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Promoting domestic water efficiency via behaviour change
—An agenda for research and action

EXECUTIVE
SUMMARY

It is estimated that, if no action is taken, England will face a 5bn litre daily freshwater deficit
by 2055. Until longer-term supply-side options are available, an estimated 60% of the deficit
must be recovered through demand management. Government and industry are focusing
heavily on smart metering to reduce domestic consumption, but metering alone will not
eliminate the deficit. Behaviour change approaches are needed.

The UK water sector is keen to harness behavioural science to reduce domestic water use,
but has historically lacked the skills, knowledge and experience needed to systematically
develop, deliver and assess behaviour change initiatives. Customer-facing water efficiency
initiatives have tended to focus on providing information on the importance of saving water.
This approach prioritises motivation, which will not be effective if people lack the capability
or opportunity to change their daily water use activities.

Behaviour change initiatives are most likely to be successful when they are informed by
high-quality evidence regarding which specific behaviours to target and among whom, the
barriers to changing those behaviours, and the most suitable strategies for targeting those
barriers. Yet, such evidence is scarce.

In this project, we set out to identify key knowledge gaps within the water sector, and
thereby develop an agenda to guide water efficiency behaviour change research and
impact activity.

The aim of this project was to work with water sector stakeholders to co-create a list of key
unanswered questions. These questions reflect perceived gaps in knowledge that hinder
the development and implementation of evidence-based behaviour change solutions for
improving domestic water efficiency.

We worked with over 100 individuals from 60 organisations within the UK water sector to
identify behaviour change priorities.

Three sequential co-creation activities with UK water sector stakeholders were undertaken in
2024-25: an in-person workshop (Activity 1), a survey (Activity 2), and a webinar (Activity 3).



Activity 1: Workshop

Thirty-six people, representing 21 water sector organisations, attended an in-person
workshop at University of Surrey in October 2024. Small group and plenary discussions
were run to identify which water-use behaviours were of most interest, key questions
regarding domestic water-use behaviour change, and potential indicators of success
arising from behaviour change. Points raised in plenary discussions, and content of online
whiteboards, were analysed.

Activity 2: Survey

Forty-two people, representing at least 23 water sector organisations, completed an online
survey between October 2024 and January 2025. The survey recorded quantitative ratings
of the usefulness of targeting behaviour change activities identified through a preliminary
analysis of Activity 1 discussions.

Activity 3: Webinar

Seventy-five people, representing at least 49 water sector organisations, attended a
webinar hosted in April 2025, in which preliminary analyses of Activities 1 and 2 were
presented. Attendees were invited to share their views via live chat, online whiteboards, or
email.

Integration and development

Written inputs from Activities 1 and 3 were inductively thematically analysed, producing
a hierarchical structure with granular, ‘Specific Questions’ distilled into higher-order ‘Key
Questions’, which in turn were clustered into thematic ‘Areas of Uncertainty’. Survey data
from Activity 2 was descriptively analysed to quantify the prioritisation of questions.



Results

We constructed seven areas of uncertainty, capturing 24 key questions, which in turn
summarised 117 specific questions. Five themes focused on understanding and promoting
change among water consumers, and two themes targeted change within the water sector.

Areas of Uncertainty: Consumer-focused

Which behaviours should be targeted?

How do consumers perceive and use water?

How to navigate public acceptability?

How to develop optimal behaviour change solutions?

What contextual factors influence water use behaviour change?

Areas of Uncertainty: Sector-focused

How to build capacity and knowledge in the sector?
Is behaviour change a sufficient solution?

The perceived importance of behaviour change activities
The three behaviours deemed most important to target were:

reporting or fixing in-home leaks
showering
flushing toilets

Recommendations

We encourage stakeholders to use this agenda to shape future water efficiency behaviour
change research and action. Our recommendations are:

1. Water sector stakeholders should collaborate with behavioural scientists.

2. To develop more effective behaviour change strategies, water sector stakeholders
should seek to better understand how people use water.

3. Water efficiency interventions should focus on breaking habits.

4. The sector should engage in more knowledge exchange activities, to better share
existing insights.

5. The sector should recognise that behaviour change is only one of multiple
approaches to promoting water efficiency.

All documentation relating to this report is available at https://osf.io/6wn7y.

Work with us

The Surrey Water Efficiency ARC (Action, Research and Collaboration) Lab offers expertise
in technology-assisted behaviour change for water efficiency, and world-leading insights

into the psychology of real-world habit change. To work with us, contact Prof Benjamin
Gardner (benjamin.gardner@surrey.ac.uk). Find us online at www.waterefficiencyarc.co.uk.



https://osf.io/6wn7y
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1.
BACKGROUND

If no action is taken, England faces a 5bn litre daily freshwater deficit by 2055 [1]. UK
households rely solely on freshwater, and use an estimated 135-150 litres per person

daily [2-4]. Government and industry aim to cut this to 110L/person/day, with yet greater
reductions targeted in water-stressed areas [5, 6]. To secure resilient water resources for
England and Wales, the Environment Agency’s National Framework for Water Resources |[1]
proposes both supply-side solutions, such as building desalination plants, and demand-side
reduction. The Framework suggests that, until longer-term resource options are available,
60% of the projected deficit must be recovered through demand management.

UK demand-side reduction strategy is heavily focused on smart metering [/, 8], which
has been shown to reduce domestic consumption to 122L/person/day, compared to 171L/
person/day in non-metered households [3]. Yet, smart metering is projected to save only
450m litres by 2050 [9]. Substantial additional savings will need to come from changing
householders’ water consumption behaviours [10].

The UK water sector is keen to draw on behavioural science to reduce domestic water
use, but has historically lacked the skills, knowledge and experience needed to develop,
deliver and assess change [11]. Aside from Temporary Use Bans [‘hosepipe bans’) to
mandate reductions in consumption [12], sector-led non-metering behaviour change
solutions have tended to focus on providing information to householders around the
importance of water conservation, during periods of acute water scarcity [13]. Reliance
on messaging and awareness-raising assumes that consumers lack motivation to save
water, and that increasing understanding will enhance motivation. This is a reasonable
assumption, because people typically underestimate their water usage [14], and raising
awareness of true consumption can motivate change [15, 16]. Yet, motivated people may
still lack knowledge of where their household water is consumed, or how best to act to
reduce consumption. Such barriers will greatly limit the impact of increased motivation: if
consumers do not know how to save water, supporting them to want to save water will of
relatively little benefit.

To reduce domestic water consumption through behaviour change, the sector must draw
on behavioural science perspectives and principles. All behaviour change approaches have
the potential to be effective, but their success depends on their fit to the context.

Behaviour change initiatives are most likely to be successful when they have been informed
by a thorough assessment of which behaviours to target and among whom, which barriers
obstruct change, and which strategies are most suited to overcoming those barriers [17,

18]. Research evidence should be used throughout this process to ensure all intervention
development decisions are built on knowledge rather than intuition. Figure 1 shows the
systematic process through which behaviour change interventions should be developed.



Figure 1

A systematic approach to developing water efficiency behaviour change interventions
(Adapted from [17]18])
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Implementation

Documenting knowledge gaps in the water sector is crucial for developing water efficiency
initiatives. By articulating what we do not yet know, activity can be undertaken to fill those
knowledge gaps, and so provide the evidence needed to develop effective behaviour
change initiatives.

2.
AIM

The aim of this project was to co-create, with key stakeholders, an agenda to guide
domestic water efficiency research and impact activity.

Agenda-setting can identify knowledge gaps, so allows for the development of evidence to
support the design and implementation of new interventions and policy [19]. This agenda

is aimed at research and impact commissioners, industry and academia stakeholders, and
policy makers.
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3.
METHOD

To co-create the agenda, we hosted three sequential collaborative activities with UK water
sector stakeholders in 2024-25: an in-person workshop (Activity 1), a survey (Activity 2),
and a webinar (Activity 3). Activities 1 and 3 involved eliciting questions of importance to
stakeholders surrounding domestic water efficiency behaviour change, and Activity 2
focused on quantifying the prioritisation of emerging questions.

All partners were notified that their contributions would be incorporated into a published
document. Materials used in the three activities — including written accounts of partner
input, akin to ‘data’ — can be accessed at https://osf.io/6wn7y.




Table 1

Organisations and individuals involved

in co-creation activities

Organisation

type

Any activity

Activity 1:

In-person workshop

Activity 2:
Survey

Activity 3:
Webinar

Organisations | Individuals Organisations | Individuals Organisations | Individuals Organisations Individuals
Number (%) Number (%) Number (%) Number (%) Number (%) Number (%) Number (%) Number (%)
All individuals
(‘Confident’
non-academic
individuals only)
Total 60* 107-125* 21 36 23* 42 49* 75
(34)
Academic 10 (17%) In academic 4 (19%) In academic | 2 (9%) In academic 9 (18%) In academic
roles: 21 (17%) roles: 6 (17%) roles: 5 (12%) roles: 17 (23%)
In non- In non- (5; 15%) In non-
academic academic In non- academic
roles: 5 (4%) roles: 3 (8%) academic roles: roles: 3 (4%)
0
Charities 2 (3%) 3 (2%) - - 1(4%) 2 (5%) 1(2%) 1(1%)
Consultancies 10 (17%) 20 (16%) 4 (19%) 6 (17%) 2 (9%) 4 (10%) 8 (16%) 13 (17%)
(3; 9%)
Customer/ 1(2%) 2 (2%) - - 1(4%) 1(2%) 1(2%) 1(1%)
public (1; 3%)
representatives
Engineering 1(2%) 1(1%) - - - - 1(2%) 1(1%)
and design
Government 6 (10%) 11(9%) 1(5%) 1(3%) 1(4%) 3 (7%) 5 (10%) 7 (9%)
departments or (3; 9%)
agencies
Innovators 7 (12%) 8 (6%) 3 (14%) 3 (8%) 4 (17%) 4 (10%) 5 (10%) 5 (7%)
(4;12%)
Water-related 3 (5%) 1 (9%) 3 (14%) 9 (25%) 2 (9%) 6 (14%) - -
product (45 12%)
manufacturers
Market 1(2%) 2 (2%) - - 1(4%) 1(2%) 1(2%) 1(1%)
Operator (1, 3%)
NGOs 2 (3%) 3(2%) - - 1(4%) 1(2%) 2 (4%) 2 (3%)
1(3%)
Trade 1(2%) 2 (2%) 1(5%) 1(3%) 1(4%) 2 (5%) - -
association (2; 6%)
Utilities 4 (7%) 7 (6%) 1(5%) 1(3%) 1(4%) 2 (5%) 4 (8%) 6 (8%)
Water 10 (17%) 20 (16%) 4 (19%) 6 (17%) 5 (22%) 6 (14%) 10 (20%) 14 (19%)
companies (5; 15%)
(Regions, where (North East (North East (North East (North Ea_st (East England | (East England
reported) England =1, England England =1, England =1, =1, East =2, East
South England | =1, South South England | South England | Midlands = Midlands =
=1, South East | England =1, =1, South East | =1, South East 1, North East 1, North East
England =1, South East England = 2, England = England =1, England =1,
Wales =1) England =1, Wales =1) 2, Wales =1, South England | South England
Wales = 3) Unknown [not =1, West =1, West
confident] = 1) Midlands = Midlands =
1, South East 2, South East
England = 3, England = 4,
Scotland =1, Scotland = 2,
Wales =1) Wales =1)
Other 2 (3%) 3(2%) - - 1(4%) 1(2%) 2 (4%) 2 (3%)
(1; 3%)
Unknown /not | (Unknown) 6 (5%) - - (Unknown) 4 (10%) (Unknown) 2 (3%)
reported (4;12%)

(1]




NB: Authors BG and PPD hosted Activities 1 and 3 so are not represented in the table. Authors IW, JD, and SV took part in Activities 1 and
3 and are represented in the table. Author JB did not take part in any of the three co-creation activities, so is not represented in the table.

* Total number of organisations excludes an unknown number of unknown organisations, due to individuals not indicating the name of
their organisation.

** The stated total number of individuals across all activities may erroneously double-count 16 individuals who took part in Activity 2,
and two who took part in Activity 3, who did not provide an identifiable email address. The minimum total number of unique individuals
involved in at least one co-creation activity was 107, assuming all 18 identifiably took part in at least one other co-creation activity.
Percentages in this column relate to a total sample of 125 individuals.

*** Webinar partners included 74 individuals (across 48 organisations) who attended the webinar and one partner (from one new
organisation) who did not attend but provided post-webinar feedback on an online whiteboard.

We recruited stakeholders from our existing network, which expanded as emergent
results were shared. Co-creation partners included representatives of water companies,
academics, manufacturers of water-related products, government departments, consumer
organisations, charities and NGOs. As Table 1 shows, at least 107 different individuals,
representing more than 60 unique organisations, participated in one or more activities -
though the exact number is unknown due to anonymised responses in Activities 2 or 3. Of

the 107 individuals, 18 engaged in two activities, and five individuals took part in all three.

A one-day, in-person workshop was held at University of Surrey in October 2024. The aim
was to brainstorm priorities for UK domestic water efficiency behaviour change research
and action.

Co-creation partners

We recruited partners via direct emails to 51 people in our prior network of water
stakeholders, representing 40 unique organisations. Thirty-six people, representing 21
organisations, attended the workshop.

Activity structure

After we presented our ongoing showering and toilet-flushing behaviour change research,
attendees were split into seven pre-designed groups of 5-6 people, mixing representatives
from different types of organisations, for discussions.

Three rounds of group discussions focused on identifying the water-use behaviours of
most interest, key questions regarding domestic water-use behaviour change, and potential
indicators of success arising from behaviour change.

Co-creation input capture

Partner input was captured via notes made by BG during plenary discussions, and online
whiteboards used by each group during discussions. Authors BG, PPD, IW and JD convened
after the workshop to construct preliminary themes from these inputs.



An online survey was run between October 2024 to January 2025, to gather quantitative
ratings of the perceived importance and usefulness of possible behaviour change activities
arising from interim analyses of Activity 1.

Co-creation partners

We emailed the survey URL to the 51 people invited to the Activity 1 workshop, and
encouraged them to share it with colleagues. Survey respondents were asked to indicate
their organisation type. We did not require respondents to name their organisation, but we
invited them to provide their email address, from which we identified host organisations
where possible.

Forty-two people took part. At least 23 discrete organisations were represented, though the
organisations of four respondents could not be identified.

Activity structure

The survey centred on two questions. One focused on the perceived importance of
targeting 13 water-use behaviours identified in Activity 1

| ‘How important is it for UK domestic water conservation initiatives to target...: e.g., ‘..
using a dishwasher’, ‘..washing vehicles’ (very unimportant [1] — very important [7])

The second question focused on perceived usefulness of developing knowledge in 11
areas:

‘How useful would it be for your organisation to know more about...”; e.g., ‘...how, why
or when people take showers’, ‘..which behaviour change strategies are most or least
publicly acceptable’ (not at all useful [1] — extremely useful [6])

Respondents were asked to answer questions ‘based on [their] organisation’s priorities
around water use, rather than [their] personal views’, though academics were requested to
report personal views. Respondents completed a separate item reporting their confidence
in articulating organisational priorities:

‘How confident are you that you fully understand your organisation’s priorities around
water use?’ (very unconfident [1] — very confident [6])

Co-creation input capture

Survey responses were descriptively analysed to inform Activity 3. We excluded responses
from eight non-academics who were self-reportedly ‘slightly unconfident’, ‘unconfident’ or
‘very unconfident’ in understanding their organisation’s priorities. The remaining 34 people
were three academics and 31 non-academics who were ‘confident’ (15 people) or ‘very
confident’ (16 people) that they knew their organisation’s priorities.



A webinar was held in April 2025 to share results from Activities 1 and 2 and seek feedback
from additional stakeholders.

Co-creation partners

We recruited partners in two ways. First, we sent direct, personalised emails to those people
who engaged in Activities 1 or 2. Second, we published LinkedIn posts that advertised the
event as an opportunity to hear more about ‘priorities and challenges in water conservation
behaviour change’ and to ‘share views and help shape a comprehensive research and
impact agenda for water conservation’. Attendee information (organisation name and type)
was recorded during online registration.

Seventy-five people participated, of whom 74 attended the webinar and one provided post-
webinar comments on an online whiteboard. At least 49 organisations were represented,
though two respondents did not state their organisation.

Activity structure

The webinar comprised a presentation summarising our relevant research and priorities
emerging from Activities 1 and 2, followed by a live discussion.

Co-creation input capture

Partner input was captured using the Chat function during the webinar, and via email or an
online whiteboard up to one week after the webinar.

Comments requesting clarification, offering observations or questions about our research
(e.g., ‘how did you control for contamination in your studies?’), or seeking our opinions, were
removed prior to integration.

After all activities were completed, all input generated across Activities 1 and 3 was collated,
pooled and reviewed by author BG.

Developing a research and impact agenda (Activities 1 and 3)

Where necessary, qualitative inputs from these activities (e.g., statements, observations)
were reformulated as questions. These were organised into a hierarchical structure in which
granular questions (‘Specific Questions’) were distilled into higher-order questions (‘Key
Questions’), which in turn were clustered into themes (i.e., Areas of Uncertainty’; [20]).

We present a narrative overview of the areas of uncertainty and key questions, as
underlying topics of shared interest across the UK water sector. A comprehensive account
of the specific questions, key questions, and areas of uncertainty is available in Appendix 1.

Quantifying importance and usefulness of potential behaviour
change knowledge gains (Activity 2)
We descriptively analysed survey responses. Although the survey was undertaken prior to

finalising the agenda, we retrospectively mapped survey items to Key Questions from the
agenda.
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4.
RESULTS

We constructed seven Areas of Uncertainty, comprising 24 Key Questions (Table 2), which
in turn summarised 117 Specific Questions (see Appendix 1). Five Areas of Uncertainty
focused on understanding and promoting change among water consumers, and two
themes targeted change within the water sector.
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Table 2

Activities 1 and 3: Questions to guide water efficiency
behaviour change research and impact activity

Target

Targeting
consumers

Targeting the
water sector

Areas of
Uncertainty

Which
behaviours
should be
targeted?

How do
consumers
perceive and use
water?

How to
navigate public
acceptability?

How to develop
optimal
behavioural
solutions?

What contextual
factors influence
behaviour
change?

How to build
capacity and
knowledge in the
sector?

Is behaviour
change a
sufficient
solution?

Key questions

1. Which behaviours should be targeted, and why?
2. Whose behaviour should be targeted, and why?

3. How do consumers perceive water, and why?

4. How aware are consumers of their water use, and why?
5. How and why do consumers take showers?

6. How and why do consumers flush toilets?

7. Why do consumers (not) detect or address leaks?

8. How and why do consumers (not) engage with water efficiency
information?

9. How acceptable is the idea of water efficiency through behaviour
change among the public, and why?

10. How does the public perceive UK water efficiency stakeholders,
and how does this affect the acceptability of water efficiency?

11. How acceptable are water efficiency behaviour change initiatives
among the public, and why?

12. Which determinants of behaviour should be targeted?

13. What are the optimal behaviour change intervention approaches,
and why?

14. What are the optimal behaviour change solutions for specific water
use behaviours, and why?

15. How should effectiveness be defined?

16. When are consumers most receptive to water efficiency initiatives,
and why?

17. How and why do physical environmental factors determine
consumers’ receptiveness to water efficiency initiatives?

18. How and why do socio- and geo-demographic factors determine
consumers’ receptiveness to water efficiency initiatives?

19. How can we best embed behavioural science thinking into the
water sector?

20. How can we best capitalise on existing insights and expertise
within the water sector?

21. How and what can the water sector learn from other sectors and
settings?

22. How effective are water efficiency behaviour change initiatives,
and how effective could they be?

23. What other approaches could be used instead of, or alongside,
water efficiency behaviour change initiatives?

24. How can water companies best balance behaviour change against
other priorities?



Figure 2

Mapping Areas of Uncertainty to the
Intervention Development Process
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Understanding and promoting change among consumers

Area of Uncertainty 1: Which behaviours should be targeted?
This theme centred on defining which water efficiency behaviours to change, among whom,
and why.

A recurrent question was whether to prioritise behaviours according to potential impact or
ease of change (Key Question 1; KQ1). Further questions asked which behaviours are most
water- and energy-intensive, which are most costly or easiest to change, which changes
are most likely to be maintained, and how to avoid widening inequalities. Questions were
asked around whether targeting the behaviour of domestic water stakeholders other than
consumers — e.g., landlords, housing developers, housing providers — would be more
fruitful (KQ2).

Area of Uncertainty 2: How do consumers perceive and use water?
This theme focused on learning how consumers think about and use water.

Partners felt they knew little about how consumers perceive different types of water (e.g.,
clean water, rainwater, grey water), and their suitability for domestic water-use activities
(KQ3). Awareness was viewed as an important precursor of water conservation, yet partners
felt there was insufficient knowledge around consumers’ awareness and understanding,
and how to communicate water consumption meaningfully (KQ4).

Four specific water-use activities were of especial interest. Many questions were asked
about showering (KQ5), including why people shower, what they do when showering, what
prompts the end of a shower, and what determines an ‘optimal’ showering experience.
Toilet-flushing questions focused on how consumers understand and use dual-flush
buttons, and how to reduce flushing (KQ6). Partners also sought to understand whether
and why consumers recognise and fix leaks (KQ7), and whether and how consumers digest
and respond to water efficiency information (KQ8). For all four behaviours, questions were
posed regarding the potential influence of sociodemographics.

Area of Uncertainty 3: How to navigate public acceptability?
This theme centred on understanding public receptiveness to water efficiency behaviour
change initiatives.

Partners sought to understand how best to communicate about water efficiency behaviour
change to promote public buy-in (KQ9), and the extent to which a perceived lack of trust in
UK water companies might affect receptiveness to initiatives (KQ10). Questions were asked
about which organisations are viewed as most credible, trustworthy and persuasive when
delivering behaviour change guidance. Interest was expressed in gauging whether and
why the public would accept behaviour change initiatives such as alternative water pricing
models, water-efficient appliances, taking shorter or fewer showers, and flushing toilets less
often (KQ1M).



Area of Uncertainty 4: How to develop optimal behaviour change solutions?
This theme captured questions regarding which initiatives to deploy, and summarised the
greatest number of granular questions.

Several questions were raised regarding whether and how to increase water efficiency
motivation, and the utility of harnessing awareness, costs, emotions, social influences,
habits and decision-making as behaviour change mechanisms (KQ12). Partners wanted

to know whether an ‘optimal’ approach could be identified that would encourage water
efficiency across multiple water-use activities, and the effectiveness of specific strategies
including messaging, feedback, gamification, and design-based initiatives (KQ13). Questions
were also posed around how best to modify core behaviours of interest, including reducing
showering, fixing leaks, and engaging with water efficiency messages (KQ14).

There was uncertainty around what should constitute ‘successful’ water efficiency behaviour
change, such as whether water consumption should be the sole outcome or whether
adjacent outcomes (e.g., carbon savings) should be viewed as outcomes of interest, and the
importance of short-term versus long-term effectiveness (KQ15).

Area of Uncertainty 5: What contextual factors influence water use
behaviour change?

This theme centred on potential contextual factors determining consumers’ receptiveness
to water efficiency behaviour change initiatives. These included questions around ‘windows
of opportunity’ during which consumers may be most open to behaviour change (KQ16), and
factors that may shape the effectiveness of initiatives, such as environmental, geographical
and structural factors (KQ17), and demographics such as age and culture (KQ18).

Understanding and promoting change among the water sector

Area of Uncertainty 6: How to build capacity and knowledge in the sector?
This theme focused on supporting the sector to develop the skills, knowledge and expertise
needed to design and evaluate optimally effective behaviour change initiatives.

Partners wanted to know how best to ensure the sector adopts behavioural science
thinking (KQ19) and shares existing knowledge and expertise (KQ20). Questions were raised
regarding how to learn from experiences and initiatives in other settings (e.g., non-domestic
settings, water scarce countries), and how to ensure knowledge exchange with other
sectors (e.g., the energy sector) (KQ21).

Area of Uncertainty 7: Is behaviour change a sufficient solution?
This theme captured uncertainty around the effectiveness and sufficiency of a behaviour
change approach to water efficiency.

Partners sought to understand the maximum potential effectiveness of behaviour change
initiatives relative to non-behavioural solutions (KQ22). Questions were also asked around
whether a systems-based approach, focusing on a broader range of initiatives and
stakeholders surrounding water efficiency (e.g., policy change), might be more beneficial, or
might heighten the effectiveness of behaviour change initiatives — and if so, how to support
the sector to adopt systems thinking (KQ23). There was also uncertainty around how best
to reconcile behaviour change with potentially competing priorities, such as maximising

revenue, minimising sector costs, and minimising water inequality (KQ24).



Importance and usefulness of potential behaviour change activities

Data from Activity 2 showed that the three behaviours deemed most important were
reporting or fixing in-home leaks, showering and flushing toilets. Four of the six behaviours
rated most important were bathroom-based (i.e., showering, flushing toilets, taking baths,
using the bathroom sink).

The three behaviours deemed of least importance were washing vehicles, brushing teeth,
and preparing food, though the former two had an above-midpoint score, indicating that

respondents deemed them important overall.

Table 3

Activity 2: Water sector perceptions
of the importance of behaviours
(corresponds to Key Question 1)

“How important is it for UK Number of responses | Mean Standard deviation
domestic water conservation (1= very unimportant,
initiatives to target...” 7 = very important)

Reporting or fixing 34 4.85 116
in-home leaks

Showering 34 4.82 119
Flushing toilets 33 4.64 119
Gardening 33 4.58 1.39
Taking baths 33 458 1.00
Using bathroom sink 33 4.27 1.07
Washing dishes by hand 34 4.26 1M
Washing clothes 33 418 119
Using a dishwasher 33 418 1.01
Using kitchen sink 33 415 1.20
Washing vehicles 33 4.09 1.21
Brushing teeth 33 4.03 1.33

Preparing food 34 374 1.21



As Table 4 shows, all 11 potential knowledge gains were perceived to be useful, scoring
above the midpoint (3.5) on the 1-6 scale, where 6 indicated highest usefulness. The three
knowledge gains deemed most useful centred on understanding which behaviours to
target to maximise impact (KQ1), which behaviour change strategies would be most or least
acceptable (KQ11), and what makes an effective motivational water conservation message
(RQ13). The three knowledge gains rated least useful focused on understanding how to
ensure equality when changing behaviour (KQ24), and motivations underlying showering
(KQ5) and flushing toilets (KQ6).

Table 4

Activity 2: Perceived usefulness
of potential behaviour change activities
(from 29 responses)

“How useful would it be for your organisation = Corresponding Mean Standard
to know more about...” Key Question(s) (1=not at all deviation
useful,
6 = extremely
useful)
Which behaviours to target to most effectively KQ1 5.55 0.78
reduce domestic water consumption
Which behaviour change strategies are most or | KQ1 5.34 0.86
least publicly acceptable
What makes an effective message for KQ13 5.31 0.89
motivating people to save water
How to maintain water conservation behaviours  KQ1, KQ15 5.24 115
over time
To what extent can water conservation be KQ22 5.24 1.02
encouraged through voluntary behaviour
change
To what extent can water conservation be KQ13, KQ22 5.21 0.98

encouraged through design or changing
environments

How to contribute to behaviour change KQ24 514 1.09
initiatives while also achieving organisations’
other priorities

How best to communicate importance of saving KQ13 5.03 1.09
water to water users

How to ensure social justice or equality when KQ24 4.48 1.30
attempting to change behaviour

How, why or when people take showers KQ5 4.31 1.65
How, why or when people flush toilets KQ6 4.31 1.65

* Of 34 respondents, five did not complete this set of questions.






S.
REFLECTIONS AND
RECOMMENDATIONS

Working with over 100 individuals from over 60 organisations in the water sector, we
identified five Areas of Uncertainty relating to understanding and promoting acceptable
changes to consumers’ domestic water consumption, and two Areas of Uncertainty focused
on whether and how the sector might best adopt a behaviour change approach. Survey
data established that bathroom-based behaviours were of highest priority for change, and
that the knowledge gains deemed most useful focused on understanding which behaviours
to target and how to change them.

Recommendation 1: Collaborate with behavioural scientists.
Water sector stakeholders should collaborate with behavioural scientists to
address key knowledge gaps.

Partnering with behavioural scientists will enhance the range of theory- and evidence-
based tools to address these questions, and improve the sector’s understanding of
water use and choice of theory- and evidence-based behaviour change tools.

Showering and flushing toilets were deemed high-priority behaviour change targets, yet
co-design partners placed relatively little value on understanding showering or flushing
toilets. Interest in these behaviours is unsurprising; showering is one of the most water-
and energy-intensive in-home activities, consuming 15 litres per minute on average [2],
and toilets use around 25% of all UK household drinking water [21]. However, the lack

of prioritisation of understanding these behaviours is unexpected from a behavioural
science perspective. Intervention development frameworks propose that understanding
why a behaviour occurs and in which context is key for developing effective methods to
change that behaviour [17, 18]. Conversely, the knowledge gains that partners rated as
most potentially useful tended to focus on identifying what makes for the most effective
intervention, which assumes a ‘one size fits all’ initiative that is uniformly effective in
reducing domestic water consumption. This assumption overlooks the complex motivations
and values that shape how water is used, by whom, why, and in what settings, which in
turn will inform the acceptability and feasibility of domestic water efficiency initiatives. For
example, people take showers and baths not only for cleanliness and hygiene, but also as
‘me-time’ [22]. Different messages may be needed to tackle showering for hygiene versus
for restorative purposes. Recognising why people use water will aid development of value-
congruent water efficiency initiatives deemed acceptable by consumers.



Recommendation 2: Understand behaviour before trying to
change behaviour. To develop more effective behaviour change
strategies, the water sector should prioritise understanding the motives,
values and meanings underpinning water use in everyday routines, and
contextual factors that frame these behaviours.

Understanding household water use will require a move beyond self-report data,
especially for bathroom behaviours, which may be especially prone to social
desirability biases . Smart technology can generate reliable data on bathroom
water use; smart sensors can detect shower duration from temperature, humidity,
sound and movement, and pipe and sink sensors can deliver time-stamped water flow
data

Several questions were raised around how to enhance the effectiveness of behavioural
strategies such as messaging, feedback provision, and gamification. These strategies are
notable because they seek to motivate people. While such interventions can be effective

, many water use activities are performed repetitively and with little conscious thought;
that is, habitually . Habitual actions can persist even when people are motivated to
stop doing them, because everyday stressors, distractions or fatigue often prevent people
from actively monitoring and adjusting behaviour done without thinking . Habitual
behaviours are not reliably disrupted by educating consumers about the advantages of
water efficiency . Notably few questions were raised about the importance of habit for
water efficiency behaviour change; this may reflect a broader human tendency to overlook
the role of automaticity in everyday action

Recommendation 3: Use habit-breaking strategies. We
recommend the water sector makes more use of techniques to disrupt
automatic [‘habitual’) water activities, such as the provision of salient
stimuli to raise in-the-moment awareness (e.g., shower timer feedback;
[26]).

Partners raised questions around whether there may be particularly opportune
moments for intervention. Habit theory predicts that delivering water efficiency support
during or immediately following important context changes, such as when people refit
their kitchens or bathrooms, will be most effective . In such instances, water use
habits performed in old contexts may be disrupted, such that water activities become
less habitual and more consciously driven. Context changes can offer a ‘window of
opportunity’ during which people are more receptive to behaviour change guidance,
before they settle into new patterns

Workshop and webinar discussions suggested that many water companies had already
undertaken work that could potentially address many of the key questions raised around
effective water efficiency behaviour change. Yet, few had shared findings with others,
reportedly due to commercial sensitivity. Similarly, existing academic research could help
to plug perceived knowledge gaps in the sector, such as reviews highlighting the most
effective information-based motivational messaging strategies , and the comparative
water savings typically obtained through different demand management strategies



Considerable progress towards addressing our agenda could be made, at relatively little
cost, by developing policies, incentives and structures to facilitate knowledge exchange.
The existential nature of the water scarcity crisis demands urgent work to encourage
sharing data and knowledge within commercial constraints. Behavioural science tools are
available that provide standardised terminology that can describe interventions in relatively
abstract terms, and so facilitate consolidation of knowledge without sharing sensitive details

[38].

Recommendation 4: More knowledge exchange. The water sector
should boost its knowledge-sharing activity.

The sector already holds insights into many of the questions raised in this agenda, but
fails to share this knowledge. Policymakers should incentivise knowledge exchange
within the sector. Behavioural scientists can advise on how best to communicate and
learn from behaviour change insights.

In keeping with current priorities in the UK water sector [1], our agenda prioritises
behavioural approaches to water efficiency. Individual-level behaviour change approaches
have been criticised for detracting from upstream, systemic solutions, such as developing
policy and technology to encourage water-saving with minimal consumer burden [39]. Some
behavioural scientists conceive of policy change as the outcome of behaviour change
among policymakers [17], but this downplays the need for systems-based thinking. From a
system perspective, water-use activities must be understood as one component within a
complex and interrelated system of behaviours, actors, and surrounding social structures.
Individual-level behaviour change is one of many water efficiency tools.

Recommendation 5: Recognise that behaviour change is one of
several approaches. Individual-level behaviour change must be seen as
only one tool within the broader water efficiency toolbox.

Other, potentially complementary approaches, such as structural changes or

technological developments, may be more feasible to implement, or otherwise have
greater impact on water consumption, than individual-level strategies such as ‘nudging’.



XA
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6.
CONCLUSION

Our agenda represents a collaborative attempt to identify knowledge barriers that the water
sector believes impedes progress in domestic water efficiency behaviour change. The agenda
may hot be comprehensive, and many depicted knowledge gaps could potentially already

be plugged through better sharing of existing knowledge in the sector and the academic
literature. Nonetheless, we encourage water sector stakeholders to use this agenda to

shape future research and impact activity, with a particular emphasis on better understanding
behaviours, selecting the most appropriate tools to change behaviours according to their
determinants, and sharing existing knowledge more openly with the sector.
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TARGETING CONSUMERS

Areas of Key Questions Specific Questions
Uncertainty
Which 1. - Should we prioritise changing behaviours with most impact
behaviours Which behaviours on water consumption, or behaviours that can most feasibly
should be should be targeted, and be changed?
targeted? why? - Which behaviours consume most water?
- Which behaviours consume most energy?
- Which behaviours are most costly to change?
- Which behaviours are easiest to change?
- Which behaviour changes are most likely to be maintained?
- Which behaviours can be changed in the most socially
equitable way?
2. - Should we target high-consumption users or others?
Whose behaviour should . g6 we target end-users or others?
be targeted, and why? . .
- Should we target attitude and behaviour change among
children, as consumers of the future?
How do 3. - How water-literate are consumers?
consumers How do consumers . Do consumers value water?
perceive and perceive water, and - How do consumers perceive clean water vs grey water vs
use water? why?

rainwater vs wastewater?

- How do consumers perceive the suitability of grey water and

rainwater for water activities, and why?

4.

How aware are
consumers of their water
use, and why?

- Do consumers know how much water they use through

everyday domestic activities?

- How can we communicate water consumption to consumers

in a meaningful way?

5.

How and why do
consumers have
showers?

- Why do consumers take showers?

- How do consumers use showers and showerheads?
- What are the main tasks undertaken in the shower?
- What prompts consumers to finish showering?

- What makes for an optimum showering episode for

consumers?

- Do consumers accurately perceive their shower time?
- Does showering behaviour vary across socio-demographics

(e.g., age) and by health status, and if so, how and why?

- Does culture influence showering, and if so, how and why?

6.
How and why do
consumers flush toilets?

- How do consumers understand and use dual-flush systems?
- How many toilet flushes could be prevented, and why?
- Does toilet-flushing behaviour vary across socio-demographic

groups (e.g., age) and health status, and if so, why?

- Does culture influence toilet-flushing behaviour, and if so, how

and why?

[30]



How to
navigate public
acceptability?

How to
develop
optimal
behavioural
solutions?

7.
Why do consumers (not)
detect or address leaks?

8.

How and why do
consumers (not) engage
with water efficiency
information?

9.

How acceptable is the
idea of water efficiency
through behaviour
change among the
public, and why?

10.

How does the public
perceive UK water
efficiency stakeholders,
and how does this affect
the acceptability of
water efficiency?

M.

How acceptable are
water efficiency
behaviour change
initiatives among the
public, and why?

12.

Which determinants of
behaviour should be
targeted?

- What prompts consumers to detect and address toilet leaks,

and why?

- Does detecting or addressing leaks vary across socio- and

geo-demographic groups, and if so, how and why?

- What prompts consumers to engage with communications

(e.g., open emails, read messages) regarding water efficiency?

- Does engaging with communications regarding water

efficiency vary across socio- and geo-demographic groups,
and if so, how and why?

- How can water efficiency behaviour change initiatives be

communicated to the public in the most acceptable way?

- How can we ensure the public buys in to the idea of water

efficiency through behaviour change?

To what extent does distrust of UK water companies influence
consumers’ willingness to save water?

Can distrust of UK water companies be overcome, and if so,
how?

Can we challenge perceptions that water companies are to
blame for water scarcity, and if so, how?

Are customers of nationalised water companies more willing
to save water than customers of privatised water companies,
and if so, why?

Which stakeholders/organisations would the public view as
most credible and trustworthy if they were to deliver water
efficiency messages, and why?

How acceptable or unacceptable are different water pricing
models/tariffs, and why?

How acceptable or unacceptable is a water use cap, and
why?

How acceptable or unacceptable is showering at a lower
temperature, or for less time, and why?

How acceptable or unacceptable is showering less often?
Are consumers willing to move from water-intensive
showers to lower-water showers, and why?

How acceptable or unacceptable is not flushing the toilet,
and why?

How acceptable or unacceptable are water-efficient
appliances that compromise user experience, and why?

Awareness of water efficiency

How can we best build awareness of water scarcity and the
need for water efficiency?

What is the best metric to depict and explain water scarcity
and the need for water efficiency?

What makes an effective water efficiency message?



13.

What are the optimal
behaviour change
intervention approaches,
and why?

General motivation

How can we motivate consumers to voluntarily save water?

How can we motivate non-end-users (e.g., landlords) to save
water in the absence of personal benefits?

How can we motivate consumers to voluntarily adopt
technology to enable water efficiency?

How can we motivate consumers who do not want to use
technology-based solutions to save water?

Cost

How important is cost as a motivator for water efficiency
behaviour change?

Can we incentivise water efficiency despite the low financial
cost of water to the consumer, and if so, how?

How can we promote behaviour change at minimal financial
cost to the consumer?

Emotions

What are the emotional triggers that prompt engagement in
water-efficient behaviours?

Social influences

Can we create or harness social norms to drive consumers to
save water, and if so, how?

Habits

Can we break ingrained water-use habits, and if so, how?
Decision-making

How do heuristics and biases affect consumers’ willingness to
reduce water use?

Generic solutions

Is there a ‘best strategy’ for encouraging consumers to
change their behaviour, and if so, what is it?

Can we encourage consumers to change their behaviour
without using messaging, and if so, how?

Messaging solutions

What makes an effective water efficiency behaviour change
message, and why?

How can water efficiency messages best communicate the
benefits of using less water?

Feedback-based solutions

What is the most meaningful data to feed back to consumers
to ensure they recognise and understand their water
consumption, and why?

Should feedback be based on water savings, energy savings,
money savings, or some other outcome, and why?

Gamification solutions

How effective would a water efficiency gamification approach
be, and why?

If gamification were used, at what point within a water use
event should it be deployed, and why?



What contextual
factors
influence
behaviour
change?

14.

What are the optimal
behaviour change
solutions for specific
water use behaviours,
and why?

15.

How should
effectiveness be
defined?

16.

When are consumers
most receptive to water
efficiency initiatives, and
why?

Design solutions

Would making ‘eco’ settings the default on appliances reduce
water (and energy) consumption?

How do consumers interpret ‘eco’ settings on appliances, and
why?

How can we better communicate the meaning and benefits of
‘eco’ settings on water-use machines?

Showering solutions

To achieve most leverage over showering water use, should
we target consumers who take longer showers, or those who
wait for the shower to warm up?

Where are the opportunities for behaviour change within a
showering episode?

What are the main barriers to consumers turning off showers
midway through?

Leak-focused solutions

How should we encourage consumers to check for and
address leaks, and why?

Which behaviours should we target to prevent leaks?

Water efficiency message engagement solutions

Can we motivate consumers to engage with data from a
water meter, and if so, how?

How should we measure behaviour change?

Can the effectiveness of behaviour change initiatives be
sustained over time, and if so, which initiatives, how and why?

Should an initiative that has only short-term benefits be
deemed effective?

Should effectiveness be based on water consumption only, or
on related outcomes (e.g., carbon emissions)?

How should we measure impact beyond behaviour change?

Does increased water efficiency in domestic settings spillover
to non-domestic settings?

Are consumers more receptive to water efficiency initiatives
following life transitions, and why?

Are consumers more receptive to water efficiency initiatives
after moving on to a water meter, and why?

Which moments of change shape receptiveness to water
efficiency initiatives, and why?

Around which moment(s) of change are consumers most
receptive to water efficiency initiatives, and why?

Are consumers more receptive to water efficiency initiatives
in certain seasons, and if so, why?



17.

How and why do
physical environmental
factors determine
consumers’
receptiveness to water
efficiency initiatives?

Geographical

Are consumers less receptive to water efficiency initiatives
when they perceive greater water availability (e.g., from
rainfall, living in wetter areas, importing water from other
areas), and if so, why?

Do consumers in different regions respond differently to
water efficiency initiatives, and if so, why?

Structural and related

Are consumers more receptive to water efficiency initiatives
when they are on a water meter or rateable value tariffs, and
if so, why?

Are water efficiency initiatives more or less effective in certain
housing stock, and if so, why?

18.

How and why do socio-
and geo-demographic
factors determine
consumers’
receptiveness to water
efficiency initiatives?

Are consumers from certain socio- and geo-demographic
groups (e.g., age) more receptive to water efficiency
initiatives, and if so, why?

Does culture affect receptiveness to water efficiency
initiatives, and if so, how and why?

TARGETING THE WATER SECTOR

Areas of

Uncertainty

Key Questions

Specific Questions

How to build
capacity and
knowledge in
the sector?

19.

How can we best embed
behavioural science
thinking into the water
sector?

How can the sector best be supported to adopt a behavioural
science perspective on water efficiency?

How can water companies be encouraged to engage in more
behaviour change experimentation, testing and
implementation?

20.

How can we best
capitalise on existing
insights and expertise
within the water sector?

How can we best facilitate exchange of existing knowledge
(e.g., from relevant research and impact activity) among water
sector stakeholders?

How should water stakeholders work together in the most
mutually beneficial way?

21.

How and what can the
water sector learn from
other sectors and
settings?

How and what can we learn from people who are highly
effective at minimising water use?

How and what can we learn from water efficiency
experiences in non-domestic settings?

How and what can we learn from other, water-scarce
countries?

How and what can we learn from the energy sector?

How can we ensure cross-pollination of behaviour change
ideas between the water and energy sectors?

[34]



Is behaviour
change a
sufficient
solution?

22.

How effective are water
efficiency behaviour
change initiatives, and
how effective could they
be?

23.

What other approaches
could be used instead
of, or alongside, water
efficiency behaviour
change initiatives?

24.

How can water
companies best balance
behaviour change
against other priorities?

Is behaviour change the best approach to promoting water
efficiency?
How effective are behaviour change initiatives?

Is there an upper limit to the effectiveness of behaviour
change initiatives?

Is mandatory regulation required to encourage water
efficiency behaviour change?

Would a systems-based approach be more beneficial than
focusing on behaviour change?

How can a behaviour change approach be reconciled with a
systems-based approach?

How can the sector best be supported to adopt a systems-
based perspective on water efficiency?

If a systems-based approach were adopted, who would be
responsible for systems-based change?

How can water companies promote behaviour change
without increasing cost or decreasing revenue?

Is the assumption that behaviour change may compromise
revenue justified?

Would water companies be more or less willing to prioritise
water efficiency if volumetric tariffs were adopted (instead of
fixed charges)?

Who should bear the financial costs of delivering behaviour
change initiatives?

How to promote behaviour change without compromising
customer experience/feedback scores?

Can water efficiency behaviour change be successfully
promoted without increasing social inequalities, and if so,
how?








