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Summary 
 
This paper reports on a study of household water use, which trialled three different interventions designed to reduce 
consumption. Two hundred and twenty-one households in South East Queensland (SEQ) were divided into four 
groups – three different intervention types and one control group – and their ongoing daily water consumption was 
monitored before, during and after the intervention. In the information only condition, households received general 
advice about how they could save water. In the descriptive norm condition, households received information about 
water saving along with information about the numbers of other “low water use households” that used these same 
behaviours. In the water end-use feedback condition, households received water saving tips along with tailored 
specific information about where water was being used in their own household. Longitudinal analysis showed that 
the information only and descriptive norm conditions resulted in water savings quite rapidly, but these changes were 
lost over time, as households later returned to their pre-intervention water use levels. In the water end-use condition, 
by contrast, water use declined more slowly, but the effect of this intervention was longer-lived. Implications for 
future interventions in domestic water consumption are discussed. 
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Introduction 
 
Despite the fundamental role that water plays in sustaining human life and the health of the planet’s ecosystems, 
there is evidence that almost 80% of the world’s population is exposed to high level threats to water security 
(Vörösmarty et al., 2010). There is growing evidence that human activities are placing unsustainable demands on 
fresh water resources with ground water supplies over-extracted in many regions in the world (Postel, 1999) and 
many major river systems without adequate water flows (Postel, 1996). Water resources will be placed under further 
pressure in coming decades by population growth, urbanisation and economic development (Beck and Bernauer, 
2011; Güneralp and Seto, 2008; United Nations, 2009; Vörösmarty et al., 2000). Moreover, climate variability is 
likely to further exacerbate existing stressors on water supplies (Bates et al., 2008) and to result in increased impacts 
on water resources in some parts of the world (Arnell, 2004). Policy makers therefore face a critical challenge that 
requires them to balance human demand for water while at the same time protecting fragile ecosystems. 
 
Addressing future water security will require a range of adaptive approaches enacted at different levels (eg, 
individuals, communities, business, government, international bodies). In urban contexts these adaptive approaches 
could include drought contingency planning, sourcing alternative water supplies, increasing the productivity of 
existing water supplies, and promoting adoption of water conservation practices in the home (Postel, 2000; de Loë, 
Kreutzwiser, and Moraru, 2001). Managing demand is considered an essential element of future water security 
(Arbués et al., 2003; Brooks, 2006; Jeffrey and Gearey, 2006). De Loë and colleagues (2001) propose that water 
conservation and demand management approaches are appropriate measures for dealing with threats to water security 
in the near term as they promote water efficiency, reduce stress on the environment, and they are consistent with 
existing initiatives by government agencies. Moreover, the IPCC has heralded demand management as a “no-regrets 
option” to cope with future vulnerability of water supplies in the face of climate change impacts (Bates et al., 2008). 
 
A comprehensive review by Inman and Jeffrey (2006) showed that demand side management programs could reduce 
residential water consumption by 10–20% over a 10 to 20 year period. They concluded that moderate reductions 
could be achieved through price increases and voluntary demand management tools but more substantial reductions 
require large price increases or stringent mandatory policies. Similarly, Renwick and colleagues (2000) in a 
comparison of the efficacy of demand management approaches also conclude that voluntary measures reduce 
residential water demand, although more stringent mandatory approaches, such as water restrictions or water use 
allocations, result in greater reductions. Pricing mechanisms and mandatory approaches have clear drawbacks though 
for utilities and government agencies; there are equity issues involved with their implementation, limits to the price 
elasticity of residential demand, and evidence that they do not necessarily result in long-term change (Alitchkov and 
Kostova, 1996; Duke et al., 2002; Espey et al., 1997). In addition, they require political will to implement. In 
contrast, research suggests that voluntary approaches that involve behavioral change may be critical to promoting 
long-term cultural shifts in the way community members think about and use water, and that these shifts in values 
and behavior can complement other demand management approaches. 

Science Forum and Stakeholder Engagement:  Building Linkages, Collaboration and Science Quality  Page 133 



 

In light of this, the current study tests the efficacy of voluntary demand management strategies for producing long-
term reductions in residential water consumption. Our aim is to identify voluntary strategies that can reduce water 
demand in residential settings and to assess whether these strategies are effective not just in the short term but also in 
the long-term. As noted above, given the potential for restrictive mandatory policies and pricing mechanisms to 
generate resistance from the community, and therefore a failure of political will to implement them, it is critical to 
develop voluntary tools that can positively influence water demand. We conduct an experimental field study that 
integrates behavior change theory with water engineering technology. In comparison to a control condition, we test 
the effectiveness of providing three different types of information: 1) information about how to save water; 
2) information about what other people in the community are doing to save water (ie, descriptive norms); and 
3) water end use information that describes how water is used in the specific household. Households in our study 
have ‘smart’ water meters installed that allow accurate tailored feedback to households about how much water they 
use on average for each water using activity (in the water end-use condition). In addition, the smart water meters 
allow accurate daily measures of household water use to be collected. This study is the first to use smart water 
metering technology as a tool for behavior change, as well as a way to test the effectiveness of water demand 
management interventions. 
 
Methodology 
 
The study was conducted within four local government areas in South East Queensland (SEQ): Brisbane, Gold 
Coast, Ipswich and the Sunshine Coast. Participants were recruited from a sample of householders who had taken 
part in a previous study (Household Water Use Survey; see Fielding et al., under review) during 2009, and who 
indicated willingness to participate in further research. Due to the necessity of accessing household water 
consumption data, targeted households were owner-occupiers of dwellings connected to the central water supply 
with an individual water meter attached to the premises. A total of 400 consenting responses were received from the 
four study regions (127 from Brisbane, 102 from Gold Coast, 73 from Ipswich, and 98 from Sunshine Coast). 
Consenting households were contacted to arrange for installation of the smart meters and data loggers. Due to 
technical issues affecting the suitability of smart meter replacement, not all willing households were able to be fitted 
with the meters. Further details about the smart meter installation and the associated home water audits can be found 
in Beal et al., 2010. A baseline water end use data read and analysis was conducted in June 2010. In total, there were 
221 households for which baseline end use data analysis and Household Water Use Survey data were available. 
These households were included in the current study. It was critical to have both sets of data as the survey provided 
household occupancy data that allowed us to calculate per person water usage. 
 
Study Design 
 
The study consisted of a randomised controlled trial testing three information-based interventions to reduce 
household water consumption. A control condition in which participants received no information or intervention was 
included in the study design for comparative analysis. The overall study period is broken down into three 
components: 1) the pre-intervention period during which participants were recruited and baseline survey data and 
water use data were collected (September 2009 – June 2010); 2) the intervention period during which the 
interventions were implemented and outcome data collected (June 2010 – May 2011); and 3) the post-intervention 
period (January 2011 – July 2011) in which the long-term effectiveness of the interventions were assessed. 
 
Prior to the start of the intervention period, all participants received an initial letter (sent on 6 September 2010). 
There were two versions of the initial letter: one for the first three intervention conditions and one for the control 
condition. These letters differed only in that participants in the intervention conditions were informed that they 
would receive information from the research team over the coming months. The intervention medium for the three 
experimental groups was the provision of different types of information via a four-part series of postcards. Each 
postcard provided information about ways to save water in a particular location of the house (bathroom, laundry, 
kitchen) or through checking and fixing leaks. The postcards also included a cartoon graphic that related to the focus 
of water conservation for that period. For example, the postcard aimed at reducing water use in the bathroom had a 
cartoon relating to taking short showers. One side of each postcard was identical for all three experimental groups, 
and provided a set of tips for how to save water in that particular part of the house (eg, bathroom, kitchen, etc). The 
overleaf side of the postcard differed according to the experimental condition as described below. 
 
The information only condition was included in the study design to allow the effects of receiving information about 
saving water to be separated from the effects of the specific intervention conditions (eg, descriptive norms, water 
end-use feedback). Therefore, as with the postcards in all conditions, participants in this condition received 
information about how to save water in that particular part of the house. In this condition, the second side of the 
postcard was a larger version of the cartoon graphic used in all of the experimental conditions. 
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The descriptive norm intervention provided participants with information about the sorts of actions that low water 
using households that were similar to theirs in terms of composition (ie, single person, multiple adults, or family with 
children) did to save water. The second side of the descriptive norm condition postcards was thus comprised of two 
components: 1) a cartoon graphic; and 2) statements about the percentage of low water using households who 
reported always or almost always performing a certain water saving behaviour. For example, the bathroom postcards 
said: “Join South East Queenslanders like you in conserving water. Our research of 1000 SEQ households identified 
what people who are low water users do to save water. Single person households like yours (Households like yours 
with children/Households like yours with multiple adults) do the following: 78% (70%/84%) take shorter showers; 
90% (92%/90%) turn off the tap when they are cleaning their teeth; 94% (93%/93%) use half flush or don’t flush the 
toilet every time”. These statements were derived from data collected from the Household Water Use Survey in 
combination with water use data obtained from the water utilities, and were therefore construed to be representative 
of households in SEQ. Each household allocated to the descriptive norm condition received the postcard that 
matched their circumstances. 
 
The water end-use condition aimed to provide participants with information about how much water was used in their 
household overall and in various parts of their household. Participants allocated to this condition received 
individualised postcards with information derived from water-end use analysis of their home. For two of the 
postcards (#1 – Bathroom and #3 – Kitchen) this consisted of a pie chart showing a breakdown of household water 
along with the average daily per person usage. For the bathroom postcard a statement was added saying: “As you can 
see, a large proportion of water is used in the bathroom. Turn over this card to see how you can save water in the 
bathroom” (a similar statement was also made in relation to the kitchen). Due to the time burden associated with 
performing the end use analysis, it was not possible to provide this information at each time-point. Thus, the second 
postcard (corresponding to saving water in the laundry) reminded participants of the amount of water used in the 
laundry from the previous analysis, and the final postcard (corresponding to checking and fixing leaks) either 
reminded participants that a leak had been detected in their home, or that one may occur in the future if no leak had 
been previously detected. 
 
Measures 
 
The initial household water use survey provided demographic information about household occupancy and 
household composition that enabled accurate calculation of per person water usage and descriptive norm information 
to be tailored to the household’s specific composition. The smart water metering data provided daily household water 
use for the pre-intervention, intervention, and post-intervention period. It also provided the average per person per 
day water use data for the water end-use condition postcards #1 and #3. Analyses were conducted on an adjusted 
measure of water consumption: “trend daily water use per person”. This measure provides a simple seven-day 
moving average of daily water use per person: the value for any particular day is the average of the previous seven 
days. Thus, the measure provides a lagged daily trend in water use which smoothes daily fluctuations in water use, 
reducing noise in the data (eg, higher water use on weekends for some households). Per person estimates were 
derived from measures of total household water use divided by the estimated number of persons in each household. 
 
Results 
 
Table 1 shows that the mean daily trend water use per person was 135.37 litres over the entire study. During the 
intervention period, mean water use dropped by 10.29 litres per person per day and the median dropped by 7.6 litres. 
In the post-intervention period the mean water use returned to near pre-intervention levels, without considering 
different interventions, however the median water use increased only slightly. 
 
Table 1. Trend daily water use for different periods (litres per person per day). 
 

Study Period Dates Mean Median SD Skewness Min Max 

Pre-intervention  20/6/2010 to 12/9/2010 141.52 123.21 86.50 3.35 10.32 1404.90 

Intervention  13/9/2010 to 10/1/2011 131.23 115.61 90.26 4.06 10.00 1617.97 

Post-intervention  11/1/2011 to 31/7/2011 139.00 116.24 144.40 13.05 10.00 3625.60 

All periods  135.37 115.99 121.86 12.28 10.00 3625.60 

 
 
Table 2 shows that during the intervention period the median trend water increased somewhat in the post-
intervention period except for the water end-use condition. The water end-use and information only interventions 
have the lowest levels of median trend water use across all periods; however, note that the information only 
condition also started with the lowest pre-intervention level. 
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Longitudinal growth curve modelling was employed to increase the power of data analyses; to model non-linear 
effects such as rebound effects and to better account for any days of missing water use data. One problem with 
longitudinal data is that observations of daily water use for a particular household are not independent (ie, they are 
correlated with each other). This violates an assumption of most regression analyses. However, growth curve 
modelling is a regression technique, which controls for inter-correlations or inter-dependence between daily 
observations of water use for each household by estimating a constant (or pre-intervention) level of water use for 
each household around which fluctuations in water use are modelled. 
 
Table 2. Median trend daily water use by intervention group and period (litres per person per day). 
 

Intervention Group Pre-Intervention 
Period 

Intervention 
Period 

Post-Intervention 
Period 

All Periods 

Control 126.01 120.02 121.96 122.47 

Water end-use 121.02 112.61 110.26 114.07 

Descriptive norm 128.27 116.65 120.38 120.89 

Information only 112.83 110.93 112.93 112.09 

Total 123.28 115.61 116.24 117.85 

 
 
Table 1 shows wide variation and high skewness in daily water use, even though this was somewhat smoothed by 
measuring trend daily water use per person. Wide fluctuations and high skewness is problematic for modelling water 
use. Very high water use may occur during uncommon events like filling swimming pools and very low water use 
may occur when people are away (eg, on holidays). To better account for days with extremely high water use, the log 
of trend water use was modelled. Days with very low water use (zero or near zero water use) were treated as missing 
values because they are likely to represent household absences (and water leaks). Near zero water use was defined as 
less than 10 litres per person per day. These data preparation steps enable more accurate estimation of trend daily 
water use. To further enhance the quality of estimates for trend daily water use over time, households which did not 
have at least 10 weeks of daily water use data were excluded from the longitudinal analyses. 
 
Longitudinal Modelling 
 
The random intercept model estimates logged trend daily water use per person while also estimating an average level 
of water use per household, which varies between households. Estimates of this average water use (or y-intercept) for 
each household were enhanced by using the baseline water use measure as the first observation in the time series of 
water use for each household. This controls for an average level of water use associated with each household, along 
with other time constant attributes of households (eg, the specific appliances installed). Covariates were then 
included to model trend water use per person over time. A covariate for the number of days from the start of the 
intervention period was included to estimate long-run linear trends in water use over the entire intervention/post-
intervention period, as well as including a covariate for days squared to estimate any non-linear change in long-run 
water use. 
 
The main independent covariate of interest was the intervention group (control, descriptive norm, water end-use and 
information only groups). A dummy variable was added for the intervention group to estimate whether these 
interventions varied significantly in water use at the start of the intervention period. An interaction term between the 
intervention group and day number was added to estimate any linear changes in water use for each intervention 
group over time. Another interaction term was added between the intervention group and days squared to estimate 
any non-linear changes in water use over time for each intervention group. Lastly, a dummy variable for the four 
regions in this study was added to account for variations in water use that may exist between regions in SEQ. 
 
Due to space constraints, results from the random intercepts model are reported only briefly in this paper. At the start 
of the intervention period, none of the intervention groups were significantly different from each other in water use. 
The coefficients for the different regions were also not significant, indicating that none of the regions differed 
significantly from Brisbane. Figure 1 shows that although the control group increased in trend daily water use over 
time, this was not statistically significant. The descriptive norm group declines significantly (p<.05) during the 
intervention period; however, shortly after the intervention period it increases again, losing all the gains made during 
the intervention period. In the information only group, there is a significant decline over the intervention period. 
However, there is an increase in water use again, approximately half way through the post-intervention period. The 
water end use group shows little decrease in water use initially. However, it declines significantly after the 
intervention period finishes (after day 120), and shows no rebound effect at 102 days after the intervention (ie,  
day 322). 

Page 136   Science Forum and Stakeholder Engagement:  Building Linkages, Collaboration and Science Quality 



 

Science Forum and Stakeholder Engagement:  Building Linkages, Collaboration and Science Quality  Page 137 

80

90

100

110

120

130

0 30 60 90 120 150 180 210 240 270 300

Days from start of intervention

T
re

n
d

 d
ai

ly
 w

at
er

 u
se

 p
er

 p
er

so
n

 (
li

tr
es

)

Descriptive 
norm group

Water end 
use group

Information 
only group

Control group

Intervention period Post-intervention period

80

90

100

110

120

130

0 30 60 90 120 150 180 210 240 270 300

Days from start of intervention

T
re

n
d

 d
ai

ly
 w

at
er

 u
se

 p
er

 p
er

so
n

 (
li

tr
es

)

Descriptive 
norm group

Water end 
use group

Information 
only group

Control group

Intervention period Post-intervention period

 

Note: Due to transformation of logged data, Figure 1 reflects estimates of median water use. 

Figure 1. Trend daily water use per person (litres) for intervention and post-intervention periods. 

 
 
Discussion 
 
Compared to the control condition, all three interventions were successful in reducing residential water demand, 
although they showed different profiles over time. Rebound effects, in which behavioural interventions show a 
positive initial effect that fades over time, were clearly identified for two of the three interventions. Such clear 
empirical demonstration of rebound effects is uncommon in the intervention literature. Although the water end-use 
condition did not show a rebound effect, it is unrealistic to expect that the households in this condition will continue 
to reduce consumption forever. Logically, they must reach some minimum consumption, and it is also likely that 
they too will show a rebound effect if enough time passes: it is unreasonable to expect that water savings will be 
maintained in the long term without some reinforcement or further intervention. Although it is probably impractical 
to continue this current project further to continue tracking the changes in water use profiles over time, we have 
demonstrated the high value to be gained from large-scale longitudinal research of household consumption: 
intervention studies with actual measures of the targeted behaviour clearly have a central role to play in furthering 
our understanding of what interventions are most effective. 
 
The different impacts over time of the various interventions have important implications for the value of each 
intervention. It may be that more technology-intensive and expensive interventions, like the tailored feedback 
provided in our water end-use condition, may be more cost effective over time if they result in water savings that are 
more long lasting. Further analyses are planned to identify the costs of water savings for each of the interventions, so 
that this direct comparison of effectiveness can be made. Further research of this type is needed to replicate these 
results, and expand our understanding of when and why interventions of this type “wear off” over time. 
Understanding these effects will provide valuable knowledge for water utilities and other groups that are involved in 
demand management activities. 
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