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Abstract
This paper reports on the short and long-term impacts of online water-use feedback provided via a smart metering trial involving 120 households in New South Wales, Australia. Near-real time water consumption feedback was provided via an online portal to half of the sample. Water consumption was uniquely analysed one year pre- and post-intervention, and in conjunction with login data. During one year of available access, the intervention group saved an overall average of 24.1 litres per household per day (L/hh/d) (4.2%). Regression analysis showed the significant savings of active users related specifically to portal login activity. Significant short-term effects persisted for 42 days, averaging at 63.1 L/hh/d. The article discusses the implications for research and practice, including a consideration of how, in addition to providing ongoing access, online portals could be leveraged further by water authorities to help meet urgent short-term supply constraints such as in drought.
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1. Introduction
Water resources management has seen a generational shift from a focus on supply-side augmentation towards greater consideration of demand-side options to meet projected demands for water (Turner et al., 2008). The search for effective demand management policies is of particular interest to water authorities under water stress, either seeking to delay supply augmentations or facing water shortages including drought. While new technologies may offer hopeful promises, the interactive behaviours of users have been recognised as equally influential in ultimately determining impacts on water consumption (Beal et al., 2013; Stewart et al., 2013).  
Smart water metering presents new opportunities for improved collection, analysis and communication of water consumption data to monitor and manage usage (Cole and Stewart, 2013). Despite rapid growth in the market, including in Australia (Beal and Flynn, 2015), the extension of smart water metering to incorporate household feedback is lagging behind these wider deployments (Boyle et al., 2013; Liu et al., 2015). Yet a variety of advanced information and communication technologies exist which could communicate feedback far beyond general current practice.
The internet provides a convenient platform to convey consumption information to end-consumers and water resources managers. Online portals can provide household water-use feedback in near real-time, further enhanced with additional features or information, such as on how to save. Online portals offer distinct advantages over alternative mediums (in-home displays, paper reports), including access via any web-enabled device at the convenience of users, at or outside the home, and interactivity with others.  
Research particularly investigating the impacts and usage of online water-use feedback via smart water metering and the internet remains very scarce. However, online feedback systems are more commonplace for energy, with comparatively more research having been undertaken in the sector (e.g. Schleich et al. 2011). Understanding householders’ usage of new feedback technologies is important as water utilities remain reluctant to invest time and financial resources without confidence in their value. Utilities also need to understand the likely impacts of detailed feedback on water consumption patterns and behaviours and their potential contribution towards improved water resources management.
In this study, smart water meters were installed at 120 households in New South Wales (NSW), Australia. This paper reports on the impact of householder access to the custom-built online portal, My Home Our Water (MHOW), which provides detailed household water-use feedback in near real-time. 
The key objectives of this research are to:
1)	Determine MHOW portal use (i.e. logins and use of specific features). 
2)	Compare longer term water consumption between the intervention and control groups during one year pre- and post-intervention.
3)	Evaluate the water-savings potential of actual access to MHOW by comparing changes in relative water consumption of active portal users against the control group.
4)	Analyse how household water-savings vary according to portal logins over time. 
The research outcomes provide water authorities and governing bodies with empirical and qualitative evidence on the impacts of online household water consumption feedback. 
Section 2 describes the theoretical background of the study. Section 3 details the trial. Section 4 presents the results. Section 5 discusses study limitations and implications.  
2. Theoretical background
2.1 How feedback works 
Literature on consumption feedback proposes various theoretical mechanisms by which feedback might change consumption behaviours. The ‘information-deficit’ model of rational behaviour (Burgess et al., 1998; Wilhite and Ling, 1995) suggests new information will lead imperfectly informed consumers to systematically evaluate alternative courses of action and respond in a way that pursues their self-interest. This assumes householders will revise their consumption behaviours or upgrade appliances to pursue financial (or other) gains. Attitude-behaviour models (e.g. Theory of Planned Behaviour), suggest feedback may specifically change consumers’ attitudes towards their consumption, leading to changed behavioural intentions, then behaviours. However, applied literature repeatedly reports an attitude-behaviour or attitude-action gap and actual consumption behaviours not conforming to attitudes or intentions (Kollmuss and Agyeman, 2002). Impacts of feedback on consumption may be moderated by various other ‘non-rational’ influences, including consumers’ cognitive limitations to process and evaluate information and alternatives, and act accordingly; unconscious responses, with automaticity, using mental short-cuts including habits and routines, as well as emotionally (Jackson, 2005).
Current approaches to feedback nevertheless highlight a role for education to increase consumer awareness and inform consumption behaviours. Here, approaches to feedback can vary widely in terms of content, medium, frequency, duration, and context, all which can shape impacts (Liu et al., 2015). A mix of feedback strategies may achieve greater impacts by targeting different mechanisms. Bonino et al. (2012) distinguish between antecedent and consequent strategies. The former aim to induce user behaviours. The latter inform users after the behaviour has occurred. So, rather than simply providing (previous) consumption information, additional strategies such as goal-setting via a target or budget can be introduced in parallel. Greater levels of information detail (e.g. end-use resolution, fine grained time steps, or tailored advice) may also help consumers identify water-saving behaviours (Fielding et al., 2013; Liu et al., 2013). In each case, feedback design and provision choices involve varying underlying assumptions as to how feedback might work and target different methods of informing consumers of their consumption behaviours. Here, online mediums can uniquely target various mechanisms using multiple functions, strategies and representations of data to inform customer behaviours. 
2.2 Impacts over time 
The Technology Acceptance Model suggests usage of a technology will depend on its acceptance, defined as a function of its ‘Perceived Usefulness’ and ‘Perceived Ease of Use’ (Davis, 1986). Relating to this, Martinez-Torres et al. (2008) distinguish between first use and continued use as a measure of long-term success. Therefore, initial and continued usage of an online feedback portal may vary according to householder acceptance; and actual (behavioural) responses to feedback may also vary over time. Household water-savings may particularly be linked to actual portal usage and exposure to feedback via specific acts of logging on.   
Various studies have signalled rebound-effects, in which initial consumption savings return to pre-intervention levels over time. Possible explanations can be found in studies involving energy in-home displays which reported information fatigue, with devices ‘fading into the background’; with household users described as simply losing enthusiasm and interest over time (Faruqui et al., 2010). However, overall empirical results on the persistence of feedback effects are mixed in the energy sector (Schleich et al., 2011). More long-term research has particularly been called for, noting most residential energy feedback studies lasted less than four months (and many much less) (Van Dam et al., 2010). Buchanan (2014) also elucidated ‘it is crucial that data is collected over a long enough period of time to control for initial novelty effects and to allow for long-term energy use adjustments to be revealed’. The same need generally applies to the water sector, specifically across different types of feedback mediums. 
In the water sector, limited longer term analysis of alternative feedback mediums has also shown mixed results on the persistence of savings. Interventions using paper-based feedback mechanisms found short-term reductions which did not continue in the long-term, particularly after feedback ceased (Fielding et al., 2013; Liu et al., 2016). By contrast, Davies et al. (2014) recently reported long-term water savings via an in-home display measured over five years. 
Regarding online water-use feedback, an early smart metering study in Dubuque, US, also involving an online portal, measured 6.6% water-savings over nine weeks among participants relative to a control group (Erickson et al., 2012). The study extrapolated savings for one year on the basis of these short-term impacts. Yet, without understanding how savings vary over time, it may have been unreasonable to assume the same savings would continue. Other similar projects involving online water-use feedback portals are currently being developed or deployed elsewhere. However, with these projects either in their infancy, or their results not reported publicly, more work is required to understand impacts of online feedback over time. 
In modelling post-drought ‘bounce-back’ in water consumption, Giurco et al. (2013) suggested that while water usage behaviours (e.g. shower length) may relax after water-use restrictions are lifted, an accelerated installation of efficient appliances (e.g. water-efficient shower heads) can help limit this effect. Therefore, the persistence of water-savings impacts through feedback may also depend on whether they derive from behaviour change or water-efficient appliance installations. 
Based on available literature, reductions through an online household feedback portal may only be short-lived, with consumers reverting towards pre-intervention behaviours and consumption levels over time. This may depend on portal usage and hence the continuity of engagement with available feedback. While the longer term impacts of water-used feedback interventions generally require further investigation, especially more work is required to understand the role and impact of online feedback mechanisms over time and relative to portal usage.  
2.3 Evaluation methodologies 
Analyses of impacts of feedback on household consumption vary widely in terms of the methodologies applied. Naturally, some differences in evaluation methodologies arise from the study design and associated limitations (e.g. control group availability; and sample sizes). Some studies adopted a pre-post design, only reporting descriptive statistics at the end of the trial (Erickson et al., 2012; Petersen et al., 2007); and such approaches may lack the robustness of other studies which additionally report inferential statistics. There is also a tendency to analyse how participants’ consumption changed from when the feedback began for an aggregated trial period, sometimes just several weeks (e.g. Erickson et al., 2012). In general, there is little analysis of how impacts on consumption change over time; particularly immediately after actual access to feedback (rather than just after access is granted, but not necessarily utilised). This also applies to studies involving an online portal. 
In summary, longer term evaluations are required to understand the persistence of water-savings via online water-use feedback. The relationship between water-savings and actual engagement with online water-use feedback also requires investigation.   

3. Material and methods
3.1 Study context 
The study was conducted within the local government areas of the Greater Taree City Council and the Great Lakes, approximately 320 kilometres north of Sydney, Australia, where some 37,000 households are supplied by MidCoast Water (MCW). MCW currently operates five water supply systems in the area. Facing projected demand from 50,000 households by 2050 (MidCoast Water, 2015), MCW is in pursuit of greater efficiencies in both water supply and use to defer capital expenditure on new infrastructure. It is within this context that the potential role for residential smart water metering and the provision of detailed water-use information via an online portal is explored.
3.2 Study design overview 
120 households were recruited into the study which involved an intervention and control group. Installation of Outpost WASP loggers ensued at these residences in late 2012 to collect household baseline usage data throughout 2013 at 1 minute intervals and to transmit overnight via the internal SIM card and 2G mobile phone network. Due to transmission issues, all were replaced with 3G. After installation, baseline surveys were distributed to collect additional data on the householders and their water consumption. In parallel during the baseline year, MHOW was developed as the online intervention medium. 
The main study hypothesis was that intervention group households (i.e. with access to MHOW) would show water-savings relative to the control group. In addition, it was hypothesised that intervention group households would achieve greater reductions immediately following access to MHOW; and that measured savings would decrease with time from each household’s last login.  
3.3 Study participants 
The 120 participants were recruited from six towns in the region, namely, Taree, Wingham, Forster, Tuncurry, Tinonee and Cundletown. Recruitment was via informed consent and targeted households whose water consumption over the previous year was in the 50th to 75th percentile of users, and with a meter capable of digital pulsed output[footnoteRef:1]. A multi-staged process of invitation letters was used requiring agreement to a smart water meter installation to collect water usage data more frequently, and online provision of more detailed water-use feedback. Further details of the study area, households and their socio-demographic information are provided in Supplementary Material 1. [1:  The existing Elster V100 meters were 20mm helical vane (mechanical device) meters with 0.5L/pulse, 4x4 number wheel counters, and a backflow check valve for the potable water supply; compliant with the metrological and technical requirements of NMI R49-1 and AS 3565.1. These meters typically last 15 years or 3,500kL. Since most were low age (either manufactured in 2009 or 2010) with few kilolitres on the dial, measurement error was unlikely to be an issue.] 

3.4 Intervention groups
After the smart meters had been in place for one year, and prior to the intervention, households were randomly assigned to the intervention or control group (each N=60). A matched pairs design was applied taking 2013 water consumption (collected via the existing meters), household occupancy and specific locality (town) into consideration and ensuring broadly similar study subgroups. After establishing the matched pairs, households without internet access were assigned to the control group for the sake of resource efficiency (i.e. to first provide access to households with internet access given the moderate overall sample size)[footnoteRef:2]. Several households with technical issues (data transmission) were also assigned to the control group, as their consumption data was not available for viewing. A further balance was attempted in the assignment of households for which baseline survey data was available.  [2:  In retrospect, internet access could have been required for study participation.] 

Independent t-tests confirmed no statistically significant difference between the ensuing intervention and control groups in terms of average 2013 consumption, household occupancy or locality. Average 2013 consumption was 602 L/hh/d (SD = 251) for the intervention group, and 571 L/hh/d (SD = 242) for the control group (t = 0.692; df = 118; p = 0.490). Average occupancy was 2.84 (SD = 1.41), and 2.71 occupants (SD = 1.35), respectively, for the 55 intervention and 49 control group households for which baseline survey data was available (t = 0.449; df = 102; p = 0.654). A Fisher’s Exact Test showed furthermore that the intervention and control groups did not differ in the localities of their households (Fisher’s exact test, p = 0.345).   
3.4.1 MHOW 
During the baseline period, MHOW was developed between the Institute for Sustainable Futures, MCW and Outpost Central. The interface design was published under the terms of the Creative Commons Attribution-ShareAlike 3.0 Australia Licence, which allows the freedom to share and adapt the work (see https://creativecommons.org/licenses/by-sa/3.0/au/). Since the portal was specifically created to serve as a customer interface for householders to view and track their water consumption, professional design services were enlisted for a visually appealing communication style for residential customers (rather than water utility or commercial operators, which a previously available portal targeted). Various MHOW screens are shown in Figure 1.
The portal provides customisable displays of historical water use, comparisons with others, a water-budget feature, access to various usage alerts, and an interactive water-saving pledges facility. The portal therefore incorporated a variety of feedback strategies. A detailed list of features is provided in Supplementary Material 2. 
3.4.2 Intervention 
From 7 January 2014 onwards, the intervention group was granted access to MHOW. An information pack was mailed containing a letter, project information sheet, a fold-out brochure explaining the portal’s key features, and a magnetic postcard as a handy reference to the customer’s unique login details. The username was printed on a sticker affixed to the postcard. However, the password sticker was sent via separate mail to improve customer security.  
Some communication issues were experienced initially with some loggers failing to transmit and a consequent unavailability of new data for householders to view via MHOW. Therefore login reminders were put on hold until these issues were rectified. After logger issues were resolved, either via replacements or switching to the 3G network, postcard reminders were delivered to all intervention group households in September 2014 to encourage logons to the portal. Finally, an email reminder was sent in October 2014 to 51 out of the 60 households for which an email address had been provided. 
3.5 Data collection 
Data collection followed a mixed methods approach involving both quantitative and qualitative data. Consumption data was collected via the smart water meters throughout the trial. Initially loggers were set to log usage at 1 minute intervals, however, during the trial a few were adjusted to 5 minute intervals to preserve battery life and increase the reliability of daily data transmission. Quarterly billing data was also collected using conventional meters, as per MCW’s regular billing cycles. 
Householders were requested to complete a paper-based baseline survey in November/December 2012. Non-respondents were followed up on in January 2013. The survey collected information on the households’ water appliance stock, water-related practices, attitudes towards conservation and new technologies, information preferences and demographics. To encourage participation, a $50 AUD incentive was offered to respondents. 
A short online survey was additionally administered to portal users using a series of web light-boxes for completion at first login and immediately prior to access to household consumption information. This survey captured householders’ water-use awareness and confidence in their awareness, interests, and intentions and perceptions of potential ability to save. Analysis of this data is presented in Liu et al. (2014). Users could optionally register for various usage alerts and/or to set a monthly water budget (or return to these features at a later date). 
User change logs and Google Analytics™ were set up to collect data on householder interactions with the portal. Google Analytics™ was used to track portal logins, page views and time spent within the portal. The user change logs recorded responses to the first login survey and registrations for the various alerts, pledges, and profile settings. 
This paper focuses on the impacts of the portal in terms of portal usage using the change logs and Google Analytics™ data; and the quantitative impacts on consumption by analysing the smart meter data in conjunction with the portal login data.
4. Results
4.1 MHOW portal usage 
Portal usage data signalled a first key challenge was getting householders to take the initial step of actually logging on to MHOW for a first time. Out of the 60 intervention group households, 20 attempted to log on; and only 17 (28%) actually proceeded to view their water-use data.[footnoteRef:3] Site revisits proved to be a further challenge. Half of the user households only logged on once; one quarter logged in just twice. However, a couple of households used the portal every few months; and a couple of other users logged in relatively frequently (i.e. once or twice every few weeks).  [3:  One additional household responded to an offer to have alerts set up by calling MCW’s Customer Service, rather than by logging on to the portal, so this household’s registration for alerts is included in this analysis. ] 

The Google Analytics™ data recorded where active users spent their time in the portal. During the first year of access, the dashboard was viewed most (103 times; 41%), followed by the ‘My Usage’ page (75 times; 30%) and ‘My Profile’ page (42 views; 17%). Regarding time spent on each page, ‘My Usage’ came top (1806 minutes; 59%), followed by the ‘Dashboard’ (626 minutes; 20%). Comparatively little time was spent on ‘Ways to Save’ or engaging with ‘My Pledges’. 
Water usage alerts were very popular, with 15 out of 18 user households (83%) signing up for one or more kinds.[footnoteRef:4] Only three user households did not take advantage of the opportunity to receive alerts. Among the alerts options, portal users showed particularly strong interest in ‘leak alerts’ (78%). There was also significant interest in ‘water budget alerts’ (50%), which were activated once 80% of a household user’s self-determined budget for water was consumed. By contrast, there was relatively low interest in ‘neighbour alerts’ which were activated when a user’s consumption exceeded 80% of its neighbours (22%). Regarding communication mediums, email alerts were generally preferred over SMS. A variety of sign-up patterns were also noted varying between mediums and alert types. For example, some users selected all three alert types for one communication mode; both email and SMS for the same type of alert; or only leak or budget alerts.  [4:  This data includes the household that registered for alerts by calling MCW. ] 

Importantly, by registering for usage alerts, participant householders would remain alerted to high water usage even if they did not continue to use the portal regularly. Analysis of a three-month sample log of alerts showed nine users (50%) received at least one alert. Eight households received leak alerts (44%), four received budget alerts (22%), and two received neighbour alerts (11%). Some received multiple alert types almost simultaneously, demonstrating the interrelationships between the alerts. That is, a leak can cause water use to exceed a user’s monthly budget and to activate the neighbour alert if use becomes relatively high.
4.2 Smart meter data preparation and analysis 
Smart meter data logged at either 1 or 5 minute time-steps for 7 January 2013 to 7 January 2015 was downloaded in bulk as csv files for analysis in R (3.1.2) and Python (2.7.6). The two years of data were then checked for consistency with quarterly billing data records collected via conventional water meters. Raw consumption values were aggregated to 30 minute periods for more manageable analysis and cleaned to remove implausible values. Outliers were defined as either (i) days for which less than 80% of the 48 half hourly records existed; or (ii) days where consumption was greater than 3 standard deviations above the mean. This process of data checking produced a ‘cleaned’ smart water meter dataset. Importantly, the cleaned smart meter and billing data records generally aligned (see Supplementary Material 3). To estimate water-savings, quantitative analysis was performed on both the raw and cleaned smart water meter datasets. All results on the raw data were insignificant. Therefore, all data presented are based on the cleaned smart meter data.
Descriptive statistics were performed to compare water consumption for the one year pre- and one year post-intervention between the intervention and control groups. As not all intervention group households used MHOW, a distinction was drawn between ‘active’ and ‘inactive’ participants, depending on whether or not individual households actually logged in and used the portal. A Welch’s t-test was used to test for the statistical significance of differences. Analysis of the overall intervention group was therefore complemented with separate comparisons for the active and inactive intervention group participants with the overall control group. Ordinary Least Squares (OLS) regression analysis was subsequently performed to analyse the impacts on daily household water consumption of logging on to MHOW. 
4.3 Impacts over one year post-intervention  
During the pre-intervention year (7 January 2013-6 January 2014), and excluding sample drop-outs, the smart meter data showed intervention group households consumed an average of 571.7 L/hh/d, while the control group consumed a slightly lower average of 548.1 L/hh/d. Compared to the pre-intervention year, water consumption had decreased in the intervention group by 41.9 L/hh/d (7.3%) to 529.8 L/hh/d. Consumption decreased less steeply in the control group by 17.8 L/hh/d (3.3%) to 530.3 L/hh/d. Therefore, the intervention group achieved a significant overall average saving of 24.1±13.6 L/hh/d (4.2%) relative to the control group. 
A Welch’s unequal variances t-test performed on the mean daily consumption data of each of the intervention and control group households divided into pre- and post-intervention periods of 365 days either side of the intervention date (7 January 2014) signalled these average daily savings were highly significant (Welch’s t = 3.47, df = 720, p = 0<0.001). 
The user change log showed that 17 (28%) of the 60 intervention group households appeared to have actually logged onto MHOW and accessed their consumption information on one or more occasions. Additional analysis on the resulting subgroups of active versus inactive participants and relative to the pre-intervention period showed absolute consumption savings among active participants (20.3±19.7 L/hh/d or 3.7%) were slightly lower than among inactive participants (25.7±14.6 L/hh/d or 4.4%). This suggested that the chosen period of comparison of an entire year post-intervention against one year pre-intervention was too long relative to the actual persistence of significant savings effects of logins. Therefore additional regression analysis was required to explore the impacts of portal usage over time. 
4.4 Regression analysis
This section presents the results of the OLS regression analyses used to estimate water-savings relative to portal logins and their duration over time. These analyses make use of all logins made by active households. A first set of regressions estimated the presence of savings among active participants relative to controls over time and explored their underlying functional structure. A second set of regressions estimated short- and long-term savings and the duration of these impacts relative to when households last logged in to MHOW. 
Details of the regression analyses are provided in Supplementary Materials 4. Table 1 shows this first set of regression results, which estimate water-savings of active participants relative to controls for ranges of days that incorporate when households last logged on. For example, active participant households that logged on to MHOW, saved an average of 54.1±37.9 L/hh/d relative to the control group, when their last login was between 0 and 14 days ago. Savings achieved by active users relative to controls continued to be statistically significant at the 95% confidence level for each period up to 42 days after logging in to MHOW, after which the difference in household water consumption generally became insignificant for subsequent ranges of time, and it is assumed that any significant savings or losses in the period after 70 days were caused by noise.
A second set of regression results distinguished between short- and long-term impacts, estimating impacts relative to when households last logged on. Short-term savings are estimated by IntvDateDummy_Xshort, which measures relative daily household savings within X days of last logging on. Long-term savings are estimated by IntvDateDummy_Xlong, which measures additional savings lasting beyond X days. Based on the previous set of savings estimates over time a significant effect of logging onto MHOW lasted 42 days. Regression results for X = 42 estimate average savings across the 42 day period of 63.1 ± 27.4 L/hh/d. The long-term savings parameter estimates for IntvDateDummy_Xlong were statistically insignificant. This suggests that (significant short-term) consumption savings were approximately consistent for up to 42 days, after which savings underwent a step-change and became noise.    

5. Discussion and conclusions
5.1. Discussion and implications 
This research aimed to explore use of the MHOW online household water-use feedback portal, and analyse the longer term quantitative impacts of providing access, including how water-savings vary with portal logins over time.
Results showed significant savings among the intervention group (with access to MHOW) relative to the control group, using data collected one year pre- and post-intervention. Additional OLS regression results indicated that the magnitude of these savings varied significantly over time, which highlighted the importance of accounting for the actual engagement of householders with feedback interventions (i.e. logins to access feedback). 
Another important contribution is the elevation to discussion of evaluation methods used to calculate the savings impacts of feedback interventions. Generally greater caution needs to be exercised as this work demonstrated that comparing an entire intervention group against the entire control group can be simplistic, because not all intervention group households may actually experience the intervention (i.e. logon and access their consumption information). Here, this paper took an important first step by making use of login data, capturing which households actually logged on and when, to assess impacts. 
Since the literature on household resource consumption feedback calls for more long-term studies of impacts, another important contribution of the MHOW study lies in its collection and analysis of household water consumption data for one year pre- and one year post-intervention. The results showed that impacts varied significantly with time, and it could be inaccurate to simply extrapolate savings calculations based on very short intervention studies, as done elsewhere. 
Results indicated that access to MHOW reduced household water consumption significantly in the short-term, with significant effects lasting up to 42 days (six weeks). However, significant long-term effects of specific acts of logging on to the portal were not detected. Rather, highly significant short-term effects led to the appearance of longer term significance (among the intervention group relative to the control group, though not between active and inactive participants), even when spread over one year. These results lend support to findings of rebound effects after paper-based water-use feedback interventions ceased (Fielding et al., 2013).  
A key policy implication of these research results for urban water policy makers is that access to online household water-use feedback via smart water metering can be an effective means of reducing household water demand among active users, particularly in the short-term. However, to achieve greater impacts, policymakers will have to consider how to better engage householders, since only one-third used MHOW, which also corroborates the US-based findings (Erickson et al., 2012). 
The context may be of particular importance (Liu et al., 2015). For example, different water pricing conditions or the application of water-use restrictions in times of drought, which incentivise or enforce conservation, could raise the attractiveness of this technology. The short-term savings following actual logons particularly suggest MHOW as an effective approach in times of water crisis in which individual information via a portal could be promoted alongside awareness campaigns via other media. 
Specific enhancements to the portal design and wider program could improve its overall acceptance, usage, and impacts. While the MHOW study involved a relatively low engagement strategy, a more highly visible launch or marketing communication efforts might have created additional engagement.
5.2 Study limitations 
The MHOW study had several limitations. Various technical issues were experienced and only rectified later during the trial. Logger communication issues initially meant data could not always be uploaded as scheduled. This may have impacted portal usage negatively with updated data unavailable for viewing. Postal and email login reminders were consequently delayed. Initial issues were also experienced with alerts not being sent. It is, therefore, plausible that the usage and impacts of MHOW could potentially be greater than experienced in this trial. At the same time, the particular (voluntary) sample may have had greater interest in the opportunity to receive online feedback and been more forgiving of the initial technical issues.
5.3 Implications for future research 
Further research on the role for online household water-use feedback portals is required. First, more work is needed to understand how to promote engagement and what are the reasons for user inactivity. Perhaps specific barriers can be overcome to reach certain population segments. Alternative mediums might be required. To illustrate, registration for alerts by phone (rather than online) helped to increase participation. Stimulating users’ engagement also remains challenging. Most users logged in relatively infrequently during the first year. The interactive ‘My Budget’ and ‘My Pledges’ features targeted antecedent strategies of goal-setting and commitments, but were only used by a minority. The question therefore remains as to other ways to motivate interest (Liu et al., 2015) and engage users, including gamification or social networking functions (Erickson et al.,2012), or involving end-users in the design.  
A second question relates to where MHOW-type feedback technology might be of most use; especially if continuous and widespread engagement are challenging. Further research should explore the specific role for MHOW under supply constraints (e.g. drought). Ideally, this should be undertaken with a large-scale deployment with varying approaches to engagement that replicates the analysis in this study and explores impacts with a wider demographic.
A third opportunity lies in expanding MHOW into an integrated household online platform incorporating other relevant data (e.g. weather data), other forms of consumption feedback (e.g. household energy) and/or with additional practical functions (e.g. billing; other water-related services). Greater technology acceptance, participation and responses among household consumers may, therefore, be promoted by suitably increasing the levels of information, functionality and interactivity provided. 
5.4 Conclusion 
In this study, the MHOW online portal was used to provide detailed online water consumption feedback to householders in near real-time. The analysis of impacts using smart meter data collected for one year pre- and one-year post intervention contributed towards wider calls for longer term research into consumption feedback. Analysis of smart water meter data for water-savings with portal login data further enabled a novel exploration of the duration of impacts. The results showed active portal users achieved significant water-savings relative to the control group in the short-term (i.e. lasting. six weeks) following specific acts of logging on to the portal. This result suggests that, in addition to providing ongoing consumption data available for households to access whenever required, water-use feedback provision via the MHOW online portal could have a particularly important role to play under urgent short-term supply constraints (e.g. drought). 
More extensive and continuous engagement remains a key challenge for water utilities and policy makers and future research is needed to maximise the involvement of end-customers in the opportunities for improved water-use management afforded by the age of smart water metering. Further research is specifically required in terms of promoting household user engagement, understanding the potential role for online feedback portals in varying contexts (e.g. drought) and in suitably expanding online portal functionality. 
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Table 1. Water consumption savings relative to when households last logged in to MHOW: significant effects last up to 42 days.

	Term
	Parameter estimates (L/hh/d)
	Confidence %
	P value %

	(Intercept)
	150.5±43.8
	99.99
	<0.01***

	Average Control Consumption
	0.7±0.1
	99.99
	<0.01***

	Active Participant Consumption (for last login range of days)
	(0,14]
	-54.1±37.9
	99.49
	0.52**

	
	(14,28]
	-68.3±47.1
	99.55
	0.45**

	
	(28,42]
	-57.6±48.0
	98.11
	1.89*

	
	(42,56]
	-18.0±50.1
	51.79
	48.21

	
	(56,70]
	-20.5±51.6
	56.42
	43.58

	
	(70,84]
	26.1±55.2
	64.64
	35.36

	
	(84,98]
	-45.7±58.2
	87.63
	12.37

	
	(98,112]
	-39.3±58.4
	81.30
	18.71

	
	(112,126]
	-86.4±60.2
	99.51
	0.49**

	
	(126,140]
	-43.9±67.1
	80.01
	19.99

	
	(140,154]
	-91.3±70.9
	98.84
	1.16

	
	(154,182]
	1.7±49.9
	5.31
	94.69

	
	(182,210]
	37.3±51.0
	84.85
	15.15

	
	(210,252]
	-5.7±50.1
	17.56
	82.44

	
	(252,294]
	227.7±58.6
	99.99
	<0.01***

	
	(294,336]
	83.7±60.3
	99.35
	0.65

	
	(336,378]
	63.4±78.1
	88.83
	11.17


Note: The last login range of days (0,14] means households that last logged on to MHOW somewhere between 0 and 14 days ago (inclusive). 
Dependent variable: Active participant consumption on a given day.  
Model: (Intercept), Average control group consumption, range_0_14, range_14_28, range_28_42, …, range_336_378 (where range_X_Y are 0, 1 dummy variables for specific periods of time incorporating when households last logged in).
* p < 0.05, ** p , 0.01, *** p , 0.001. 




Figure captions 
Figure 1. MHOW online portal – Dashboard, My Usage, and Ways to Save screens. 
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