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ABSTRACT
Essentially, there are two overarching demand 
management strategies employed to achieve 
efficient water consumption in the residential 
sector. These are: targeting water use 
behaviour change (“mind”) and promoting 
the use of water-efficient technologies 
(“machine”). Using detailed water end-use 
data and qualitative methods, this paper 
describes the role that each of these strategies 
has played over the last few years, using data 
from 250 residential properties located in the 
south-east corner of Queensland. 

The role of water-efficient technology 
(e.g. low-flow shower heads, 4-star-rated 
clothes-washers) in reducing potable 
demand will be compared with the 
importance of attitudes and behaviours to 
water conservation. Results indicate that 
how we value water (psycho-social variables) 
and interact with water-efficient fixtures 
is at least as important in reducing water 
consumption in the home as the quality and 
quantity of water-efficient stock. The paper 
concludes with some suggestions on how 
such study outcomes can be relevant to 
future demand management approaches.

INTRODUCTION
In 2009, South-East Queensland (SEQ) 
emerged from a severe and prolonged 
drought, which had prompted a number 
of strategies to conserve and/or augment 
dwindling water supplies. This involved 
integrated urban water management 
strategies from both the demand and 
supply perspectives. More broadly, many 

government authorities in Australia have 
imposed water restrictions and water 
saving measures to manage demand and 
ensure the conscious use of water across 
the residential, commercial and industrial 
sectors. Smart metering and resultant 
water end-use dataset are useful demand 
management tools that are gaining 
momentum, in Australia and elsewhere, 
for underpinning proactive and targeted 
demand management (Beal et al., 2013; 
Roberts et al., 2012) (Figure 1).

Using such an approach, the nature  
and drivers of residential water end-use 
was investigated over a three-year period 
by two aligned and major projects: the 
South East Queensland Residential End-Use 
Study (Beal and Stewart, 2011) and the 
Behavioural Interventions Study (Fielding 
et al., 2012). Both projects were funded 
through the Urban Water Security Research 
Alliance – a Queensland Government-led 
research collaboration (UWSRA, 2012). 
Some major aims of these studies were to:

•	 Calculate both the household and  
per capita water consumption of each 
participating household for key water end-
use categories (i.e. shower, clothes-washer, 
tap, toilet, dishwasher, outdoor, bath, leak);

•	 Undertake a comparative analysis  
of water end-uses between different 
household demographic categories 
within the study regions;

•	 Assess the influence of household 
appliance/fixture efficiency on water  
end-use consumption;

•	 Identify psycho-social drivers of 
household water consumption;

•	 Evaluate different behavioural 
approaches to reduce household  
water demand; and 

•	 Investigate the effectiveness of  
a range of intervention techniques  
on household demand.

Results from the baseline end-use  
analysis were presented in this journal  
in late 2010 (Beal et al., 2010). This paper 
presents an update of this work and broad 
summary of the key outcomes of the 
SEQREUS, together with highlights  
from the Behavioural Intervention Study 
with an emphasis on the water savings 
reductions achieved from technical  
and behavioural perspectives.

METHODS
South East Queensland Residential  
End-Use Study 
The SEQREUS was located in the south-
eastern corner of Queensland, Australia.  
A total of 252 households participated in 
this study, with a varying range of household 
occupancies, family composition and 
household income categories, which  
are described in Beal and Stewart (2011) 
and summarised in Table 1. 

The SEQREUS used a mixed method, 
advanced water end-use measurement 
approach to capture and analyse water 
use data (Figure 2). Smart meters (Actaris) 
measured flow to a resolution of 72 
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Figure 1. An example of how end-use data can be applied in the water sector.

Table 1. Selected characteristics of 
households in the SEQREUS sample.

Sample Characteristicsa SEQ combined

Household occupancy 2.6

No. of people 661

No. of homes 230

Average household 
income ($AUD)b

75,722

Notes: adata presented are averages; 
bEstimated from taking the average of 
the household income category that each 
respondent selected (Gregory and Di Leo, 
2003), where categories were: 1 = <$30,000,  
2 = $30,000–$59,000, 3 = $60,000–$89,999, 4 = 
$90,000–$119,999, 5 = $120,000–$149,999, 6 ≥ 
$150,000.
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pulses/L or a pulse every 0.014 L. The 
meters were connected to Aegis Data Cell 
series R-CZ21002 data loggers. The loggers 
were programmed to record pulse counts 
at five-second intervals. A representative 
sample of received data was extracted from 
the database and disaggregated into all 
end-use events associated with the sampled 
residential households using the Trace 
Wizard® software (Aquacraft, 2010). 

Concomitantly with meter and logger 
installation, a water fixture/appliance stock 
survey was conducted at each participating 
home in order to investigate how 
householders interact with such stock. By 
completing the stock survey, the householder 
provided information on typical flow rates of 
taps and showers, the number and rating of 
water-efficient appliances and the typical water 
consumption behaviours of the householders. 
Further discussion on the research methods is 
provided in Beal and Stewart (2011). 

Behavioural Interventions Study 
In a parallel study, various interventions were 
applied to sub-groups of the participating 
SEQREUS households, to evaluate different 
behavioural approaches to reduction of 
household water demand. Three strategies 
were trialled and described in detail in 
Fielding et al. (2013). 

 The first was an information only 
intervention in which households were  
sent monthly water-saving tips about how  
to reduce water use in the bathroom, 
laundry, kitchen, and through fixing leaks. 
The second intervention group received 
the water-saving tips as well as descriptive 
norm information. This was information 
that described what people actually do to 
save water around the house (e.g. turn tap 
off when brushing teeth etc.). The third 
intervention group received the water-
saving tips and water end-use feedback 
information. Households in this group 
were advised of their average daily water 
usage and were provided with a pie chart 
that showed the proportion of water their 
household used on water-using activities 
(e.g. shower, taps, clothes-washing). 

The three intervention groups were 
compared to a control group, which did 
not receive any information. The inclusion 
of a control group allows an assessment 
of whether changes in water use can be 
attributed to the interventions or whether 
any changes that occur in water use may 
have resulted because of being part of  
the study or because of external events. 

Growth curve modelling (also known as 
individual growth modelling or multilevel 
modelling for change) was employed since it 
has been specifically designed for modelling 
linear and curvilinear changes over time for 

continuous variables (Singer and Willett, 
2005). Any water use savings associated with 
interventions may level out over time or even 
rebound to pre-intervention levels. To test for 
curvilinear effects over time, a squared term 
was included in the model for the number of 
days from the beginning of interventions (i.e. 
the day number squared). Including this term is 
what distinguishes a growth curve model from 
a standard random intercept multilevel model.

RESULTS AND DISCUSSION 
A detailed description of results can be found 
in Beal and Stewart (2011) and Fielding et al. 
(2013). Some results are highlighted below.

END-USE ANALySIS

Consumption trends

Average end-use consumption breakdowns 
are shown for each period of analysis for the 
average across all regions (Table 2). Clothes-
washer, shower and taps were typically the 
greatest contributors to household water 
consumption. Unfortunately, the very wet 
summer in SEQ strongly influenced the pattern 
and volume of water consumption, thus 
providing atypical patterns of consumption 
that has been traditionally associated with the 
hot summer climate. In addition to the wet 
weather, the Behavioural Intervention Study 
encouraged frugal water use, particularly for 
shower and clothes-washing activities. Leaks 
had also been substantially reduced as a result 
of communications to homeowners who  
were identified as having excessive leaks. 

Irrigation, which historically has had a high 
demand, particularly in dry weather, was 
notably low throughout the study, despite 
the removal of outdoor watering restrictions. 
The slow onset of any ‘rebound’ effect, i.e. 
the return to pre-restriction levels of water 
consumption, may be attributable to a 

Figure 2. Mixed method approach used 
in the SEQREUS. 

Table 2. Average daily water consumption trends for the three SEQREUS monitoring periods.

End 
use

Winter1  
2010

Summer2  
2010-11

Winter3  
2011

Winter  
2010

Summer  
2010-11

Winter  
2011

Winter  
2010

Summer  
2010-11

Winter  
2011

L/p/d L/hh/d % of total

Leak 9 4 3.1 17.7 8.6 9.08 6.2 3.2 2.1

Toilet 23.7 23 24.4 58.6 56.2 70.1 16.3 18.3 16.9

Clothes-washer 31 26.5 31.8 82.7 65.1 89.2 21.4 21.1 21.9

Shower 42.8 36.2 49.9 115.0 94.3 149.1 29.4 28.8 34.4

Dishwasher 2.5 1.9 2.2 6.5 5.0 6.1 1.7 1.5 1.5

Tap 27.5 27.4 25.1 68.6 67.1 70.1 19 21.9 17.3

Bathtub 1.8 1.5 1.9 5.8 4.6 4.9 1.2 1.4 1.3

Irrigation 7 4.8 6.7 15.7 10.3 16.9 4.8 3.8 4.6

Total 145.3 125.3 145.1 370.7 311.3 415.6 100 100 100

Notes: 1 n= 252 households, 2 n= 219 households, 3 n= 110 households
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number of technical and social factors. It is 
hypothesised that the introduction of new 
legislation, water restrictions, effective Target 
140 L/p/d campaigning, monetary assistance 
for retrofitting water-efficient technology 
and a prolonged threat to the water supply, 
has resulted in a prolonged change in the 
behaviour of SEQ residents towards water 
consumption. Outdoor consumption reduced 
significantly during the region’s drought 
period prior to the SEQREUS study and, at 
the time of writing, has not yet substantially 
risen from these low levels. This effect could 
be confirmed with more longitudinal data 
covering summer seasons exhibiting more 
typical temperature and rainfall patterns. 

IMpACTS OF HOUSEHOLD  
STOCK EFFICIENCy ON  
WATER CONSUMpTION 

The range of potential water savings that have 
been observed from the SEQREUS sample 
is presented in Table 3. Of note, replacing 
the old-style showerhead with any star-rated 
showerhead would significantly (p<0.05) 
reduce water consumption by a minimum 
of 28kL per year, representing a potential 
maximum savings of 75% (Table 3). The ≥4-star 
clothes washing machines used significantly 
less (p<0.05) water than ≤2-star machines, with 
estimated annual savings from front-loading 
washing-machines equated to 10.6kL/hh 
annually or around 36% (Table 3). 

All homes were weighted for overall 
efficiency, with the 50 least efficient and 50 
most efficient homes being compared over 
an average diurnal trend. There was a clear 
and significant (p<0.05) reduction in the peak 

demand from homes with a high degree of 
water efficient fixtures and appliances. This 
result has positive implications for reducing 
infrastructure costs and upgrade deferrals 
as a result of sustained changes to water 
consumption in high efficiency homes  
(Beal and Stewart, in press). 

Increases in per capita irrigation by homes 
without rainwater tanks were apparent for 
some regions and, notwithstanding the 
overall low irrigation consumption, the results 
generally demonstrate that there are some 
mains water savings (up to 15% in SEQREUS 
sample) to be made by the installation  
of non-internally plumbed tanks (Table 3). 

IMpACTS OF HOUSEHOLD  
SOCIO-DEMOGRApHICS  
ON WATER CONSUMpTION 

While the results have clearly demonstrated 
the impact that water-efficient technology can 
have on residential water demand, behavioural 
change and attitudes towards consumption 
have been shown to be at least as important 
in reducing demand (Gilbertson et al., 2011; 
Russell and Fielding, 2010). In terms of 
perceived water use clusters, a clear pattern 
emerged from the results that showed that self-
reported high water users typically consumed 
less (130 L/p/d) than both the self-reported 
medium (156 L/p/d) and low (143 L/p/d) water 
users on a per capita basis. Results indicate 
a trend that higher income, larger, younger 
and more educated households tend to install 
efficiency appliances. A summary of some 
statistically significantly higher water usage  
for specific socio-demographic groups and 
end-uses are shown in Table 4.

Higher-income households consumed 
more water on average per day than  
lower-income homes with shower, clothes-
washer, dishwasher and bath contributing  
to the differences between these groups. 
There was a trend for households with  
small families, with an older average age  
of residents and no children, to consume 
less water per household on average. 

At an average total of 354 L/hh/d, 
households with either full and/or part-
time residents consumed significantly more 
(p>0.05) water than those homes with retired 
and/or pensioned residents (253 L/hh/d). 
Typically, water consumption will be higher for 
large homes with large families as the demand 
for water is obviously greater and there are 
more water fixtures and appliances; however, 
larger families are typically more water-
efficient on a per capita basis than individuals. 

RESULTS AND DISCUSSION: 
BEHAvIOURAL INTERvENTION 
STUDy

This section describes trends in daily water 
use for households over time, accounting for 
the differences in behavioural interventions. 
Data preparation for analysing the results and 
the longitudinal modelling approach are both 
described in detail in Fielding et al. (2012). 

Impacts of interventions 

The average daily water use per person by 
intervention group and monitoring period 
is presented in Table 5. The results from the 
Intervention Study demonstrated that even in 
a population where water use is already low, 
voluntary demand management strategies 
can promote further water savings (Table 5). 
It is the first study to test the effects of these 
voluntary demand management strategies in 
relation to water conservation, and to test the 
effectiveness of these strategies over a period 
of more than a year (475 days). 

Compared to a control condition, all three 
voluntary strategies were effective in reducing 
household water use, even in the context of 
low pre-existing levels of household water 
use and high levels of rainfall during the 
intervention period. This result suggests that 
the longer-term effectiveness of voluntary 
demand management strategies depends on 
the ongoing implementation of strategies  
and a context of water scarcity. 

In this study, householders had previously 
experienced serious drought conditions and, 
despite recent high rainfall, it was likely that 
water conservation remained a salient and 
personally involving issue and engaging in 
water conservation activities was considered 
normative. Information provision may have 
been effective because it reinforced existing 

Table 3. Influences of water-efficient stock on household water savings.

Water-efficient household appliance or fixture Potential savings rangeb (%)

Showerhead 25–75

Clothes-washer 6–36

Dishwasher 20–52

Tap 25–65

Rainwater tank – external use onlya up to 26
a There were no internally plumbed rainwater tanks included in the SEQREUS study. b Quantum of 
savings is dependent on the difference in efficiency between the existing and replaced stock item.  
For example, a high degree of savings will occur if replacing the oldest model shower head with the 
highest efficiency (4-star) shower head.

Table 4. Relationship between socio-demographic groups and higher water usage.

Socio-demographic group Water use activitya
Average per capita 

use (L/p/d)

One or more teenager in the home Shower 46.6

Average age of householder 
between 20 and 40 years old

Shower

Clothes-washer

42.5

31.3

Older, small family (61–70-year-old 
couple)

Tap 33.3

a Significantly different to other socio-demographic groups at p<0.05
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water conservation norms. These findings 
highlight the importance of approaches that 
communicate the precious and finite nature 
of water and the need to foreground water 
security as a critical issue. 

A further consideration in relation to 
the effects of water end-use feedback is 
the lag between water use and receiving 
feedback about that water use. Geller (2002) 
has proposed that feedback should ideally 
be given as close as possible to behaviour, 
and past research has demonstrated the 
effectiveness of frequent feedback in relation 
to reducing household energy use (Abrahamse 
et al., 2005). Results from the present study 
showed that delayed feedback about how 
water is used in the home can be effective, 
however, it is possible that more immediate 
water end-use feedback may be even more 
effective. Current smart water-metering 
technology does not allow real-time feedback 
to householders, but this may be practical 
in the future with the development of more 
sophisticated technology.  

The data also show that while the reduction 
in water use resulting from the intervention 
was maintained for some time after 
information provision ceased, household  
water use gradually returned to pre-
intervention levels. These data suggest that 

although people often perceive that they 
are doing all they can to save water (Walton 
and Hume, 2011), if they are motivated and 
provided with effective information they can 
achieve even greater reductions. 

Once the information campaigns are 
removed, however, further environmental cues 
like drought or water scarcity may be required 
to facilitate the maintenance of behaviours 
that achieved the reductions demonstrated 
in the current study. Our householders 
experienced the opposite cues – floods and 
full water reservoirs during and after the 
study – and given these conditions, there is 
the potential for the intervention approaches 
we trialled to have greater impact during 
conditions of water scarcity (Nieswiadomy, 
1992; Trumbo et al., 1999). 

Data in Figure 3 shows the increasing 
average daily per capita consumption  
over a three-year period. This may be an 
indication that residential consumption 
is beginning to rebound, but also may 
be natural variability that is inherent in 
consumption trends. Further research is 
currently being conducted to determine 
whether consumption is rebounding in SEQ 
and, if so, what are the drivers (e.g. climate 
and/or behavioural change, and/or water–
efficient household stock attrition).

CONCLUSIONS
Results from the two studies presented 
 in this paper demonstrate the importance 
of both “technology driven” and 
“behaviourally driven” water conservation. 
There will always be some level of human 
interaction with water-efficient technology, 
and this may ultimately determine the 
ability of a household to conserve water 
over the longer term. For example, despite 
the installation of a low-flow showerhead, 
the duration and frequency of shower use, 
dictated by human behaviour, can strongly 
influence the volume of water used. 

Voluntary demand management strategies 
can promote further water savings, despite low 
pre-existing water consumption. Descriptive 
norms, information provision, and feedback 
on specific household end-uses were effective 
interventions in reducing water consumption. 

Results demonstrate the high 
importance of a sustained targeting of 
water consumption behaviour, particularly 
shower and tap use, as well as encouraging 
installation of water-efficient measures. 
Families with young children or teenagers 
are high water consumers on a household 
basis – and this can be a target area for 
water conservation managers to consider, 

Table 5. Trend daily water use per person (litres) by intervention group and period.

Intervention period General statistics

Group
Pre- 

intervention
Intervention

Post- 
intervention

Total SDa Min Max

Control 141.3 138.9 159.6 150.4 101.6 10 1,415 

Information only 134.5 114.9 108.8 116.3 69.3 10 1,105 

Descriptive norm 156.5 141.0 147.3 147.7 117.0 10 2,147 

Water end-use 132.9 121.0 136.8 131.6 133.2 10 3,626 

Total 142.5 131.2 144.4 140.4 114.7 10 3,626 

Notes: astandard deviation

Figure 3. Average total daily water consumption over a three-year period in SEQ households.
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especially as homes that have water-efficient 
technology may not necessarily have low 
water consumption behaviours. 

THE AUTHORS
Dr Cara Beal (email: c.beal@
griffith.edu.au) is a Research 
Fellow at the Smart Water 
Research Centre, Griffith 
University, Queensland. 
Her research is focused on 

Integrated Water Management, Water 
Efficiency and Conservation, Smart Metering 
and Residential End Use Studies.

Associate Professor Rodney 
Stewart (email: r.stewart@
griffith.edu.au) is the 
Director of the Centre for 
Engineering and Infrastructure 
Management at Griffith 

University. His research is focused on  
Urban Water Planning, Smart Metering  
and Residential End Use Studies.

Dr John Gardner (email:  
john.gardner@csiro.au) is  
a Social Psychologist in the 
Ecosystem Sciences Division, 
CSIRO, Queensland. Much  
of his research involves large-

scale surveys and evaluations of intervention 
programs, and examines the role of 
individual and social factors on behaviour 
change, carbon footprints, and uptake  
of new technology.

Dr Kelly Fielding (email: 
k.fielding@uq.edu.au)  
is a Senior Research Fellow 
at the Institute for Social 
Science Research, University 
of Queensland. She is a 

social and environmental psychologist 
with interests in urban water management, 
climate change communication and 
the social dimensions of environmental 
sustainability broadly.

Dr Anneliese Spinks (email: 
anneliese.spinks@csiro.au) is a 
Social Scientist working with the 
Social and Economic Sciences 
Program in the Ecosystem 
Sciences Division, CSIRO, 
Queensland. Her research 

interests include social determinants of health 
and well-being and environmental health. 

Dr Rod McCrae (email: rod.
mccrea@csiro.au) is a Social 
Scientist in the Ecosystem 
Sciences Division, CSIRO, 
Queensland. His research 
interests come under the 

theme of quality of life studies.

REFERENCES

Abrahamse W, Steg L, Vlek C & Rothengatter T 
(2005): A Review of Intervention Studies Aimed 
at Household Energy Conservaton. Journal of 
Environmental Psychology, 25, pp 273–291.

Aquacraft (2010): Trace Wizard® Software Version 4.1. 
1995–2010 Aquacraft, Inc Boulder, CO, USA.  
www.aquacraft.com 

Beal C & Stewart R (2013): Identifying Residential 
Water End-Uses Underpinning Peak Day and 
Peak Hour Demand. Journal of Water Resources 
Planning and Management, doi: 10.1061/(ASCE)
WR.1943-5452.000035.

Beal CD & Stewart RA (2011): South East 
Queensland Residential End Use Study: Final 
Report. Urban Water Security Research Alliance 
Technical Report No. 47.

Beal C, Stewart RA, Huang TT, Rey E (2010): South 
East Queensland Residential End Use study. 
Journal of the Australian Water Association,  
38 (1), pp 80–84.

Fielding KS, Spinks A, Russell S, McCrea R, Stewart 
R & Gardner J (2013): An Experimental Test of 
Voluntary Strategies to Promote Urban Water 
Demand Management. Journal of Environmental 
Management, 114, pp 343–351.

Gilbertson M, Hurlimann A & Dolnicar S (2011): Does 
Water Context Influence Behaviour and Attitudes 
to Water Conservation? Australasian Journal of 
Environmental Management, 18(1), pp 47–60.

Gregory G & Di Leo M (2003): Repeated Behavior 
and Environmental Psychology: The Role of 
Personal Involvement and Habit Formation in 
Explaining Water Consumption. Applied Social 
Psychology, 33(6), pp 1261–1296. 

Nieswiadomy M (1992): Estimating Urban Residential 
Water Demand: Effects of Price Structure, 
Conservation and Education. Water Resources 
Research, 28(3), pp 609–615. 

Roberts P, Athuraliya A & Brown A (2011): Residential 
Water Use Study Volume 1 – Winter 2010. Yarra 
Valley Water, July 2011.

Russell S & Fielding K (2010): Water Demand 
Management Research: A Psychological 
Perspective, Water Resources Research,  
46, W05302, doi10 .1029/2009WR008408. 

Singer JD & Willett JB (2005): Growth Curve 
Modelling. In B Everitt, D Howell, Eds. 
Encyclopedia of Statistics in Behavioral  
Science. Wiley, London, pp 772–779.

Trumbo CW, Markee NL, O’Keefe GJ & Park  
E (1999): Antecedent Precipitation as a 
Methodological Concern in Attitude Surveys  
on Water Conservation. Water Resources 
Research, 35, pp 1269–1273.

UWSRA (2012): Urban Water Security Research 
Alliance Annual Report, 2011–2012. CSIRO, 
July 2012. www.urbanwateralliance.org.au/
publications/UWSRA-Annual-Report-2011-12.pdf

Walton A & Hume M (2011): Creating Positive 
Habits in Water Conservation: The Case of the 
Queensland Water Commission and the Target 
140 Campaign. International Journal of Nonprofit 
and Voluntary Sector Marketing, 16(3), pp 215–224. 

TPV


