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e High water and energy use in remote Indigenous communities is unsustainable
e Smart meters and social surveys were used to elicit baseline water use data
e Outdoor use associated with health, washing, cleaning were key drivers

e Community engagement is an essential water demand management approach
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Abstract

Managing water demand in many remote Indigenous communities is critical yet often poorly
implemented due in part to a lack of understanding of the volume and nature of water use. A
combination of quantitative and qualitative data has enabled a deeper understanding of water
consumption patterns and drivers in three remote Australian communities as part of Stage 1 of the
Remote and Isolated Communities Essential Services (RICES) project. Total daily per person use
averaged from 270 L/p/d to over 1,500 L/p/d and outdoor water use activities comprised up to 86% of
total residential water consumed. Structured interviews with participants identified five main drivers
for outdoor water use of which some are traditionally the role of local government service provision
(e.g. dust control) and all are closely linked to day to day functioning (e.g. cleaning food, heat
suppression). Traditional demand management strategies such as pricing and voluntary water
restrictions are not appropriate, nor is a reliance on improving local government service provision, due
partly to the resource challenges in remote communities. Community-based engagement, with local
government involvement, has been identified as a more suitable approach and will be tested in later

stages of the RICES project.
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1. Introduction

Adequate, safe and reliable supply of water and energy is intimately linked to Indigenous health and
social well-being (Mohtar and Lawford, 2016; Burgess et al. 2013; Garnett et al 2009). There is a poor
understanding, however of the barriers and opportunities toward improving essential service provision
for Indigenous communities such as the First Peoples in North America and Aboriginal and Torres
Strait Island people in Australia (Barber and Jackson 2017, Santo Domingo 2017, Garnett et al 2009,
Bailie and Wayte 2006).

In Australia, over half of Indigenous Australians live in outer regional and remote communities both on
the mainland and coastal islands (ABS 2016). A vast majority of these non-urban communities are
located in deserts or tropical climates, requiring higher water and energy consumption and greater
maintenance requirements for infrastructure (Beal et al 2014; Ross et al 2014; Yuen et al 2001). Water
supply choice in these regions is typically seasonally unreliable leading to a restricted daily water supply
(e.g. water may be turned off several times a day), however many Indigenous communities have very
high (>700 litres) per capita water consumption (Beal et al 2016, 2014; Yuen, 2005, Pearce et al 2005).
Furthermore, energy intensive water supply systems are usually used to supply their community needs,
for example many Torres Strait Island communities rely on energy intensive desalinated water systems
which are powered by diesel generators, (Richards and Schéfer 2003). This reliance on high energy
systems, combined with typically high water use, is putting increasingly significant economic and
environmental pressure on these low socio-economic communities as well as local, state and federal

service agencies.

A significant challenge for supplying water and energy to remote and isolated communities is the
necessary subsidies from state government for covering the shortfall between the cost and revenue for
providing these services. Given that there are hundreds of off-grid communities relying on diesel
powered water supply in Australia, the focus on water demand management as a tool to improve water
and energy use efficiencies in Indigenous communities is warranted and would greatly assist in reducing

the shortfall between cost and revenue to supply these essential services.

This article presents findings from the Remote and Isolated Communities Essential Service (RICES)
project recently undertaken in northern Australia. The RICES project is a three year research effort
aimed at gathering baseline evidence and subsequently identifying sustainable strategies to reduce
energy and water consumption in remote Aboriginal and Torres Strait Island communities. Fig. 1
presents a high level representation of the objectives and methods for each stage of the RICES project.
See Beal et al. (2016) for more detailed information on the RICES project. Stage 1 of the research has

been completed where 51 households in three remote Aboriginal and Torres Strait Island communities
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in Queensland and Northern Territory were monitored for water (total and hot water) and energy (total

and hot water system).

Although the RICES project examines both water and energy demand, this paper’s scope is focussed
on the baseline water consumption patterns and identifying the end-use drivers of water consumption.
This baseline information will refine the objectives of the two subsequent stages of the RICES project
(see Fig. 1). Future publications will focus on the methods and results pertaining to stages 2 and 3 of
the RICES project, which have recently commenced. The aim of this paper is to present and analyse
results from the Stage 1 water use component of the RICES project; that is (i) present the baseline water
consumption profiles for the remote communities in the study, (ii) identify high water end-uses and
their drivers, and (iii) determine key considerations for a participatory-based water demand

management approach based on insights from (i) and (ii).

This article will firstly provide an overview of previous studies of water use patterns and drivers in
remote Indigenous communities before describing in detail the methods used to measure and determine
water use patterns, behaviours and activities in the participating communities in Section 3. The results,
along with a general discussion will be presented in Section 4. Section 5 will then identify the main
drivers of high water use and provide a discussion on the roles of local government and community in
managing this demand. The paper will conclude with the overall implications of the research findings
on the second Stage of the RICES research (developing and implementing a participatory-based demand

management strategy in remote Indigenous communities).
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Fig. 1. Overview of objectives and methods for the RICES project

2. Water consumption in remote Australian communities

While there is a reasonably good depth of literature on Australian Indigenous water rights (Tan and
Jackson, 2013, Jackson and Altman 2009, Toussaint et al 2008) and Indigenous engagement in water
planning and policy (Jackson et al 2012, Willis et al 2008) there is less understanding on actual
residential water consumption patterns, activities and drivers. There is agreement between researchers
that have explored this topic that water use is typically high and water literacy amongst Aboriginal and
Torres Strait Island people (from a western, built environment perspective) is low (Beal et al. 2014,

Ross et al 2014, Pearce et al 2005).

In their assessment of willingness to pay for water in five South Australian Aboriginal communities,
Pearce et al (2005) reported a range of estimated water use data ranging from around 450 to over 830
litres per person per day (L/p/d). They also recounted a common theme among local community
attitudes toward water wastage, where children (being wasteful) and leaking pipes were considered the

main contributors to high water use. Using a combination of modelling, interviews and metering, Yuen
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(2005) identified some common cultural themes and technical drivers that characterised water use in
remote Indigenous communities. Similarly, Ross et al (2014) used a mixed methodology of meters and
interviews to measure and assess the pattern of water use in a Northern Territory community where
ageing infrastructure and poor maintenance were found to be key drivers of high water demand. Using
high resolution smart meters, household stock surveys and face to face engagement, Beal et al (2014)
highlighted the disproportionately large volume of outdoor water used in a remote Aboriginal
community in far north Queensland. In 2016, Beal et al. using smart-meter enabled, empirically-based
modelling techniques, demonstrated that an average reduction of 35% in water demand was achievable
and can translate to a savings of around 47kL of diesel per year, leading to a monetary savings of up to

$AUD 20,000 per year for diesel and operating costs on only one island community alone.

Despite these previous studies mentioned, more knowledge of the detailed water and energy end-use
demand patterns of residents is required to fully understand the drivers behind water use behaviours
and attitudes and hence manage those drivers more strategically. This knowledge gap, including the
need for more in-depth community-driven insights into water and energy attitudes and behaviours, has

prompted the current research reported herein.

2. Methods

2.1. The communities

2.1.1 Community selection and project offer

Three communities in northern Australia are participating in the RICES project and are located in
Queensland (QLD) and the Northern Territory (NT) (Fig 2.). The communities were selected based on
a range of geographical, technical and social/cultural criteria. Firstly, the communities needed to be
representative of the inherent economic, geographical and environmental challenges of delivering
reliable water and power supplies to remote and isolated towns. Secondly, the communities needed to
have adequate and reliable telecommunication capabilities in order for the digital meters and loggers to
remotely transfer large volumes of data efficiently and securely. Thirdly, and perhaps most importantly,
there needed to be a strong existing platform of mutual trust and understanding between the community
members and the project industry partners (including Traditional Owners, local council and community
representatives) in order for the research team to further develop relationships and in-depth community
engagement during the life of the project. Following early communication and project offer discussions
with the key community members, councils and stakeholders in several communities in QLD and NT,
three towns were selected based on the early indications of interest and seeing mutual benefit in

participating. The project methods; including participant recruitment, survey methodology and
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implementation, and data generation, storage and management, has been reviewed by the Griffith

University Indigenous Research Unit and cleared by the Human Ethics office (GU Ref No:

ENG/15/14/HREC). As part of this ethics approval, each community will remain unidentified.
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190  2.1.2 Overview of communities
191  Table 1 Summary of population, water and energy supply characteristics for project communities
Cl C2 C3 Comments / sources
Population profile
Population 254 269 444 From ABS (2016).
Approx. no. of C1 and C2 have a new housing
pprox. no. 58 71 70 project that will see a 10-25%
households . .
increase, respectively.
RICES Project 0 0 0
- Households! 22 (38%) 17 (24%) 12 (17%)
- Adults 72 38 39
From participant surveys.
- Children? 49 20 20
Average househol;i 53 34 53
occupancy
Governance
arrangements
Indigenous Indigenous shire Non-indigenous | The only council based within
Local government . . . . . o
regional council council regional council | community is in C2
Federal re.g1onal Local authority | There are various Elder, men’s
authority, . . . ,
.. . Prescribed Bodies committee, women’s, health, arts and
Other organisations Prescribed . L
Bodies Corporate, Central L.and sporting groups within each
Council community.
Corporate
Water supply and
treatment
Desalination plant Y N N
C1 supplements original surface
Y — seasonal . L
Surface water supply onl N N water supply with desalination
y plant throughout the year.
Desalination Sand filters and Advgnced C3 has a new tre.atment system
Water treatment . L filtration and due to poor quality
and chlorination chlorination o
chlorination groundwater.
Access to supply Intermittent Continuous Continuous cl 1 imited to 9 hours a day
during dry season week days.
Wastewater BI'OIOgICEll On-site septic Anaerobic settling Clhasa new treatment system
treatment aeration and UV svstems onds after septic systems were
disinfection Y p thought to contaminate aquifer.
Non-residential Non-residential Non-residential | All communities do not pay for
Water rates . . .
only only only residential water consumption.
192 Notes: ! in parentheses is the percentage (%) of total Aboriginal and Torres Strait Island households in community; 2 children are
193 categorised as <18 years old at the time of the survey; 3 at the time of survey but liable to change throughout the year.
194
195  The key characteristics for each of the communities are provided in Table 1. Community 1 (C1) is a
196  tropical island community located in the Torres Strait Island group in the Coral Sea, Far North QLD
197  (Fig 2. inset). Community 2 (C2) is a remote, off-grid tropical coastal town on mainland Qld and
198  Community 3 (C3) is situated in the Central Australian arid (desert) zone.
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Data on the number of participating households for each of community are also presented in Table 1.
Overall, given the acknowledged challenges inherent in recruiting remote and isolated Aboriginal and
Torres Strait Island households (Jamieson et al. 2012; Jones et al 2008), and due to the small
populations, the participating household sample size was statistically solid, representing between 17 to
38% of total Aboriginal and/or Torres Strait Island households in each community (Table 1). In terms
of family composition, age, gender balance, and household stock, the participating households were
generally representative of each community when comparing numbers from previous studies of

Aboriginal and Torres Strait Island households (Beal et al. 2014, Ross et al 2014; Yuen 2005).

2.1.3 Household recruitment process

Options for recruiting participants was firstly discussed with the council representatives, Indigenous
Liaison Officers (ILO), Elders, Prescribed Bodies Corporate (PBC) and community representatives.
The recruitment approach differed for each community based on the advice received during the initial
site visit for each community. In C1, the research team were initially invited to attend a community
workshop which included a short talk by the RICES team leader to the workshop participants about the
RICES project. Further recruitment occurred during the follow up visit a month later where word of
mouth, council encouragement and opportunistic recruitment secured 23 households. For C2, the
recruitment was initially carried out largely by officers within the Aboriginal Shire Council and
subsequent visits sought to confirm the participant’s willingness through door to door introductions and
informed consent signatures. For C3, door to door verbal invitations occurred during the first visit with

the team being assisted by the local ILO and industry partner essential services officer.

2.2. Water use measurement and end-use analysis

Previous research has shown the high value of using a socio-technical (mixed method) approach to
understanding the patterns and drivers of water and energy consumption (March et al. 2017; Liu et al
2016; Britton et al 2013; Gato-Trinidad 2011) including, although to a lesser extent, in Aboriginal and
Torres Strait Island households (Ross et al 2014; Beal et al. 2014; Yuen, 2005). Therefore, a triangulated
approach was used in the RICES project to build up a profile of water (and energy) consumption in
each community. Firstly, desktop analysis was undertaken using existing data from the service provider
and / or local authority. Secondly, digital smart meters and data loggers were deployed at individual
residential properties to gain a higher resolution understanding of water demand. Thirdly, qualitative
data from the household water and end-use surveys provided insights of the range of water (and energy

use) behaviours, attitudes and habits of the residents.
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2.2.1 Household water use measurement

Residential-scale water consumption was monitored using state of the art, high resolution digital water
meters and logging equipment which were installed at all the participating households. The
configuration of the meters is shown in Fig 3, where the mains pipe (all participating homes) and cold
water inlet of the solar hot water system (a small subset of participating homes) were metered. Existing
standard council residential water meters were directly substituted with either Aquiba water meters (C2
and C3) or modified Actaris CTS-5 water meters (C1). These ‘smart’ meters measure flow to a
resolution of 72 pulses/L or a pulse every 0.014 L. The smart meters were connected to Outpost Central
WASP (C2 and C3) or Aegis RX (C1) data loggers programmed to record pulse counts at ten second
intervals. Data was wirelessly transferred to a central computer and stored in a database for subsequent
analysis. A total of 50 water meters have been installed across the three communities: 20 in C1, 17 in

C2 and 12 in C3.

2.2.3 Household water end-use disaggregation

To obtain individual water end-uses, the Autoflow software programme was used (Nguyen et al 2015)
which applies pattern matching algorithms and sophisticated data mining techniques on the high
resolution dataset to reveal disaggregated water end-uses (e.g. shower, clothes washer, tap, leaks,
outdoor, bath, toilet and dishwasher). This software uses the concepts based on other flow trace
characterisation software (e.g. DeOreo and Mayer 1999) but has increased capabilities using pattern
recognition (i.e. Hidden Markov Model algorithms) coupled with other data mining techniques (i.e.

event probability analysis) to automate the end use analysis process (Nguyen et al 2015).

Using the high resolution datasets from the participating households, a representative sample of
received data was extracted from the database and disaggregated into all end use events using the flow
trace software Autoflow. Concomitantly with meter and logger installation, a water fixture/appliance
stock survey was conducted at each participating home which facilitated the disaggregation of trace
flows from each home and also provided a valuable snapshot of the daily water consumption habits
within each home. Further discussion on this mixed method approach is presented in Beal and Stewart

(2014).
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2.2.4 Accounting for differences in community access to mains water

During the period of monitored water consumption, C2 and C3 had unlimited access to their mains
water supply. For C1 however, there was a restriction regime in place where on weekdays residents
only had access to water for 9 hours a day and on weekends for 16 hours a day. The chief reason for
these restrictions to mains water access was to manage demand due to the extreme seasonal scarcity of
water in the dry season. During these restriction times, residents still have access to rainwater (if
available) from their individual tanks which are used for kitchen tap supply. In some cases,
modifications to the original rainwater tank configuration have redirected mains water into a rainwater
tank prior to entry into the house. This allows for storage of mains water and subsequent access to this
stored mains supply during water during restriction times. This “24/7” water, as it is termed throughout
the Torres Strait region, is desired by all but only a small percentage have this set up, and they go largely
under the radar of the local authority. Having a limitation on water accessibility in C1 means that it is
difficult to accurately compare water consumption across the communities without adjusting the C1
data to reflect demand (litres) versus available water (hours per day). To add further complexity, there
was likely to be have been some atypically high water consumption activity during the times of access
as people seek to take full advantage of the water availability. Therefore two water use datasets (“C1”
and “C1 adjusted”) for C1 end-use disaggregation have been presented in the results section to provide
a comparative range of average demand from C1 (restricted mains supply) and C2 and C3 (continuous

mains supply).

Hot water|
outlet| HOT WATER STORAGE
Cold water|,
inlet|’
Water ol -
treatment A e ‘
1 . |0 .
plant ! * Meter (Actaris)
o Data logger (Aegis)

/ Mains
ﬁ/ reticulation

Note: @ = location of smart water meter

Fig. 3 Water smart metering configuration for participating households showing digital meters at (a)

cold water inlet of SHWS and (b) mains meter at front of property.
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2.3. Household water use survey

An essential component of the research approach is obtaining qualitative data through face to face
engagement with the participants and wider community. During the baseline data gathering stage, the
household water use survey was implemented via structured interviews to enable deeper insights into
the behaviours, attitudes, concerns and challenges that the local community face with respect to their

water and energy supply and demand.

The surveys were delivered in an informal interview format and consisted of 43 multi-item questions
(totalling 78 items) which were designed to elicit information from participants about various aspects
of household water, as well as standard demographic data. The majority of questions used categorical
multi-choice, with some 5-point Likert Scales, and open-ended questions also included. Pictures were
frequently used to support the questions, particularly the planned metering installation setup, the types
of water and energy appliances in the home, and outdoor watering devices. Participants were asked
questions about water and energy use behaviours both indoors and outdoors, along with the stock audit
quantification and descriptions. They were also asked about their attitudes towards water quality (taste,
smell etc.). Other variables included self-identification as a concerned citizen on household and
community water supply security and self-reported identification of high water uses for their household.
All survey responses were collated in a database along with the disaggregated water end-use data. The
final database provided a comprehensive repository of water end-use data and matching socio-
demographic data and responses to water consumption and efficiency behaviours. This is the first
known study of its type to measure, at high resolution, such a range of variables for Aboriginal and

Torres Strait Island communities.

3. Results and discussion

3.1. Household water use survey

3.2.1 Socio-demographic overview

A total of 51 households completed the survey between March 2015 and June 2016. The research team
were accompanied by a local Indigenous council officer, ILO, or industry partner who was familiar
with the community (e.g. NT Power and Water demand management officer). While all survey
respondents spoke English, it was not always their first language and care was taken to ensure that all

questions were understood by the householder by using non-verbal as well as verbal communication.
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332 There was an equal representation of respondents who identified as Aboriginal heritage or Torres Strait
333  Island heritage with 10 further respondents identifying as both Aboriginal and Torres Strait Island
334  background. Only one participating household identified as non-Aboriginal or Torres Strait Island. It is
335  widely acknowledged that many remote Indigenous households support extended families and have a
336  frequently transient occupancy (Torzillo et al. 2008, Pearce et al. 2007, Yuen et al. 2001). This was
337 indeed observed in all project communities where a broad permanent household occupancy distribution
338  (Fig. 4a) and consistent visitor activity was noted from the survey.

339

340 The relative frequencies of household occupancy for the total RICES sample is compared with the
341  overall QLD relative frequencies in Fig. 4b. This data demonstrates a substantially higher number of
342  larger-sized households for the Aboriginal and Torres Strait Island communities which will impact on
343  household water use patterns (although can also translate into lower per capita usage owing to the
344  economies of scale). A transient occupancy rate can also influence the water demand profile of
345  households throughout the year and this is especially relevant when developing a community education
346  approach that relies on an assumed level of knowledge and engagement from all household occupants.
347  Thus, some level of re-engagement / education through regular and ongoing prompts needs to be

348 integrated into any long-term water efficiency strategy.
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351  Fig. 4 Household occupancy distributions showing (a) frequency histogram of total RICES sample
352  household occupancy and (b) comparison of relative frequencies with QLD average (ABS 2016)

353

354  3.2.2 Household water use stock summary

355

356  Household water use stock refers to all fixtures and appliances inside and outside the house that draws
357  water from the mains water supply, along with rainwater tanks that may or may not be connected to the
358  mains water supply (or to inside water use stock). There was variable penetration of water efficient

359 fixtures in the homes with around 94% homes using dual flush toilets and over 40% of homes using
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new (3 years old or less) clothes washing machines (CW). Also, over 70% of homes used front loading
CW which is typically associated with lower water demand during washing cycles (Carragher et al.
2013). Water efficient showers however, were less common with only 20% installed in the participating
households. A range of photographs showing different shower heads were presented to the respondent

during the survey and the older, standard shower head (typically >20 L/min) was frequently selected.

Rainwater tanks were common on C1 properties but not in C2 or C3. Similar to urban communities
(Gurung et al., 2014) the operational and health risks associated with drinking rainwater tank supplied
water were not always fully understood by council (or participants) and thus there was an ambiguous
attitude to the value and importance of installing tanks in new properties, despite the acknowledged

issues with water supply security and / or excessive outdoor water consumption by householders.

3.2.3 Leak reporting and response rates

Respondents were asked about their observations of leaks from toilets, taps, showers and outdoor taps
and hoses. Although there would likely to be some social desirability bias and underreporting in the
responses (Fielding et al. 2012), over a third of all homes reported having outdoor tap leaks and 22%
of householders reported leaky toilets and showers, respectively. There was a number of leaking outdoor
fixtures observed in all communities, often severe and prolonged (e.g. observed in same locations across
several visits). Leaking and poorly functioning stock is a common observation in remote community
households (Ross et al. 2014, Torzillo et al. 2008, Pearce et al 2005, Bailie et al 2004) and associated
with this is the underreporting, or poor response to the reporting, of leaks and maintenance issues in
households (Torzillo et al. 2008). When asked about whether participants reported known leaks, a
majority (94%) said “yes” (Fig 5a). When further prompted as to whether they were happy about how
long the reporting body took to respond to the leak issue, the responses were mixed, with a majority
either unhappy (41%) or didn’t know (15%) (Fig. 5b). The reporting body was typically the housing

officer (for C1), council (for C2) or housing maintenance contractor (for C3).

(a) Have you reported a leak? (b) Were you happy with the response
time?

Don't
know
15%

Don't
know
3%

No
41%

No_~
Still
waiting
6%

Fig. 5 Combined responses from all participants when asked about (a) leak reporting and (b) their

satisfaction with the response time following a leak report

15



391
392
393
394
395
396
397
398
399
400
401
402
403
404
405

406
407
408
409
410
411
412
413
414
415
416
417
418

3.3 Water consumption

3.3.1 Community water consumption

Accessing data to build up a community profile picture of water flows was very difficult (with the
exception of C3), due to the incomplete data records that are often inherent for very small communities
where staff, data monitoring and recording resources are limited. Notwithstanding this, high level
information on water demand from residential, non-residential and non-revenue water (NRW) were
estimated for each community (Fig. 6). The estimations indicate water supplied to residential buildings
was high in all communities; ranging between 60 - 80% of total water supply (Fig.6). In the Far North
QLD communities, C1 supplied approximately 32 ML for the 2016-17 year, while total supply for C2
was 182 ML (2015-16). For the central Australian community, around 151 ML was supplied for 2015-
2016.

(a) Totalusein 2016-17=31.7 ML (b) Totalusein2015-16 =182 ML (c) Total use in 2015-16 = 151 ML

NRW

Non- Non- 411
residential residential (27%)_,
4.4 27.4
(14%) (15%)
Residential —_] Residential
NRW 151 (83%) 3.8 Non-
(2%) residential /

n/a
/ 19.0

(13%)

Fig. 6 Estimated breakdown of high level water end-use categories for (a) C1, (b) C2 and (c) C3

The high proportion of residential water use in all communities is consistent with many Australian
remote communities (White, 2017) where the number of occupants per households is considerably
higher than in urban settings, and the proportion of residential buildings typically exceeds non-
residential buildings. Water supply to non-residential buildings included council offices and
grounds/parks, workshops and facilities, schools, health centres and service buildings (shops police,

churches and fire-fighting).

3.3.1 Household total consumption

Total average household water consumption patterns for each community is displayed in Fig. 7, where

both average daily use and average use across the period of measurement is shown. Average total daily
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litres per person (L/p/d) varied markedly between communities at 296 L/p/d, 998 L/p/d and 343 L/p/d,
for C1, C2 and C3, respectively. The equivalent daily household use (L/hh/d) ranged from, 1,058 L/hh/d
and 3,552 L/hh/d and 1,883 L/hh/d for C1, C2 and C3, respectively across each of the periods of
measurement. For a point of comparison, the equivalent usage rates for south east QLD (SEQ) around
the same timeframe ranged from 163 to 207 L/p/d and average daily household use ranged from 484 to
701 L/hh/d (Seqwater 2017).
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Fig. 7 Average total daily water consumption for (a) C1: 13/12/16 to 12/06/17, (b) C2: 18/2/16 to
8/3/17 and (d) C3: 5/10/16 to 8/3/17

3.3.3 Household water end-use consumption

The consecutive, two week periods chosen for end-use analysis are indicated in Fig 8. The breakdown
of water end-uses for participating households during these typically warm and dry periods are shown
in Figs. 8 and 9. Total average daily water consumption for periods of end-use analyses averaged from
around 1,539L/hh/d in C1 to over 6,200 L/hh/d in C2 (Fig 8a). Total daily per person use averaged from
549 L/p/d to over 1,560 L/p/d (Fig 8b). In most households, outdoor water use was the largest proportion
of use, ranging from 62 to 86% of total average water use (Fig 9). The other high water end-use
identified was from leaks (Fig 9) which confirmed the outcome from observations and discussions with

participants, the wider community and council during site visits.
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5. Drivers of high outdoor water use activities

From analyses of the survey responses, participant discussions, end-use disaggregation and council
consultation it emerged that several key drivers were contributing to the observed high outdoor water
use activities. Following baseline analysis, further discussions were held with all participants about their
individual water end-use breakdown activities and to identify more specifically the drivers (i.e. reasons
and motivations) behind their high outdoor water use. These drivers were verified and refined during
follow up discussions with the participants, and then grouped into five main outdoor water use themes:
1) amenity, 2) health, 3) cleaning, 4) cooling and 5) social. These are presented in Table 2, along with
a short description of the intended benefit of the outdoor water use activity. All of these activities were
observed during community visits and captured from the survey data and discussions. The drivers of
high outdoor water use that have been identified in this study are closely linked to necessary day to day
functioning e.g. health (dust suppression, house and personal cooling), food preparation (fish and meat

cleaning) and food gathering (washing down boats and hunting equipment) (Table 2).

Table 2. Key outdoor water use drivers and their intended benefit as identified from the HWEUS

Driver Intended benefit

Amenity o Foster a green space for visual amenity and maintain social expectations

e Watering plants and gardens to maintain vegetation and shade

Health e Dust suppression by dampening bare earth to reduce airborne dust

e Maintain healthy environment especially for young children and elderly

Cleaning / washing e C(Clean fishing boats, tables & equipment
e Wash down concrete or wooden verandahs and decks

e Clean cars (dust build up is prevalent with the unsealed roads)

Ground cooling for e Soaking the bare earth to cool earth and generate an evaporative cooling effect
heat relief with the prevailing wind - especially important to provide a cool area during

social gatherings

Social gatherings / o Continual access to water for body cooling and a source of outdoor drinking
children’s play water during social occasions including tombstone openings, sorry camps and
general gatherings

e Access to hose for water play and drinking for children during summer

In comparison, outdoor uses in an urban context are predominantly driven by more ‘discretionary’ or
comfort/quality of life (e.g. lawn/garden irrigation, car washing, pool filling) (Beal and Stewart 2011,
Gato-Trinidad et al 2011). The demand for these discretionary uses in urban settings are usually

managed through pricing mechanisms where the user pays a variable consumption component for high
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usage, such as an inclining block tariff (Sahin et al 2017). While there is a need to place a value on
water as a natural (and often limited) resource, the usual economic approach of water pricing is not
currently applicable to most Australian Aboriginal and Torres Strait Island communities. As Pearce et
al (2005) and Jackson and Altman (2009) have observed, Australian Indigenous people, in remote
communities in particular, tend not to make a clear distinction between water as a natural and cultural
resource, and the water readily available out of a household tap. Furthermore, some of the water use
activities (e.g. dust control) presented in Table 2 could quite feasibly fall under the responsibility of
local government service provision. The identified motivations for high water use presented in Table 2
thus raise two important questions relevant to the future design of an effective water demand
management plan in remote communities: 1) what level of responsibility does the local government
have in promoting water efficiency by maintaining a healthy community environment (e.g. road works
to improve/reduce dust, fish cleaning amenities, maintaining green ‘cooling’ spaces), and 2) how to
encourage water efficient behaviours in remote community residents when water is not paid for yet
intricately linked to cultural and day-to-day life activities? Each of these questions will now be further

deliberated below.

5.1. Role of local governments in reducing outdoor water demand

5.1.1 Improved service provision

In terms of the first question above, it could be argued that some of the drivers of high household
outdoor water use are a result of the inefficiencies of local government service provision (e.g. dust
control, greening). However, this can be problematic as remote local governments are frequently
resource-strapped and do not always enter service provision arrangements with non-rate paying
residents with the best of faith (Hunt 2013, Sanders et al 1995). Furthermore, decades long tensions
between local authorities and Aboriginal land ownership are embedded within this dilemma of service
provision to non-rate paying customers (Hunt 2013, Jackson and Altman 2009, Sanders 1995). With
the emergence of independent Indigenous remote local authorities in Australia, there has been
improvement in the community relationships, and the level and quality of service provision (Hunt 2013,
Sanders 1995) There remains, however, limited capabilities of many local governments that do not have
a rate base to generate their own revenue and maintain adequate service provision due to lack of
community capacity to pay service charges: thus there continues to be shortfalls between community
expectations and local government delivery, such as observed in the participating communities in this
study. These shortfalls present a complex challenge especially where consumptive and non-

consumptive uses are so intertwined with Aboriginal and Torres Strait Island culture.
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Deeper discourse on the historical and current limitations of remote local governments to provide
optimal essential service provision is beyond the scope of this paper, but nevertheless needs to be
considered when designing a community driven demand management plan. As a (simplistic) example,
in remote Indigenous communities in Australia, sealed roads are the exception not the norm but are a
recognised primary source of air pollution, adding to negative environmental health outcomes prevalent
in these communities (Bailie et al 2001, Bailie and Wayte 2006). In most Australian local government
jurisdictions, the role of dust control would be a local government responsibility and would include
sealing roads or maintaining adequate dust control via road watering and / or vegetating road sides and
exposed earth. As stated before, however, many Indigenous local authorities, or local authorities that
incorporate Indigenous communities, either do not have adequate resources or are not always fully
committed to such service provision to non-rate paying customers. Thus devising a water demand
management plan that relies on increased service provision as part of its strategy may not be a viable or
successful option without careful consultation and deep understanding of the community-specific

governance environment.

5.1.2 Enforcing water restrictions

Voluntary restrictions on outdoor watering times, or prohibiting such activities altogether, may not be
a successful long-term option based on the consistently high water use monitored in the communities
during periods where residents were notified to limit outdoor water use to certain times and days of the
week. Ultimately, restricting or ceasing outdoor water use is voluntary and thus relies on the buy-in and
close engagement from community (Dolnicar et al. 2012). As an example, when C1 household data is
adjusted to compare equivalent water use per hours of available water (C1 adj) indoor demand becomes
the highest of all three communities rather than the lowest (unadjusted) (Fig 9). This suggests that the
water use behaviours in households that are exposed to mandatory water conservation methods are
similar to those households where there is little enforcement to reduce water use. For C2, all households
were personally visited by council in July-August of 2016 and informed of the need to restrict their
outdoor watering activities to early morning or later afternoon only. While there was a small reduction
in total water consumption, outdoor use remained significantly higher than other end-uses. Even in C3,
where water use was generally lower than the other communities and total consumption has seen a
decline over the years, outdoor use remains substantial, despite previous pilot water conservation
programs (e.g. Abrahams and Henderson 2010). These observations further emphasise the need to
understand the drivers of high outdoor water use, and the barriers to reducing such levels of water use
from the householder’s perspective, in order to establish long-term behaviour change toward outdoor

use.
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5.2 Role of community in water demand management

Creating sustained behaviour change is not a simple and short-term process in any community,
particularly in remote settings that require strong cultural, historical, governance, geographical and
environmental considerations. While this is a complex and sensitive challenge and despite the lack of
financial motivation, there is a clear and important role for householders in reducing water demand,
especially outdoor. Pearce et al (2005) consulted five Aboriginal communities and found that while
their willingness to pay for water was low, their attitudes to water conservation and efficient use varied
and was likely to be more positive with increased consultation and engagement from local government.
Pearce et al. (2005) suggested that non-monetary demand management strategies such as sharing the
responsibility of water management with local residents may have at least the same, if not greater,
conservation outcomes than introducing water tariffs. Russell and Fielding (2010) support the notion of
using good communication and community involvement to encourage and enthuse local residents in
improving water efficiency behaviours. In the absence of financial incentives, which are a well-
recognised demand management tool, Russell and Fielding (2010) observe that having saving water as
a whole-of-community commitment is emerging as a strong motivator for water conservation. Although
many studies around water conservation attitudes and behaviours have not included Indigenous
households much work has been done in the Australian Indigenous water rights, planning and allocation
space (Jackson et al. 2012, Tan and Jackson 2013, Touissant et al. 2005). This can be drawn upon during
development of participatory water efficiency processes, where identified cultural and spiritual water
values and stories could help shape the narrative to motivate behaviour change. From a more
technological and engineering perspective, there is less to draw on, though the empirical baseline data
on residential water use presented herein will greatly strengthen a platform from which to objectively

evaluate water demand reduction strategies.

5. Conclusions

Stage 1 of the RICES project has used smart metering-enabled data and social surveys to document
water end-use patterns in participating Aboriginal and Torres Strait Island households. Outdoor water
use ranged from over 1,500 to 5,300 L/household per day, representing up to 86% of total use. By
identifying the main drivers for high outdoor water use: health, cooling, cleaning, social and amenity,
a targeted approach demand management plan, underpinned by empirical data, will be developed as
part of RICES Stage 2. Traditional monetary demand management methods or enforcing water
restrictions are not likely to be relevant or successful in the long-term and the role of the local
government in improving service provision to reduce high household water use activities (e.g. dust

control) is not a simple matter. Demand management strategies most suited to the complex motivations
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that exist around high water use are likely to involve ongoing community engagement, education and
consultation between residents, the local authority and other stakeholder groups. Encouraging family
members to pledge a commitment to reducing water use that is based on feedback on their actual
household consumption practices and is willingly entered into as part of a community supported
initiative may be a strategy that will both engage individuals and promote community goodwill toward
reducing water use. Such approaches will be considered during the next stage of the RICES project
when developing community-directed water efficiency strategies. Ultimately, these tested efficiency
strategies will be rolled out in the future across communities with similarly constrained water and

energy supplies.

Acknowledgements

The authors acknowledge the valuable and detailed feedback provided by an anonymous reviewer on
earlier versions of this manuscript. The funding for the RICES project is through an Australian Research
Council Linkage Grant LP140100118 and a QLD Government Accelerate Fellowship. The authors
acknowledge the following organisations for their support: Ergon Energy (QLD), Power and Water
Corporation (NT), Centre for Appropriate Technology, Department of Energy and Water Supply,
Torres Strait Island Regional Council, Mapoon Aboriginal Shire Council, Torres Strait Regional

Authority, Western Australian Water Corporation and the University of QLD.

References

Abrahams, J., Henderson, R., 2010. Pilot Project for Community Engagement in Water Conservation
at Ali Curung, Prepared by Live and Learn Environmental Education Inc., Alice Springs for Power
and Water Corporation, Remote Operations. November 2010.

ABS (Australian Bureau of Statistics), 2016 Census QuickStats,
http://www.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/036
(accessed October 2017).

Bailie, R, & Wayte, K. (2006). Housing and health in Indigenous communities: Key issues for housing
and health improvement in remote Aboriginal and Torres Strait Islander communities. Australian
Journal of Rural Health, 14(5), 178-183.

Bailie, R.S., Carson, B.E., McDonald, E.L., 2004. Water supply and sanitation in remote Indigenous
communities-priorities for health development. Australian and New Zealand Journal of Public

Health 28, 409-414.

23



624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659

Barber, M., and S. Jackson. (2017). Identifying and categorizing cobenefits in state-supported
Australian indigenous environmental management programs: international research
implications. Ecology and Society 22(2):11.https://doi.org/10.5751/ES-09114-220211.

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

Beal, C., Larsen, S. & Stewart, R. (2014) Exploring the residential water-energy nexus in remote
regions: results from a Far North Queensland water end-use pilot study. Australian Water
Association Journal 41, 78-82

Beal, CD., and Stewart, RA. (2014) Identifying Residential Water End-Uses Underpinning Peak Day
and Peak Hour Demand. J. Water Resources Planning and Management, 140(7): 04014008.

Beal, C.D., Gurung, R.T., Stewart, R.A. (2016) Modelling the impacts of water efficient technologies
on energy intensive water systems in remote and isolated communities. Clean Technologies and
Environmental Policy, 18(6), 1713-1723.

Britton, T.C.; Stewart, R.A.; O'Halloran, K.R. (2013) Smart metering: Enabler for rapid and effective
post meter leakage identification and water loss management. J. Cleaner Prod., 54, 166-176.
Burgess, C., Johnston, F., Bowman, D. & Whitehead, P. (2005) Healthy country: healthy people?
Exploring the health benefits of Indigenous natural resource management Australian and New

Zealand Journal of Public Health 29, 117-122

Carragher, BJ., Stewart, RA., Beal, CD.,(2012) Quantifying the influence of residential water
appliance efficiency on average day diurnal demand patterns at an end use level: A precursor to
optimised water service infrastructure planning. Resour Conserv Recy (2012), 62, 81-90.

Dolnicar, S., Hurlimann, A., & Griin, B. (2012). Water conservation behavior in Australia. Journal of
environmental management, 105, 44-52.

Mayer, P., & DeOreo, W. (1999). Residential End Uses of Water. Retrieved from Aquacraft, Inc. Water
Engineering and Management, Boulder, CO.:

Fielding, K. S., Russell, S., Spinks, A., & Mankad, A. (2012). Determinants of household water
conservation: The role of demographic, infrastructure, behavior, and psychosocial variables. Water
Resources Research, 48(10).

Fielding, K. S., Spinks, A., Russell, S., McCrea, R., Stewart, R., & Gardner, J. (2013). An experimental
test of voluntary strategies to promote urban water demand management. Journal of Environmental
Management, 114, 343-351.

Gato-Trinidad, S., Jayasuriya, N., & Roberts, P. (2011). Understanding urban residential end uses of
water. Water Science and Technology, 64(1), 36-42.

Garnett, S, Sithole, B, Whitehead, P, Burgess, C , Johnston, F, & Lea, T. (2009). Healthy country,
healthy people: policy implications of links between Indigenous human health and environmental

condition in tropical Australia. Australian Journal of Public Administration, 68(1), 53-66.

24


https://doi.org/10.5751/ES-09114-220211

660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696

Gurung, R.T, Stewart, R.A., Sharma, A. and Beal, C.D (2015) Smart meter enabled water end-use
demand data: platform for the enhanced infrastructure planning of contemporary urban water
supply networks. Journal of Cleaner Production, 87:642-654.

Hunt, J (2013) Between a rock and a hard place: self-determination, mainstreaming and Indigenous
community governance. In: Contested governance: culture, power and institutions in Indigenous
Australia. Eds:. Hunt, J., Smith, D., Garling, S Sanders, W. (2013), ANU Press, Canberra.

Hurlimann, A., Dolnicar, S., Meyer, P., 2009. Understanding behaviour to inform water supply
management in developed nations a review of literature, conceptual model and research agenda.
Journal of Environmental Management 91, 47-56.

Jackson, S., Tan, P.-L., Mooney, C., Hoverman, S., & White, 1. (2012). Principles and guidelines for
good practice in Indigenous engagement in water planning. Journal of Hydrology, 474(0), 57-65.

Jackson, S., Altman, J., 2009. Indigenous rights and water policy: perspectives from tropical northern
Australia. Austl. Indigenous L. Rev. 13, 27.

Jamieson, L., Paradies, Y., Eades, S., Chong, A., Maple-Brown, L., Morris, P., Brown, A. (2012). Ten
principles relevant to health research among Indigenous Australian populations. Medical Journal
of Australia, 197(1), 16.

Liu, A., Giurco, D., & Mukheibir, P. (2016). Urban water conservation through customised water and

end-use information. Journal of Cleaner Production, 112,3164-3175.
March, H., Morote, A. F., Rico, A. M., & Sauri, D. (2017). Household Smart Water Metering in Spain:
Insights from the Experience of Remote Meter Reading in Alicante. Sustainability, 9(4), 582.
Mohtar, R.H. and Lawford, R. (2016) Present and future of the water-energy-food nexus and the role
of the community of practice. Journal of Environmental Studies and Sciences 6(1), 192-199.

Nguyen, K. A., Stewart, R. A., Zhang, H., & Jones, C. (2015). Intelligent autonomous system for
residential water end use classification: Autoflow. Applied Soft Computing, 31, 118-131.

Pearce, M., Willis, E., & Jenkin, T. (2007). Aboriginal people’s attitudes towards paying for water
in a water-scarce region of Australia. Environment, Development and Sustainability, 9(1),
21-32.

Richards, B. S. & Schifer, A. 1. (2013) Photovoltaic-powered desalination system for remote Australian
communities. Renewable Energy 28, 2013-2022

Ross, K., Delaney, C., Beard, N., Fuller, K., Mohr, S. and Mitchell, C. (2014) Smart metering enables
effective demand management design. Water: Journal of the Australian Water Association 41(5),
81.

Russell, S., Fielding, K., 2010. Water demand management research: A psychological perspective.
Water Resour. Res. 46.

Sanders, W., 1995. Local governments and indigenous Australians: developments and dilemmas.
Discussion paper No. 84/1995. Centre for Aboriginal Economic Policy Research, Australian

National University, Canberra.

25



697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721

Sahin, O., Bertone, E., Beal, C., 2017. A systems approach for assessing water conservation potential
through demand-based water tariffs. J. Cleaner Prod. 148, 773-784.

Santo Domingo, A. F., Castro-Diaz, L., & Gonzalez-Uribe, C. (2016). Ecosystem Research Experience
with Two Indigenous Communities of Colombia: The Ecohealth Calendar as a Participatory and
Innovative Methodological Tool. EcoHealth, 13(4), 687-697.

Seqwater (2017) http://www.seqwater.com.au/water-security-and-consumption-update. Relevant

Webpage dates accessed 13/10/2017.

Tan, P.-L., & Jackson, S. (2013). Impossible dreaming-does Australia’s water law and policy fulfil
Indigenous aspirations. Environment and Planning Law Journal, 30, 132-149.

Torzillo, P. J., Pholeros, P., Rainow, S., Barker, G., Sowerbutts, T., Short, T., & Irvine, A. (2008). The
state of health hardware in Aboriginal communities in rural and remote Australia. Australian and
New Zealand Journal of Public Health, 32(1), 7-11.

Toussaint , S., Sullivan, P., & Yu, S. (2005). Water ways in Aboriginal Australia: An interconnected
analysis. Anthropological Forum, 15(1), 61-74.

White, I (2017) Queensland’s new water security partnerships. Water Planning and Regulation —
Strategy, Department of Water and Energy Supply. Presentation prepared for Australian Water
Association, April 2017.

Willis, E., Pearce, M., McCarthy, C., Ryan, F., Wadham, B., 2008. Indigenous Responses to Water
Policymaking in Australia. Society for International Development 51, 418-424.

Yuen, E. (2005) Water consumption patterns in Australian Aboriginal communities, PhD Thesis,
Remote Area Developments Group, Murdoch University, Western Australia, 321 pp.

Yuen, E., Anda, M., Mathew, K., & Ho, G. (2001). Water harvesting techniques for small communities
in arid areas. Water Science and Technology, 44(6), 189-195.

26


http://www.seqwater.com.au/water-security-and-consumption-update



