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Abstract: This paper reports on a review of international water conservation efforts, but with a
particular focus on the Australian context. The aim is to take stock of the current understanding of
water conservation, in particular: what influences people’s decision to conserve water, what influences
whether people persist with water conservation behavior and what contributes to awareness and
familiarity of water conservation behaviors. We also explore how all these factors jointly can achieve
water savings over time, and the efficacy of past efforts to save water. Subsequently, this is used
to identify where leading practice for managing water conservation is heading, which we argue is
the application of recent developments in behavioral science and advances in smart metering to
personalize water conservation programs. To support individualized water conservation efforts,
we need more longitudinal studies of water conservation behavior, a greater focus on behavioral
science, as well as the development of modelling tools that embed insights and lessons of this research
into decision support capability. This can help to develop the capacity to better implement water
conservation programs that respond to short-term water scarcity crises, such as droughts, while
also providing persistent reductions in per-capita water demand that can help meet strategic water
planning needs, such as deferring or downsizing capital investment in supply infrastructure to
accommodate demands associated with population growth.
Keywords: water conservation; water demand management; sustainable urban water management;
smart metering

1. Introduction
Over the last decade, several global regions have experienced severe droughts that have impacted
on regional water supply security. Furthermore, it is expected that anthropogenic climate change
will increase drought risk in many areas around the world [1]. Water-stressed regions have included
California in the United States where a severe drought limited the water available to support a large
population [2]. In Cape Town, South Africa an extended drought caused dwindling reservoirs and
the possibility of a “day zero” when potable water supplies run-out for a modern city of 3.7 million
people [3] clearly caused by a combination of drought and mismanagement. The water security of cities
is often negatively influenced by population growth, competition with other demands (e.g., agriculture
and environment), droughts, over-extraction, and pollution of fresh water sources [4–6]. Typically,
however, it is when a drought strikes that underlying vulnerabilities become apparent, sometimes not
allowing planners the time to respond. For example, Muller [7] argued that the potable water supply
crisis in Cape Town was mostly a product of poor management and planning where decisions were
made based on political popularity rather than a scientific assessment of drought risks. Ziervogel et
al. [8] argued that potable water demand-side interventions, i.e., water conservation, is an essential
climate adaptation priority for Cape Town. In particular, potable water conservation measures can
be rapidly implemented in response to a drought event, while interventions to augment supply have
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a much longer lead time to reduce potable water security stress. With the benefit of hindsight, few
would now argue it was not prudent to implement potable water conservation measures. In Australia,
the location of the authors, the Millennium Drought was an extended period (1996–2010) of below
average rainfall that meant water storages for Australia’s most populous cities reached critically low
levels [9]. The response to the drought transformed how cities in Australia both source their water and
how they use it [10]. In fact, due to the length of the drought, many would argue that it changed the
culture of water management in the country [11,12].
Generally, the responses to potable water supply deficits are of three types:
A.
B.
C.

Conserve water;
Substitute potable water with alternatives sources;
Augment existing supplies.

Strategy B (substitute supply) and C (augment supply) usually come at considerable costs and
require time to implement. Conversely, water conservation efforts support more responsive governance
and can be implemented quickly and are not associated with large infrastructure investment costs.
Therefore, pressures on potable water supply security highlight the importance of demand-side
measures, where the focus of water services is not only on meeting growing demand through
augmentation of supply infrastructure but also on shaping future demand to ensure that water
services are reliable, cost-effective and environmentally sustainable [13]. Reduced potable water use is
also associated with reduced energy use and greenhouse gas emissions [14–17]. Another important
advantage of water conservation, similar to supply augmentation, is that it has the potential to protect
environmental water flows, especially at times of drought [18,19] and can, if using stormwater as a
supply source, even reduce environmental damage caused by urban runoff [20]. As such, potable
water conservation is often considered to be an important tool in the toolbox to support Sustainable
Urban Water Management (SUWM) [21–24].
This paper provides a review of water conservation experiences over the last couple of decades,
with a specific focus on Australia, to identify any key lessons, and subsequently provides a discussion
about where the key opportunities are for water conservation going forward. As such, the paper
is primarily a review paper, but it is framed around a theoretical understanding of how water
conservation is implemented through promoting awareness and understanding, and with the addition
of decision trigger, such as a drought, initiate behavioral changes that conserve water. We do this in
recognition that the primary driver for water conservation is the adoption of water-efficient practices
by households. In particular, we structure the discussion around how to promote water conservation
based on the notion of the “consumer decision journey” [25] translated into the context of water
conservation behavior:

•

•
•

Awareness and familiarity: how can you make people be aware of and familiar with water
conservation practices? To what extent does this translate into consideration of water conservation
behaviors? The consideration here is the active choice whether to undertake a particular behavior.
Adoption: once water conservation practices are “on the radar”, what makes people consider and
adopt them?
Persisting: once people have adopted water conservation practices, to what extent will they
persist with this behavior?

Finally, with this in mind, we ask: what approaches are available for planners to initiate water
conservation behavior in response to future water security challenges?
2. Scope and Method of Paper
As already noted, this paper focuses on reviewing experiences to conserve potable water in urban
areas, with most of the references from the US, the UK, Australia, and Spain. The paper’s scope does
not cover water governance, but findings from this paper can help inform better decisions (i.e., who
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can use this information). We also note that the paper does not cover non-residential urban water
conservation, or water demand from ex-urban uses such as agriculture.
The literature review was undertaken using Scopus abstract and citation database which covers
more than 36,000 titles and 69 million records. We searched particular keywords, including but not
limited to those listed here:

•
•
•
•
•
•
•
•
•
•

“Water conservation” and Urban
“Rainwater harvesting” and “water saving”
“Irrigation”, “water saving” and urban
“Smart meter”, feedback and “water saving”
Tariff, metering, urban and water
Media, water, conservation, urban and awareness
Water, conservation, urban and “public awareness”
“Water conservation” and psychology
Awareness, “water conservation” and urban
Awareness, “water demand management” and urban

Based on the search results, we focused primarily on those which fulfilled the criteria of (1)
being one of the top-20 most highly cited OR which are published in the last two years, and (2)
which had abstracts and/or titles that indicated relevance to our topic. Once key articles were
identified and reviewed, we also followed the reference lists for what we perceived to be particularly
pertinent information. Generally, we avoided conference papers except in cases when papers seemed
particularly relevant. This approach was complemented with further “snowballing” where citations
in papers found through the original search were used to develop a more comprehensive review of
relevant papers.
3. Awareness and Familiarity with Water Conservation Behaviors
There is a reason many of the conservation programs aiming to reduce potable water demand
focus on raising awareness, rather than focusing on providing financial incentives or restrictions. In
China, where water shortages are becoming increasingly common, water pricing and raising awareness
have been proposed as key strategies to reducing demand, while pricing reforms are perceived as more
difficult to get right [26]. In fact, there is huge potential in voluntary water conservation [27]. This is
because the first step towards a household deciding to conserve water is that they understand the
importance of water conservation and that they know what to do to reduce water demand. In India,
it was found that uptake of particular water conservation efforts, such as rainwater harvesting, was
hampered due to lack of familiarity [28]. Stavenhagen et al. [29] have reviewed water conservation
methods, and found that while information campaigns are considered important for creating a more
informed and rational water user [30] but Inman and Jeffrey [31] found that media broadcasts tend
to reduce water demand by 2–5% but the effectiveness of awareness campaigns is unclear and in the
range of 0 to 8%. In a more recent study in California, regular media attention around drought and
the need for water conservation has been associated with 11–18% reduction in water use [32]. In the
context of Namibia, with near permanent water stress, it has also been argued that information and
awareness campaigns need to have a long-term focus [33]. In one of the most encouraging results,
a study in Australia found that providing householders with procedural information about how
to reduce their water demand achieved a 16% reduction, indicating the power of individualized
recommendations [34]. Based on experiences of water conservation awareness media campaigns in
Barcelona, March et al. [35] report survey results which indicate that campaigns over several years can
achieve a near complete awareness (92% in the case of Barcelona) of the impacts of severe drought and
the associated need for water conservation. Furthermore, nearly two thirds of the population reported
to have adopted measures to reduce their water consumption, although the majority of actions were
behavioral, such as having shorter showers (74%), turning off the tap while brushing the teeth (67%)
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and only using the washing machine when full (49%). They do however note that there are concerns
about how the media campaigns were implemented, in the sense that there needs to be a greater focus
on how to reduce water demand and providing targeted information suitable to particular household
segments. For example, it was noted there was a need for a greater focus on those households with
outdoor water use, and what they could do to reduce water demand. This echoes research from the
1980s that found that while the awareness of the need for water conservation could be generated,
given underlying circumstances, the increased understanding of specific of water conservation actions
is harder to achieve [27]. The authors also noted that there needs to be a rigorous and quantitative
approach to evaluating the effectiveness of awareness campaigns over the long term, and a better
understanding of how the design of awareness campaigns influence water conservation outcomes
in different contexts. Particular focus needs to be given to the influence of the credibility of the
information source, the narrative style of the message, the information channel, and how the message
is targeted to the individual [27]. Sauri [36], in a more recent review, has argued that awareness
campaigns tend to benefit from having a particular behavior change in focus and it is important to
target behavior changes that have a greater impact across a population. Willis et al. [37] described the
innovative use of householder’s smart meter data to provide direct and individualized information
feedback on water use patterns, which influenced changed behavior.
4. Influences on the Choice to Conserve Water
The choice to conserve water depends on contextual factors, such as the price of water, household
characteristics, the level of inconvenience and practicality of practices, as well as the attitudes and
social norms of the household [28,31,38]. A seminal paper by Gregory and Di Leo [39] found evidence
in an Australian study that water conservation adoption was driven by a process of environmental
awareness, personal involvement, habit formation and contextual factors such as income.
4.1. Contextual Factors
There are contextual factors that influence both water demand as well as the potential to conserve
water [40]. For example, in the context of Sydney, it has been shown that changes in temperature,
rainfall patterns, and evaporation, has a moderate impact on water demand [41,42]. We also know
that the urban design, soil type and urban greenery has an impact on urban heat as well as on water
demand [43–45]. It has also been observed in the Californian context, not surprisingly, that the potential
for water savings are greatest during summer months [46].
4.2. Price and Restrictions
The elasticity of water demand to the price of water has been the topic of many studies [41,47,48].
This is a typical approach by economists and an example of such a study is that by Arbués et al. [49]
explored an econometric model derived of the form Qd = f(P,Z), which relates water consumption
to some measure of price (P) and other factors (Z) such as income, household type, or household
composition. However, there is no consensus on the methodology to analyse water demand. Variables
affecting demand include price, household income, weather, housing characteristics (number of
bedrooms and bathrooms, garden size, metering), the frequency of billing and tariff design, indoor
versus outdoor use (seasonal demand and peak-load pricing.). It was found in Namibia that pricing
was important for reducing urban water demand but that the effectiveness of block tariffs was
over-estimated [33]. Furthermore, water companies and/or governments often put in place water
restrictions at times of drought, and this clearly helps to reduce demand [47,50]. We note, however,
that restriction of urban water use, especially for outdoor irrigation, tends to come at a cost in terms of
externalities put onto the community and ecosystem services and it will therefore in many instances
be more efficient and desirable for planners and to implement alternative approaches [51–53].
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4.3. Household Characteristics
Household characteristics influence water demand and the potential for water conservation,
such as:

•
•
•

Higher income is generally found to be associated with a higher water demand [38,54].
Larger household size uses more water and similarly [38].
An older household tends to use more water [38].

In a study in India, social norms, income, age, and self-efficacy (the perception of one’s actions
capacity to make a difference) had an influence on water conservation behaviors [28]. Along these lines,
Pullinger et al. [55] explored the influence of demographic factors on water conservation behavior, with
the findings used to test the validity of existing standard approaches to modelling household water
use within the water industry. Current approaches to household segmentation, for example, categorize
“households of water users” based on socio-demographic or other household characteristics. These
approaches assume that these household level variables can “predict” the water using behavior of
particular types of households, as well as other environmental behaviors [56–59]. Another important
goal of market segmentation is finding out which groups that could best be targeted to achieve water
savings. Turner et al. [60] have suggested water conservation be promoted within low-income groups
because of the high relative savings as well as social benefits to these groups. However, it has also
been argued that there is no “average water user” because there are so many context-specific factors
associated with different sites and different homes (kitchen sink, shower, toilet, outdoor tap, etc.)
that vary so greatly that prediction becomes almost impossible [61]. In fact, it has been shown that
even with segmentation based on attitudes, values, and socio-geo-demographic variables, current
approaches provide relatively poor predictions of individual water use [59]. A study by Jorgensen et
al. [62] in South Australia and Victoria, Australia, explored the way that the temporal dynamics of
metered household water consumption could be explained by individual household characteristics. It
was found that household size and personal motivations were important factors, and the level of social
comparison predicts temporal changes over time. Sofoulis [63] argues, based on interviews with water
professionals in Australia, that there is a need to focus more on the application of social, political, and
cultural theory in designing water conservation programs. Theoretical insights from these fields can
provide for better consideration of gender, intrinsic motivations, cultural considerations, and ethics.
4.4. Inconvenience and Impracticality
Dolnicar and Hurlimann [64] collected empirical data, through an Australian survey of 1495
people about attitudes towards water conservation and their stated water conservation behaviors. The
results from this survey indicate that Australians generally had, at the time of the study, very positive
attitudes towards water conservation and water-saving appliances; however, these positive attitudes
did not consistently translate into reported water conservation behavior. In India, a large survey of
urban households found that water conservation that requires some level of effort, but no financial
cost was significantly less popular than water conservation that did not require behavioral change [28].
It is, therefore, believed that important barriers to adoption of water conservation behaviors are
the perception of inconvenience and impracticality, as well as costs associated with water-saving
appliances. Please note that costs in this instance are not just the financial cost of the appliance, but it
includes the perceived time and effort it takes to acquire the appliance i.e., the opportunity cost of time
and the perceived amount of space the appliance will require as well [65].
4.5. Attitudes and Social Norms
Fielding et al. [38] aimed to identify the key determinants of household water use, with a view to
identifying those factors that could be targeted in water demand management campaigns. Objective
water use data and surveys were collected from 1008 households in four local government areas of
southeast Queensland, Australia. Results showed that demographic, psychosocial, behavioral, and
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So what types of water conservation behaviors are more “sticky”, and which are likely to bounce
back over time? Studies on this are limited, which in part is due to the difficulty in untangling the
influence of behavioral change on water demand from more efficient appliance stock and increased
substitution with alternative water sources (e.g., household rainwater tanks). However, the analysis of
water conservation behavior surveys from both during and post-drought can, in combination with
demand data, provide some useful insights. For this purpose, we explore the case of Sydney, as shown
in Table 1. While there is not enough data to draw too many conclusions, we note a few implications
of the data:

•

•

•

There is a close correlation between stated intention in 2005 and the self-reported behavior in
2017, beyond what we would have expected. We interpret this to mean that stated intentions
take time to be realised due to limits on resources—time, effort, knowledge, and capacity etc.
However, over time, if motivational drivers remain, the stated intentions will largely be translated
into behavior through a process of diffusion.
We do however also note that two types of behavior where there appears to have been a
bounce-back effect, i.e., only using washing machines when they are full, and turning the tap off
while brushing teeth. We interpret this to mean that when opting out is easy, and when there is an
effort and/or cost involved with persisting with the behavior, some of the households will opt
out over time.
We also note that the appliance stock has changed significantly over the period, with front-loading
washing machines (previously considered a proxy for water-efficient appliances in Australia)
increasing their proportion of the stock from 16% to 37%. This uptake of more water-efficient
appliance stock will definitely lead to reduced water demand.

All considered the data in Table 1 is quite consistent with the per-capita water demand over time.
Most households will persist with most of the water conservation behaviors even after motivational
drivers are removed, except in cases when the effort and/or cost triggers householders to regress to
prior water conservation behavior. This shows that further longitudinal research is required to explore
the persistence of water conserving behaviors, as well as understand the contribution of behavior
change relative to changes in appliance stocks in reducing water demand.
Table 1. Rates of self-reported water conservation behaviors in Sydney 2005 and 2017. First two data
columns are from Randolph and Troy [75]. The last data column is based on a survey of 406 households
in Sydney by the authors in 2017.

Use half flush button on the toilet
Use the washing machine only when full
Take shorter showers
Reduce garden watering
Turn the tap off while brushing teeth
Front-loading washing machine (a proxy
for water-efficient appliance)

Self-Reported
Behavior 2005

Stated Intention
2005

Self-Reported
Behavior 2017

13%
21%
29%
13%
18%

62%
86%
58%
44%
92%

62%
56%
57%
50%
72%

16%

N/A

37%

6. What Has Worked in the Past?
Inman and Jeffrey [31] provided a review of types of water conservation programs. They note a
range of residential urban water demand in the range of 123–503 l/c/d; and then focus on an array of
policy instruments by which reduced residential water demand can be achieved noting five categories
of interventions: technological, financial, legislative, operation and maintenance, and educational.
What we are interested in is, to what extent do the respective programs achieve water savings? This
question is explored in Table 2.
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Table 2. Estimates of water savings from different types of water conservation programs. Ranges
reported using the range of estimates in the different studies mentioned.
Type of Program

The Estimated
Range of Savings

Public awareness/media campaigns (2–20%)
Public awareness campaigns, e.g., media broadcasts [76]

2–5%

Public awareness and media campaign during a drought in Barcelona [35]

21%

Providing simple procedural information to households on how to achieve water
conservation in a small study in Queensland, Australia [34]

16%

Media attention during drought, i.e., ~100 articles bimonthly [32]

11–18%

Information and media campaign during drought [77]

11%

Implementation of water use restrictions, and reductions in the household and
network leakage in the UK [78]

14%

A review of the evidence for the effectiveness of awareness campaigns reports results
of 5–20% reduction but notes that the contextual factors and design of the awareness
campaign are of critical importance [36]

5–20%

Metering linked with pricing mechanism (−16–56%)
In an 8-year study in Aurora, Colorado, metering linked with a block-based tariff
found that people, in fact, used 16% more water than before, presumably because of
the being better able to control not going into a higher block [47]

−16%

Implementing a dynamic tariff system and using smart meters in Valencia, Spain has
provided considerable water savings [79]

Up to 18%

Metering residential water use and charging on a per unit basis in several cases in the
US, excl. limited metering [31]

10–56%

Metering residential water use and moving from a flat rate to volumetric pricing [80]

15–31%

Smart Metering feedback of information to householders (3–20%)
Real-time feedback on water use, via meters [81]

3%

Public awareness promoted using smart water meters in Copenhagen [29]

20%

In Dubuque, the US, a study of the water conservation effects of an online water
portal providing near real-time feedback to households based on smart metering
information there were measurable water savings

7%

Public goal setting combined with installation of smart meters to provide feedback to
households, in Zaragoza, Spain [29]

5%

Smart metering intervention providing detailed feedback on household water use, in
the context of Australia [82]

8%

Smart metering feedback of information to households [83]

7%

Synthesis of a range of smart metering feedback studies [84]

6%

A review by Sønderlund et al. [85] found that the amount of water savings based on
providing feedback on water consumption to households varies considerably
(3–54%), with average water savings of 20%

20%

Water-saving/efficient devices (12–80% depending on type)
Residential retrofit program in Sydney provided considerable population level
savings [86]

12%

Adoption of rainwater harvesting, in the context of Australia [87]

Up to 80%

Use of rainwater found to be able to meet a large proportion of household demand in
the context of Melbourne, Australia [88]

40%

Retrofitting water-efficient devices [89]

50%

Water-efficient washing machines were found in a metering study to provide
significant water savings to individual households in the Gold Coast, Australia [90]

15%

Water-efficient shower heads were found in a metering study to provide high levels
of water savings to individual households in the Gold Coast, Australia [90]

19%
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Public awareness and media campaigns have been shown to be quite effective, although the exact
mechanisms of triggering water use behavior, particularly outside of a drought, are largely unexplored.
Public awareness campaigns promoting water conservation practices are a response to a drought
episode, and once that drought threat recedes often the public awareness efforts are also wound back.
While public awareness campaigns have been effective in reducing water demand [40,91], there
can be considerable variability. Therefore, it would be worthwhile to explore how the effectiveness can
be maximized both during drought crises and outside of drought.
Moving from fixed pricing to volumetric pricing has a very considerable potential for impact in
terms of water savings. However, this opportunity has already been realised for most cities who have
implemented water metering and volumetric pricing schedules. Another option may be to introduce
more complex cost reflective tariff structures, based on reducing demand at peak times that determines
many of supply side costs [92]; or to use increasing block tariffs whereby consumers that use larger
volumes pay a higher price per kL [93]. Although this has been noted as problematic from a fairness
perspective given that the cost of meeting basic individual needs will depend substantially on the size
of the household [94,95], and larger household size is generally correlated with lower socioeconomic
status [96].
Promoting water-saving devices is another high impact option but does typically require some
rebates or investments in infrastructure [97]. For example, rainwater tanks may help reduce water
demand by up to 80%, based on studies in the Australian context, and which in the Indonesian
context can provide 100% volumetric reliability in the right circumstances [98], and studies in
Bangladesh indicate that 30–40% reliability can be achieved in their context [99]. However, rainwater
harvesting comes at a significant investment cost, and requires ongoing maintenance and operation by
households [100–102]. A key benefit of these investments in alternative water supply infrastructure is
that, to a greater extent, the water demand does not bounce back after a drought.
System-wide adoption of smart metering technology seems to be easily obtained gain for
managing water demand, where the cost of the metering equipment is to a large extent offset if
successfully achieving the average reductions in water use of approximately 6%. The key advantages
of smart meters, however, may not be the immediate savings, but the increased understanding of water
use [90], the potential for leakage management [103]; as well as the possibility to provide targeted
messaging to households (yet to be fully explored).
7. What May Work in the Future?
Here we draw on previous experiences to discuss the potential to improve water conservation
practices into the future, with a focus on personalized messages to specific sectors and customer
cohorts, smart metering, and nudging; plus, what this means in terms of research needs. Figure 2
depicts the types of actions that might be applied for interventions on a spectrum from broad-based
approaches that seek to shape water demand for all customers, to more targeted approaches at specific
sectors or cohorts that have been identified as receptive to water conservation, and finally, actions at the
level of an individual customer. In reality, there will be cross-over and interdependencies between these
levels of water conversation interventions. For example, smart meters across a sample of customers
can be used to inform interventions targeted at specific cohorts, and also then inform likely responses
to broad-level interventions, such as behavioral nudges where customers’ water consumption relative
to a benchmark is displayed prominently on a bill to create a decision trigger for changed behavior or
adoption of more water-efficient appliance. Water utilities designing conservation programs face a
tension between individualizing programs to specific customer types versus broad-level programs
that build awareness and create triggers for the adoption of water conservation across all customers.
While individualized water conservation programs may provide the most appropriate interventions
for specific customers they also come at increased cost and effort if programs are to be scaled up
for broader adoption. For this reason, a hybrid approach may be most suitable based on the Pareto
principle that develops individualized water conservation interventions for the 20% of customers who
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based on surveys that indicate individual preferences and practical limitations; or indeed based onor
real-time monitoring of water use through smart meters. There is also the opportunity now to provide
individualized practical information to households on what types of water conservation actions that
they can carry out.
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7.3. Nudging for Encouraging Broad Customer Change
The behavioral science perspective is still developing in the research papers on water and
resource conservation, with a limited number of papers [34,104–108]. There is a potential to use
behavioral science in the way that Thaler describes [109,110]. For example, by understanding the
choice architecture of water conservation we may move our attention to:

•
•
•
•
•
•

How the decision to conserve water is being presented to community members.
The cognitive effort of making choices, i.e., make choices easier to understand.
The consumer funnel, which dictates that you may only make a decision if you are aware of a
choice and if you are triggered into action by some event.
Focusing on defaults, i.e., people are more likely to choose a pre-selected option.
Understanding the broader set of attributes that people may consider when deciding to conserve
water, especially in relation to factors such as effort and social norms.
Rebound effects, i.e., what makes people choose to opt out of water conservation behaviors. In
consumer and marketing theory, this loyalty aspect of purchases is critically important, and it
should also be important for water conservation theory.

Modelling tools may also provide a better understanding of how all these effects interact to
provide desirable outcomes. These tools can help visualize and communicate complex feedback from
water conservation interventions in a consistent manner to a broad audience that might have different
levels of experience and training backgrounds.
8. Research Needs
We note three key areas of research which are not yet well understood:

•

•

•

There is a need for longitudinal studies of water conservation behaviors to better understand the
impacts of enablers (such as awareness and motivational drivers) and barriers (effort and costs).
Well-designed longitudinal studies will finally allow researchers to distinguish causality from
correlation. This also needs to be done with a control sample to understand relative savings [86]
because absolute savings in any one year will not prove useful as they do not account for other
contextual factors such as climate or imposed restrictions which can vary significantly.
The research around how to best promote water conservation is still not well developed including
on which communication tools to use, how to frame and target messages, and how the success is
influenced by trust in the information source, etc. These issues and questions were raised already
by Syme in 2000 but some aspects in how information is best communicated appear to still require
further research [27].
To enable the capacity for nudging significant change in water conservation behavior through
identifying strategic interventions and triggers, there is a need to further understanding of how
state of the art behavioral science in the planning and evaluation of water conservation programs,
along the lines of that by Moglia et al. [111].

9. Conclusions
Decades of research on water conservation behavior provide significant insights into the decision
triggers and antecedent environmental factors that can influence households’ water demand. This has
helped us to improve the prediction of behavioral responses to intervention programs, such as water
restrictions and price increases. However, we still have a long way to go to accurately predict water
use response to water conservation education and awareness programs, which takes into consideration
individual customer values and motivations. Water conservation awareness and education are often
implemented as part of a drought response. Given the high likelihood that Australian cities will in
future experience drought events at least as severe as historical droughts, coupled with increasing
water demand driven by population increase, water planners and policy-makers are faced with the
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dilemma of ensuring future water security while ensuring a least-cost approach to providing water
services. Further supply augmentation in Australian cities is likely to have a significant cost, as in
most cases suitable natural water supply sources are already fully allocated, which means there would
need to be further investment in desalination plants that are capital and energy intensive. For this
reason, the use of water conservation programs to reduce demand should be fully used as a first line
response to droughts.
There is a need for an accurate and reliable water use model that could help water planners
in developing both responsive and strategic water conservation programs to meet both short and
long-term water security outcomes. However, there are still many gaps in our understanding of
water conservation behavior, particularly around how we can make water conservation behavior
stick when the threat of water scarcity is no longer preeminent in people’s minds. We argue the
importance of longitudinal studies, as the key research method to develop further. Only by using
longitudinal observations, can we have a clear understanding of key causalities of water conservation
behavior, and test the key influencing factors that will cause water conservation behavior to persist in
the long term. In addition to better modelling, we also advocate the use of new techniques employed
in the behavioral sciences to “nudge” people towards better water use behavior through strategic,
targeted interventions.
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