropConCust (%)
	-0.1275
	-0.0104
	0.6539
	0.8455
	
	-0.0892
	-0.0226
	0.2558
	0.7273
	
	–
	–
	–
	–

	SEIFAPercentile (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Longitude (degrees)
	-0.9066
	-0.0176
	2.0983
	0.6659
	
	-0.5991
	-0.0361
	0.8242
	0.4677
	
	–
	–
	–
	–

	Latitude (degrees)
	17.8348
	0.5434
	1.8115
	<.0001
	
	6.7694
	0.6382
	0.7273
	<.0001
	
	–
	–
	–
	–

	R2
	0.6873
	–
	–
	–
	
	0.5438
	–
	–
	–
	
	–
	–
	–
	–

	Adjusted R2
	0.6817
	–
	–
	–
	
	0.5357
	–
	–
	–
	
	–
	–
	–
	–

	F value
	123.89
	–
	–
	<.0001
	
	67.20
	–
	–
	<.0001
	
	–
	–
	–
	–


SC, standardised coefficient; SE, standard error; – Data not available.
Table A5
Regression results – Water Corporation (Perth Metropolitan Area)
	
	Average annual household
consumption (kL)
	 
	Average per capita annual
consumption (kL)
	 
	Average volumetric price (cents/kL)

	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	AvgHHSize (no)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	MedHHIncome ($’000)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropOwnOcc (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	CustDensity (no/sqkm)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropFlatsUnitsApts (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	PropConCust (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	SEIFAPercentile (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Longitude (degrees)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Latitude (degrees)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	R2
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Adjusted R2
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	F value
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	-10036
	0
	2814.9120
	0.0004
	
	-3372.598
	0
	1051.705
	0.0015
	
	-1426.1413
	0
	298.3347
	<.0001

	AvgHHSize (no)
	55.6934
	0.2928
	11.3301
	<.0001
	
	-19.4048
	-0.3823
	4.6366
	<.0001
	
	1.2650
	0.0732
	1.3486
	0.3492

	MedHHIncome ($’000)
	1.4595
	0.3507
	0.2281
	<.0001
	
	0.5151
	0.4638
	0.0855
	<.0001
	
	0.1832
	0.4842
	0.0231
	<.0001

	PropOwnOcc (%)
	0.6121
	0.1154
	0.3076
	0.0478
	
	0.1958
	0.1383
	0.1307
	0.1355
	
	0.0088
	0.0183
	0.0338
	0.7945

	CustDensity (no/sqkm)
	-0.0314
	-0.2202
	0.0072
	<.0001
	
	-0.0122
	-0.3222
	0.0029
	<.0001
	
	-0.0048
	-0.3749
	0.0010
	<.0001

	PropFlatsUnitsApts (%)
	0.3363
	0.0410
	0.3719
	0.3668
	
	0.0865
	0.0396
	0.1509
	0.5668
	
	0.0569
	0.0764
	0.0439
	0.1954

	PropConCust (%)
	0.4521
	0.0420
	0.4600
	0.3267
	
	0.1560
	0.0544
	0.1785
	0.3831
	
	0.0348
	0.0356
	0.0405
	0.3907

	SEIFAPercentile (%)
	–
	–
	–
	–
	
	–
	–
	–
	–
	
	–
	–
	–
	–

	Longitude (degrees)
	113.5703
	0.2000
	24.0687
	<.0001
	
	40.1197
	0.2648
	8.9065
	<.0001
	
	14.0067
	0.2714
	2.5036
	<.0001

	Latitude (degrees)
	96.8412
	0.2157
	17.3115
	<.0001
	
	36.0788
	0.3011
	6.4549
	<.0001
	
	3.9473
	0.0967
	1.7894
	0.0283

	R2
	0.7321
	–
	–
	–
	
	0.4550
	–
	–
	–
	
	0.6246
	–
	–
	–

	Adjusted R2
	0.7231
	–
	–
	–
	
	0.4367
	–
	–
	–
	
	0.6120
	–
	–
	–

	F value
	81.30
	–
	–
	<.0001
	
	24.84
	–
	–
	<.0001
	
	49.50
	–
	–
	<.0001


SC, standardised coefficient; SE, standard error; – Data not available.
Table A6
Regression results – Yarra Valley Water
	
	Average annual household
consumption (kL)
	 
	Average per capita annual
consumption (kL)
	 
	Average volumetric price (cents/kL)

	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value
	
	Coefficient
	SC
	SE
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	6004.9650
	0
	762.8158
	<.0001
	
	2477.6934
	0
	271.7024
	<.0001
	
	693.7901
	0
	82.8190
	<.0001

	AvgHHSize (no)
	51.0734
	0.4048
	3.1962
	<.0001
	
	-8.5912
	-0.2640
	1.1535
	<.0001
	
	1.9466
	0.1884
	0.2765
	<.0001

	MedHHIncome ($’000)
	1.7376
	0.6892
	0.1444
	<.0001
	
	0.5774
	0.8877
	0.0485
	<.0001
	
	0.1697
	0.8222
	0.0104
	<.0001

	PropOwnOcc (%)
	-0.0946
	-0.0271
	0.1012
	0.3499
	
	-0.0071
	-0.0079
	0.0391
	0.8561
	
	-0.0160
	-0.0561
	0.0080
	0.0452

	CustDensity (no/sqkm)
	-0.0165
	-0.1847
	0.0017
	<.0001
	
	-0.0063
	-0.2731
	0.0006
	<.0001
	
	-0.0020
	-0.2713
	0.0002
	<.0001

	PropFlatsUnitsApts (%)
	0.4400
	0.1482
	0.0684
	<.0001
	
	0.1780
	0.2324
	0.0291
	<.0001
	
	0.0552
	0.2270
	0.0071
	<.0001

	PropConCust (%)
	0.6966
	0.1775
	0.1199
	<.0001
	
	0.2255
	0.2227
	0.0449
	<.0001
	
	0.0844
	0.2629
	0.0119
	<.0001

	SEIFAPercentile (%)
	-0.1828
	-0.0976
	0.0581
	0.0017
	
	-0.0646
	-0.1337
	0.0223
	0.0038
	
	-0.0034
	-0.0222
	0.0053
	0.5224

	Longitude (degrees)
	-39.2752
	-0.0961
	6.3658
	<.0001
	
	-16.7930
	-0.1594
	2.2890
	<.0001
	
	-2.9658
	-0.0887
	0.6800
	<.0001

	Latitude (degrees)
	8.8111
	0.0128
	12.1414
	0.4681
	
	-0.6837
	-0.0038
	4.3823
	0.8760
	
	5.0816
	0.0899
	1.2278
	<.0001

	R2
	0.6809
	–
	–
	–
	
	0.3847
	–
	–
	–
	
	0.5714
	–
	–
	–

	Adjusted R2
	0.6796
	–
	–
	–
	
	0.3823
	–
	–
	–
	
	0.5698
	–
	–
	–

	F value
	550.42
	–
	–
	<.0001
	
	161.31
	–
	–
	<.0001
	
	343.98
	–
	–
	<.0001

	2009-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Intercept
	7711.6410
	0
	494.8734
	<.0001
	
	2932.4777
	0
	189.4389
	<.0001
	
	1419.5439
	0
	110.8586
	<.0001

	AvgHHSize (no)
	43.4309
	0.5602
	2.2520
	<.0001
	
	-5.1284
	-0.2505
	0.8556
	<.0001
	
	1.2903
	0.1154
	0.4047
	0.0014

	MedHHIncome ($’000)
	0.8587
	0.5555
	0.0891
	<.0001
	
	0.2880
	0.7054
	0.0311
	<.0001
	
	0.1542
	0.6916
	0.0146
	<.0001

	PropOwnOcc (%)
	-0.3502
	-0.1636
	0.0662
	<.0001
	
	-0.1206
	-0.2133
	0.0260
	<.0001
	
	-0.0845
	-0.2738
	0.0105
	<.0001

	CustDensity (no/sqkm)
	-0.0099
	-0.1757
	0.0012
	<.0001
	
	-0.0037
	-0.2471
	0.0005
	<.0001
	
	-0.0023
	-0.2821
	0.0002
	<.0001

	PropFlatsUnitsApts (%)
	0.2641
	0.1441
	0.0445
	<.0001
	
	0.1144
	0.2364
	0.0191
	<.0001
	
	0.0484
	0.1829
	0.0090
	<.0001

	PropConCust (%)
	0.3587
	0.1452
	0.0706
	<.0001
	
	0.1039
	0.1593
	0.0272
	0.0001
	
	0.0575
	0.1613
	0.0137
	<.0001

	SEIFAPercentile (%)
	-0.2107
	-0.1841
	0.0385
	<.0001
	
	-0.0808
	-0.2673
	0.0147
	<.0001
	
	-0.0303
	-0.1838
	0.0070
	<.0001

	Longitude (degrees)
	-57.2049
	-0.2296
	4.1956
	<.0001
	
	-21.7877
	-0.3311
	1.6014
	<.0001
	
	-6.0077
	-0.1672
	0.9237
	<.0001

	Latitude (degrees)
	-16.2262
	-0.0397
	7.6049
	0.0330
	
	-7.8675
	-0.0729
	2.8113
	0.0052
	
	11.1637
	0.1893
	1.7401
	<.0001

	R2
	0.6506
	–
	–
	–
	
	0.2956
	–
	–
	–
	
	0.3662
	–
	–
	–

	Adjusted R2
	0.6493
	–
	–
	–
	
	0.2929
	–
	–
	–
	
	0.3637
	–
	–
	–

	F value
	479.82
	–
	–
	<.0001
	
	108.13
	–
	–
	<.0001
	
	148.85
	–
	–
	<.0001


SC, standardised coefficient; SE, standard error; – Data not available.
Table A7
Regression results – South East Water – Average Quarterly Household Consumption
	
	Quarter 1
1 Jul – 30 Sep
	 
	Quarter 2
1 Oct – 31 Dec
	 
	Quarter 3
1 Jan – 31 Mar
	
	Quarter 4
1 Apr – 30 Jun

	
	Standardised coefficient
	P‑value
	 
	Standardised coefficient
	P‑value
	 
	Standardised coefficient
	P‑value
	 
	Standardised coefficient
	P‑value

	2005-06
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize
	0.5563
	<.0001
	
	0.6229
	<.0001
	
	0
	<.0001
	
	0.3971
	<.0001

	MedHHIncome
	0.3148
	<.0001
	
	0.2933
	<.0001
	
	0.3869
	<.0001
	
	0.3380
	<.0001

	PropOwnOcc
	0.0233
	0.5342
	
	0.0196
	0.5534
	
	0.3491
	<.0001
	
	0.1297
	0.0004

	CustDensity 
	-0.0895
	0.0073
	
	-0.0791
	0.0251
	
	0.1458
	<.0001
	
	-0.1454
	0.0006

	PropFlatsUnitsApts
	0.0401
	0.2439
	
	0.0616
	0.0594
	
	-0.1136
	0.0013
	
	0.0628
	0.0767

	PropConCust
	0.0602
	0.1258
	
	0.0455
	0.2638
	
	0.0813
	0.0070
	
	0.0974
	0.0204

	SEIFAPercentile
	0.0658
	0.1047
	
	0.0459
	0.2980
	
	0.0909
	0.0212
	
	0.2098
	<.0001

	Longitude 
	-0.0278
	0.2621
	
	-0.0238
	0.3435
	
	0.2478
	<.0001
	
	-0.0260
	0.3244

	Latitude 
	0.0576
	0.0176
	
	-0.1594
	<.0001
	
	0.0264
	0.2639
	
	-0.0633
	0.0420

	R2
	0.510
	–
	
	0.5870
	–
	
	0.5881
	–
	
	0.4820
	–

	Adjusted R2
	0.508
	–
	
	0.5853
	–
	
	0.5864
	–
	
	0.4798
	–

	F value
	247.26
	<.0001
	
	337.16
	<.0001
	
	338.72
	<.0001
	
	220.76
	<.0001

	2009-10
	
	
	
	
	
	
	
	
	
	
	

	AvgHHSize 
	0.7681
	<.0001
	
	0.8372
	<.0001
	
	0.6259
	<.0001
	
	0.6298
	<.0001

	MedHHIncome 
	0.2613
	<.0001
	
	0.2485
	<.0001
	
	0.3017
	<.0001
	
	0.3114
	<.0001

	PropOwnOcc
	-0.1869
	<.0001
	
	-0.1643
	<.0001
	
	-0.0078
	0.8287
	
	-0.0450
	0.2076

	CustDensity
	-0.0992
	0.0170
	
	-0.0947
	0.0045
	
	-0.1136
	0.0035
	
	-0.1437
	0.0027

	PropFlatsUnitsApts
	0.0618
	0.0549
	
	0.0986
	0.0017
	
	0.0884
	0.0039
	
	0.0900
	0.0082

	PropConCust
	-0.0037
	0.9105
	
	0.0363
	0.2716
	
	0.0665
	0.1323
	
	0.0538
	0.1792

	SEIFAPercentile
	0.0211
	0.6093
	
	0.0371
	0.3492
	
	0.1850
	<.0001
	
	0.1439
	0.0013

	Longitude
	-0.0182
	0.5049
	
	-0.0171
	0.5609
	
	-0.0005
	0.9871
	
	-0.0553
	0.0498

	Latitude
	0.0556
	0.0076
	
	-0.0274
	0.1943
	
	-0.2021
	<.0001
	
	0.0115
	0.6503

	R2
	0.5523
	–
	
	0.6220
	–
	
	0.5836
	–
	
	0.5324
	–

	Adjusted R2
	0.5504
	–
	
	0.6203
	–
	
	0.5818
	–
	
	0.5304
	–

	F value
	286.63
	<.0001
	
	382.24
	<.0001
	
	325.63
	<.0001
	
	264.52
	<.0001


– Data not available.
�	This is the mean of suburb average household consumption in Western Australia. The average consumption of all households in Western Australia in 2009-10 was 268 kL and is presented in table 9. 


�	Quarterly consumption figures reflect the consumption recorded by meters read in the quarter and do not necessarily reflect actual consumption within that period. As such, a proportion of consumption recorded in a quarter would have actually been consumed in the previous quarter.


�	In 2009-10, the Water Corporation applied a few different nine block IBTs to residential users in towns outside the Perth metropolitan area on a cost basis. In most cases, residential country customers paid the metropolitan usage charge up to 300 kL in the south  and 500 kL in the north (above the 26th parallel) and then higher prices in subsequent blocks. In the dataset, there is a general pattern of rising use and higher average volumetric prices as latitudes become more northerly. In 2009-10, the average price paid per kilolitre of water in Western Australia was $0.88, $0.83 in Perth, $0.99 in country towns below the 26th parallel and $1.16 for those above it.
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