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Preface 
In 2007, BRANZ completed the Water End-use and Efficiency Project (WEEP), which 
looked to collect water-use data from 12 households in Kapiti (Heinrich, 2007). The 
following year, the experimental approach was repeated for Watercare for 51 houses in 
the Auckland Water Use Study (AWUS) (Roberti, 2010).  

This project looked to build on these studies to collect new residential water-use data 
from around the country using current data collection methodologies.  

A separate BRANZ study report investigating residential water tariffs in New Zealand 
(Garnett & Sirikhanchai, 2018) was also completed as part of this overall project. 
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Abstract 
There is limited information available on how water is used in New Zealand homes. 
Previous BRANZ work has been restricted to small numbers of households in particular 
geographical areas. This study invited participation from councils and water supply 
authorities from around the country, and a widespread 66-household sample was 
obtained. 

The data collected for each household was the total water use collected at 10-second 
intervals, which was complemented with an occupant survey and a detailed inventory 
of water-using appliances and fittings from within the home.  

With the water data being collected at a high rate, there is the potential that machine-
learning techniques could be used to estimate which water appliances and fittings were 
being used within the home. Colin Whittaker, Teresa Scott and Kobus van Zyl from the 
Department of Civil and Environmental Engineering at the University of Auckland have 
been investigating this possibility and have reported on this in a separate report.  

The median water use for the sample was 159 litres per person per day for winter and 
231 litres per person per day for summer. The average water use over the winter and 
summer periods was 34% and 26% respectively higher than the median water use due 
to a number of households with high water use having an undue influence on the 
average value. 
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Study Report SR469 Residential water use in New Zealand 

iii 

Contents 

EXECUTIVE SUMMARY .................................................................................... 1 

1. INTRODUCTION ..................................................................................... 3 

 Background to residential water use ....................................................... 3 

 Opportunities for better management ..................................................... 3 

2. PREVIOUS STUDIES ............................................................................... 6 

 New Zealand household water-use studies .............................................. 6 

2.1.1 WEEP – Kāpiti Coast ................................................................... 6 

2.1.2 AWUS – Auckland ....................................................................... 7 

3. METHODOLOGY ...................................................................................... 9 

 Objectives ............................................................................................ 9 

 Study approach ..................................................................................... 9 

 Sample selection ................................................................................. 11 

4. RESULTS AND DISCUSSION ................................................................. 14 

 Total water use ................................................................................... 16 

 End-use extraction .............................................................................. 21 

 Water Efficiency Labelling Scheme ........................................................ 21 

 Water uses ......................................................................................... 22 

4.4.1 Toilets ..................................................................................... 22 

4.4.2 Showers ................................................................................... 23 

4.4.3 Dishwashers ............................................................................. 24 

4.4.4 Hand basin taps........................................................................ 24 

4.4.5 Washing machines .................................................................... 24 

4.4.6 Other water uses and sources .................................................... 25 

5. OUTCOMES ........................................................................................... 27 

REFERENCES ................................................................................................ 29 

APPENDIX A: END-USE ANALYSIS ................................................................ 32 

A.1 Trace Wizard ................................................................................. 32 

A.2 Identiflow ..................................................................................... 32 

A.3 HydroSense .................................................................................. 33 

A.4 BuntBrainForEndUses ..................................................................... 33 

A.5 General artificial intelligence methods ............................................. 33 

APPENDIX B: LESSONS FROM THE DATA COLLECTION ................................ 34 

B.1 Equipment installation .................................................................... 34 

B.2 Battery life .................................................................................... 36 

B.3 Data file management .................................................................... 36 

B.4 Data formats ................................................................................. 37 

APPENDIX C: SURVEY DATA ......................................................................... 39 

 

  



Study Report SR469 Residential water use in New Zealand 

iv 

Figures 

Figure 1. Map of the council and water supply authorities participating in this study. ... 2 

Figure 2. Example of a WELS label. .......................................................................... 4 

Figure 3. Summer water end-uses from Kāpiti. ......................................................... 7 

Figure 4. Winter water end-uses from Kāpiti. ............................................................ 7 

Figure 5. Summer water end-uses from Auckland. .................................................... 8 

Figure 6. Winter water end-uses from Auckland. ....................................................... 8 

Figure 7. Map showing the council areas participating in this study. The purple areas 
show the councils that included the installation of high-resolution water 
metering while those in blue involved surveying only. ................................... 12 

Figure 8. Graph of daily data availability for each household (ID label on the left). .... 15 

Figure 9. Histogram of the daily winter water use per house. ................................... 16 

Figure 10. Histogram of daily winter water use per house per person. ...................... 17 

Figure 11. Histogram of the summer daily water use. .............................................. 18 

Figure 12. Histogram of summer daily water use per house per person. ................... 18 

Figure 13. Various areas within the section area. .................................................... 19 

Figure 14. Histogram of the section areas for the sample. ....................................... 19 

Figure 15. Daily water use in summer and winter compared with the overall section 
size of the property. ................................................................................... 20 

Figure 16. Daily water use in summer and winter compared with the overall section 
size of the property for section sizes under 1500 m². .................................... 20 

Figure 17. Comparison of summer water usage with winter water usage. ................. 21 

Figure 18. Histogram of the number of toilets per household. .................................. 22 

Figure 19. Histogram of the number of showers per household. ............................... 23 

Figure 20. Histogram of the number of uses of showers per week. ........................... 23 

Figure 21. Histogram of the number of hand basin taps per household. .................... 24 

Figure 22. Histogram of the age of washing machines. ............................................ 25 

 

Tables 

Table 1. Regional breakdown for the intended water-use sample (sample size), surveys 
returned (surveyed), houses instrumented with high-resolution meters 
(instrumented) and those that provided some reliable data (with data). ......... 10 

Table 2. WELS star ratings for toilets. .................................................................... 22 

Table 3. WELS star ratings for hand basin taps. ...................................................... 24 

Table 4. WELS star ratings for washing machines. .................................................. 25 

Table 5. Types of irrigation systems. ...................................................................... 26 

Table 6. Rain tank sizes. ....................................................................................... 26 

 

 



Study Report SR469 Residential water use in New Zealand 

1 

Executive summary 

This project looks to update residential water-use information with a nationwide 
measurement of water use from households from around the country. Participation 
was invited from all councils and water supply authorities. However, a number of 
regions with larger populations chose not to participate while regions with smaller 
populations were more likely to be included. A map of those participating is shown in 
Figure 1. The regions with smaller populations also tended to have poorer cellular 
coverage, and with other data collection issues (see Appendix B), the overall sample 
size was smaller than originally planned with measurements completed from 66 
households. 

The average water use observed was:  

• 213 litres per person per day for winter 
• 292 litres per person per day for summer. 

The distribution of daily water use is skewed with many households with higher water 
use. A ‘typical’ household is more likely to be better represented by the median (middle 
value when the values are ordered) than the average.  

The median water use observed was:  

• 159 litres per person per day for winter 

• 231 litres per person per day for summer. 

The median water use should be more routinely reported than the average water use. 

The dataset includes measurements of water use at 10 second intervals and small 
water flows. This high-resolution data allows post processing to be completed on the 
data such as estimating the water end-uses present with the data (see Appendix A). 

This end-use disaggregation was not able to be completed within this project but the 
data has been passed on to Colin Whittaker, Teresa Scott and Kobus van Zyl from the 
Department of Civil and Environmental Engineering, Faculty of Engineering at the 
University of Auckland to investigate the potential to determine the end-uses from 
advanced data processing. 

A survey was completed by each household, which provided a range of information on 
the occupants, their water-using appliances/fittings and how these appliances/fittings 
are used. 

Many respondents were not aware of the Water Efficiency Labelling Scheme (WELS) 
star rating of their appliances/fittings. The appliance with the highest proportion of star 
ratings known was the washing machine with 18% of homeowners aware of the star 
rating.  

The washing machine is an appliance type that has changed considerably since the 
AWUS study (Roberti, 2010) where less than 6% of households had a front-loading 
washing machine. This project has seen the ownership of front-loading washing 
machines increase to 36%. As front-loading washing machines can have much lower 
water consumption than top-loading washing machines, this could represent a good 
water savings potential. 
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Less than 10% of the households had a rain tank of any size, so there remains a large 
potential to increase the number of rain tanks present. 

The amount of water used for outdoor irrigation can be large. Around 28% of homes 
had a sprinkler system with these roughly split between automatic and manual 
systems. 

 

Figure 1. Map of the council and water supply authorities participating in this study. 
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1. Introduction 

Freshwater is plentiful in New Zealand by international standards. A water 
management road map from NZIER (Kaye-Blake, Schilling, Nixon & Destremau, 2014) 
reported that New Zealand has the fourth-highest per capita water availability among 
OECD countries after Canada, Iceland and Norway. This is believed to be due to New 
Zealand’s small population and the abundance of national water resources. However, it 
has also been stated that “New Zealand is fast discovering that freshwater is not an 
unlimited resource … most regions have at least one river (surface water) or aquifer 
(groundwater) that is either fully or over allocated, or likely to become so” (New 
Zealand Business Council for Sustainable Development, 2008, pp 3–4). 

Demand for freshwater is increasing for a variety of reasons. Other than hydroelectric 
generation, irrigation is the main consumptive use of freshwater (Booker & Henderson, 
2019). It has been subject to strong growth in part due to a change of pastoral farm 
that has seen a 69% increase in dairy cattle from 1994 to 2015 while seeing a 41% 
decrease in sheep numbers (Ministry for the Environment, 2017). The total national 
irrigated land has increased by around 70% between 2002 and 2017 with the total 
irrigated land in Canterbury and Otago comprising close to 80% of total national 
consents (Ministry for the Environment, 2017). 

 Background to residential water use 

Residential water use is supplied by both council and council-controlled organisations. 
Currently, central and local government are involved in an extensive three waters 
consultation process,1 which will review how drinking water, wastewater and 
stormwater are supplied throughout the country. 

Water New Zealand undertakes the National Performance Review annually, which 
reports on drinking water, wastewater and stormwater services provided by the various 
council or council-controlled organisations. The 2019–2020 National Performance 
Review (Water New Zealand, 2020) indicated that water use had increased over the 
proceeding 5 years and that a total of 5.6 × 108 m³ of water was supplied in 2019/20.  

Pressures on residential water use are likely due in part to an increase of overall 
population. New Zealand’s population grew 17% from 1996 to 2012, driving a 10% 
increase in urban land area (Ministry for the Environment, 2017).  

This report does not focus on a supply-side response to these pressures but instead 
looks at quantifying water use for residential users. Measuring water use at an 
individual household level may assist with understanding some of the issues for 
residential water demand management, which is briefly discussed in the remainder of 
this section. 

 Opportunities for better management 

The New Zealand Water Efficiency Labelling Scheme (WELS) was updated in 2017 
(Ministry for the Environment, 2019) and looks to provide water efficiency information 
to consumers at the point of sale for washing machines, dishwashers, toilets and 
urinals, showers and taps. 

 
1 www.dia.govt.nz/three-waters-review   

http://www.dia.govt.nz/three-waters-review
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This information is presented in the form of a label (Figure 2) that is similar to the 
energy rating labels used for electrical appliances. This label is either affixed to the 
appliance or attached as a double-sided label. This labelling scheme is closely aligned 
to the scheme that runs in Australia. 

 

Figure 2. Example of a WELS label. 

The building industry has a key role in enabling good water demand management. 
Plumbers install and often specify or recommend the major water-using devices in the 
home such as the toilets, showers and tap fixtures (Conder, 2008) and therefore have 
the potential to set the overall water efficiency of the home. These choices are subject 
to a number of trade-offs (most notably cost) so making them visible would be 
beneficial. Some examples of increasing the visibility of the water efficiency choices 
may be to leave the WELS labels on toilets, washing machines and dishwashers in a 
new home. This would make the new homeowners aware of the level of water 
efficiency of these items. Another way would be to undertake an environmental rating 
scheme such as Homestar2 to recognise the water efficiency features of the home. 

In addition to water efficiency, reducing the water drawn from the water service 
provider can also be achieved by the householder using rainwater harvesting or by 
maximising the use of water via greywater recycling (Conder, 2008). 

The New Zealand Building Code does not provide any information on what good 
performance is and only sets a minimum performance level (James, Saville-Smith, 
Saville-Smith & Isaacs, 2018). Having information available on the water efficiency of 
the building would be beneficial as well as programmes to encourage higher levels of 
water efficiency.3 Previous attempts to limit hot water use (primarily motivated by 
energy efficiency) were abandoned when the public was not supportive of the added 
regulation (Pollard, 2010). 

Water metering and volumetric charging are common water demand management 
techniques. Water metering is now present in more than half of all New Zealand homes 
(Water New Zealand, 2020), and a variety of pricing mechanisms are in place (Garnett 
& Sirikhanchai, 2018). The beneficial experiences of implementing water metering and 
volumetric charging for a number of councils have been documented frequently (Water 

 
2 www.nzgbc.org.nz/Homestar 
3 www.branz.co.nz/sustainable-building/up-spec/water-management/  

http://www.nzgbc.org.nz/Homestar
http://www.branz.co.nz/sustainable-building/up-spec/water-management/
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New Zealand, n.d.; Lawton, Birchfield & Wilson, 2008; Stewart, 2009; Controller and 
Auditor-General, 2018). Once water meters are in place, greater levels of water 
management are possible. This can be from external parties that could compare water 
use between households, which could allow for the use of social norms to encourage 
water conservation (Schultz et al., 2016). The water-use information could also be 
used by the occupant to help them understand their own usage and potentially help 
them identify leaks. 

Collected data from water meters at sub-hourly intervals using data loggers or as part 
of an integrated smart meter allows for a much-enriched analysis of water use to take 
place (Cominola, Giuliani, Castelletti & Rizzoli, 2015). This could include examining the 
overnight usage for signs of leaks, the comparison of usage during weekdays and 
weekends and, where the data collection is sufficiently resolved, data on individual 
water-using events leading to identifying the end-uses present within the home (see 
Appendix A).  

Currently, knowledge on how water is being used in New Zealand homes is limited. 
There have been few data collection projects and only limited numbers of households 
included in such studies. As data collection technologies improve, there will be 
increasing opportunity to collect more-accurate water data from more households and 
to improve the overall understanding of residential water use.  
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2. Previous studies 

 New Zealand household water-use studies 

In the mid-2000s as BRANZ was completing its first detailed study of energy use in 
New Zealand homes (Isaacs et al., 2010), there was interest in undertaking similar 
studies with a focus on water use in homes.  

In 2005, Beacon Pathway was planning the NOW Home, a demonstration home that 
would include many sustainability features (Bayne, Jaques, Lane, Lietz & Allison, 
2005). The home was designed with water-efficient appliances and low-flow fittings 
and also included a 13,500 litre rainwater tank, which was integrated into the 
household plumbing. This home would be occupied by a regular family and would be 
instrumented to measure the water-use characteristics of the home.  

The initial intention for the measurements was to record the total water use drawn 
from the council supply as well as the water supplied from the rain tank. As the house 
was under construction, the ability to place additional water meters into each water 
line was reasonably straightforward, enabling the recording of all the water end-uses 
individually. These meters were generally within the roofspace of the NOW Home. The 
meters were wired back to a data-acquisition system, which recorded the 24 water 
uses at 1-minute intervals.  

The results of the NOW Home are published in several reports by Beacon Pathway 
(French, Heinrich, Jaques, Kane & Pollard, 2007; Pollard, French, Heinrich, Jaques & 
Zhao, 2008). 

Currently, Watercare is working with Fletcher Living to develop a pilot water efficient 
home called the 1.5-degree home.4 This pilot will look to achieve MBIE’s water-use 
target of 75 litres/person/day (Ministry of Business, Innovation & Employment, 2020) 
using a variety of monitoring and water-saving technologies. 

2.1.1 WEEP – Kāpiti Coast 

While data from a single home can be instructive and provide interesting insights, the 
value of end-use data projects is magnified when multiple houses are included in the 
sample. The first multi-home study of water use conducted by BRANZ was the Water 
End-use and Efficiency Project (WEEP). This project studied 12 residential homes on 
the Kāpiti Coast (Heinrich, 2007). 

The measurement approach used for the NOW Home was not suitable for use in 
WEEP. Placing water meters into existing water lines would be very time consuming, 
expensive and a major inconvenience for the homeowners.  

A review of international approaches to water end-use studies (Heinrich, 2006) led him 
to look to instrument each home with a well-resolved water meter (34.2 pulses per 
litre) and to record the water use at a high time resolution (10 second intervals) during 
selected winter and summer periods. Specialised computer software (Trace Wizard)5 is 
then used to pattern match characteristic appliance water-use shapes with the 
resulting overall water-use curve determining the end-use breakdown of the water use. 

 
4 https://www.linkedin.com/posts/watercare-services-limited_imagine-tracking-your-carbon-

and-water-footprints-activity-6917660144969416704-7S90/  
5 https://aquacraft.com/data-downloads/trace-wizard/  

https://www.linkedin.com/posts/watercare-services-limited_imagine-tracking-your-carbon-and-water-footprints-activity-6917660144969416704-7S90/
https://www.linkedin.com/posts/watercare-services-limited_imagine-tracking-your-carbon-and-water-footprints-activity-6917660144969416704-7S90/
https://aquacraft.com/data-downloads/trace-wizard/
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The Trace Wizard program was able to resolve the total water use into a variety of end 
uses including indoor taps, showers, washing machines, toilets, dishwashers, bathtubs, 
outdoor irrigation and leaks. End-use classification is discussed further in Appendix A.  

In the Kāpiti study, the maximum water use per person was higher in summer than the 
maximum use in winter, with on average an additional 35 L being used per person. 
However, indoor water use for summer was nearly identical with the winter indoor use, 
with the main difference being outside usage. During summer, outside usage 
accounted for 22% of the total water usage – three times the amount used during 
winter. The majority of outside usage was for irrigation. However one household out of 
the 12 surveyed was responsible for 57% of the total irrigation water use. Graphs for 
the distribution of the summer and winter water use are shown in Figure 3 and Figure 
4 (Heinrich, 2006). 

 

Figure 3. Summer water end-uses from Kāpiti. 

 

Figure 4. Winter water end-uses from Kāpiti. 

2.1.2 AWUS – Auckland 

Having obtained a small number of households in Kāpiti with end-use data in the WEEP 
project, various Auckland water agencies, including Watercare, sought to undertake a 
similar study with a larger sample based in Auckland. BRANZ was contracted to roll this 
out as the Auckland Water Use Study (AWUS) with a total of 51 households selected. 
Graphs for the distribution of the summer and winter water use are shown in Figure 5 
and Figure 6. A detailed report was produced for Watercare and the six local network 
operators, and a summary and discussion of the study was given to the SB10 
Conference in Wellington (Roberti, 2010).  
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Figure 5. Summer water end-uses from Auckland. 

 

Figure 6. Winter water end-uses from Auckland. 
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3. Methodology 

 Objectives 

From the previous studies of water use in New Zealand, a number of issues were 
identified. 

Having measured water-use data alongside the characteristics of the home and 
occupants is key to informing how water is being used in the residential sector. While 
water supply authorities can readily install water meters and the associated data-
collection equipment at the property boundary, additional information on the property 
(section size, size of garden, building footprint), the water-using appliances (numbers, 
types) and the occupants (number of household members, ages, income) enriches the 
data considerably but requires a specific data-collection process. 

Currently, the number of households that have had water end-use monitoring has 
been small with limited national representation. End-use studies have only been 
undertaken in Kāpiti (Heinrich, 2007) and Auckland (Roberti, 2010).  

Having water data recorded at multiple times per day for extended periods of time 
allows usage patterns to be examined such as the nature of overnight usage or the 
differences between weekday and weekend usage. 

These studies have highlighted the importance of outdoor irrigation, but the 
measurement approach for both studies was to only take a snapshot view of water use 
in a summer period and a winter period. The understanding of outdoor irrigation would 
benefit from longer periods of monitoring where the duration of the watering session 
could be examined for a range of households. 

The role and nature of non-useful water-use events (leaks) within homes is not well 
understood. These can take many forms – background low-volume events, 
progressively increasing events, which may take time to be noticed, or high-volume 
events following significant breakage of pipes, which may not be readily apparent. 

 Study approach 

Collecting measurement data from houses is a long and expensive process. There is a 
persistent trade-off between the level of information collected about a single household 
and the number of households than can be included within the study. More information 
can always be collected from an individual household with more equipment, longer 
occupant surveys or detailed inspections from assessors, but this will limit how many 
households this could be applied to. Conversely, if a very large sample is used, only 
broad measures of water use and occupant characteristics can be considered and the 
findings will be more non-specific. 

To deal with these scale issues, this project sought to have a multi-level approach. A 
large representative household survey would be matched to council metered water-use 
data. This large sample was not a focus for the project, and with the difficulty in 
obtaining consistent water-use data, this level of the project did not proceed. A smaller 
sample would use the survey information alongside daily metering that would be 
installed, and a targeted sample would use the survey information alongside high-
resolution metering (recording changes of volumes of less than 30 mL) collected at 
very short intervals (10 seconds) to allow for end-use estimates to be made.  
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A large cost for measurement projects is the instrumentation and data collection 
associated with them. Often, a limiting factor for the reuse of the equipment is that 
various meters or sensors need to be installed by specialists 
(plumbers/electricians/gasfitters) and is generally time consuming. 

This project was a departure for BRANZ in that it sought to partner with water supply 
authorities who would purchase appropriate metering and engage with a data provider 
who would supply water-use data from these meters that would then be shared with 
BRANZ. BRANZ would combine the data, provide feedback to the water supply 
authorities and provide a collective report.  

Having the water supply authorities provide the metering was intended to share the 
costs of the project but would also provide the water supply authorities with equipment 
that they would be able to reuse or redeploy as they saw fit.  

Unfortunately, this approach proved to be problematic and had major ramifications. 
This caused much effort to be redirected into equipment management and data 
cleaning. This resulted in major variations to the scope of the project. In order to 
provide more insights into water use, rather than detail what went wrong within the 
project, the narrative of project issues encountered is provided in Appendix B rather 
than within the main body of this report.  

A detailed high-resolution sample of around 300 households was desired. The 
population proportions of each water supply authority were considered, and 
appropriate sample size breakdowns for each region determined, as shown in Table 1.  

Table 1. Regional breakdown for the intended water-use sample (sample size), 
surveys returned (surveyed), houses instrumented with high-resolution meters 

(instrumented) and those that provided some reliable data (with data). 

Region 
Sample 

size 
Surveyed Instrumented With data 

Auckland 86 98 26 26 

Canterbury 47 25 11 9 

Wellington 39 71 6 4 

Waikato 31 17 3 2 

Bay of Plenty 21 42 12 10 

Otago 15 4 2 2 

Hawke’s Bay 11 0 0 0 

Nelson/Tasman/Marlborough 10 8 0 0 

Manawatu/Whanganui 9 29 7 7 

Taranaki 8 23 11 2 

Northland 7 16 7 4 

Southland 6 2 1 0 

Gisborne 3 6 0 0 

West Coast 3 0 0 0 

Overall 296 341 86 66 

 

An additional 300 households were intended to be included in a companion sample 
that would use water data on a daily basis. The collection of daily data by the main 
data provider was not successful, and while some data was available from the other 
data providers, this level of the project was not investigated further. 
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 Sample selection 

The selection of houses was completed in conjunction with the local water supply 
authority. Information on the participation rates is not available as only successful 
participation details were collected.  

Surveys were completed from households within a total of 29 of the 65 water supply 
authorities. A regional breakdown of this is shown in Table 1. Some of those surveyed 
intended to participate in the daily metering sample, thus the total number surveyed 
exceeds the desired sample size.  

Where the selection only involved a few households, an ad hoc selection process may 
sometimes have been applied. For example, as new metering had to be installed at the 
site, households were sometimes selected from those properties for which pipes or 
metering were being replaced. Alternatively, some households may have come to the 
attention of the water supply authority for other reasons such as concern about their 
water use. 

A survey form was sent to the household to self-complete and return. The survey 
covered a broad range of topics. It looked to identify how much water the household 
used and the water-using appliances (toilets, showerheads, baths, taps, washing 
machines, hot water systems and dishwashers) within the home, identifying some of 
their important characteristics. The survey also asked questions regarding the size of 
the property and the areas taken up by the house and garden as well as how the 
outdoor areas were irrigated. Basic demographic questions were asked for the 
occupants of the home as well as the ownership status and household income. The 
survey forms used are shown in Appendix C. 

As the survey was self-completed, the quality of the replies varied. Many questions 
were not answered as intended, and many parts of questions were skipped over. The 
first question of the survey asked householders to estimate how much water they 
thought their household uses each day and how this estimate was made, and provided 
six lines for an answer. This could seem quite intimidating to a general respondent 
with the large amount of space suggesting that a thorough answer was required. For 
areas where water metering was undertaken, this was often completed with 
information from the rates/water invoice with little discussion. For areas where there 
was no water metering, the answers were more varied. Some made estimates that 
were quite unrealistic, and often the question was not answered. Previous surveys of 
attitudes to water use suggest that New Zealanders do not have a sense of how much 
overall water they use or which uses are important (Ministry for the Environment, 
2009).  

From the surveyed households, 86 households were instrumented for high-resolution 
water metering. Many of the remaining survey households instrumented for daily water 
metering did not participate further in the study (see Table 1 for a regional breakdown 
of these instrumented households).  

A number of issues from the instrumented houses meant that data from only 66 
houses was able to be used for this report. Again, a regional breakdown of these 
households is shown in Table 1. 

While it was intended to have all of the houses with survey data complete the survey, 
a number of the households for which high-resolution water metering took place did 
not complete the occupant survey or could not be matched to a survey response. 
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Overall, 57 households completed both the survey and had high-resolution water 
metering undertaken on their homes (Figure 7). 

As the study looks to relate water use to surveyed factors, the survey analysis for this 
report is restricted to the 57 households that also had water-use data available.  

 

Figure 7. Map showing the council areas participating in this study. The purple areas 

show the councils that included the installation of high-resolution water metering 

while those in blue involved surveying only.  

The data from the surveys was entered into Microsoft Excel using a flat structure. 
Responses for some questions that expressed a range for a value were imputed with 
the mid-point of the range to allow for quantitative analysis to be undertaken. For 
example, a range was often provided for the number of showers taken per week. 

The responses for certain questions also included a variety of units even if a single unit 
was requested. For example, the section area was requested in square metres but was 
also given in hectares and acres. These other units were converted into the requested 
unit at the time of data entry. 
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The survey also revealed some inconsistencies. The hot water system section asked if 
the hot water system was mains pressure or low pressure. The next question was 
intended to identify what type of low-pressure system was present – a pressure-
reducing valve or a header tank. Many surveys indicated that the house had mains 
pressure hot water but then also indicated a means of pressure reduction. 

The responses for each question were examined across the sample and errors 
corrected where identified. For variables such as the section area that had a number of 
outlier values, the outliers were examined in detail, making reference to property 
valuation records to confirm the size of the property.  

As is common with participatory surveys, the number of retired households was overly 
represented within the residential water-use sample. The sample also had an under-
representation of those households who rented their home.  
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4. Results and discussion 

It was intended to collect 1 year of water meter data from each of the measured 
households. As was previously noted (see Appendix B), there were issues with the data 
collection, which has resulted in many gaps in the data.  

Figure 8 gives a graphical indication of the daily data availability for each household 
(shown on the vertical axis). The households are arranged in chronological order for 
date of the data. The household with the earliest starting date is shown at the top of 
the graph with the household with the latest starting data at the bottom.  

Red colours show daily data that is 100% complete, and yellow colours show daily data 
where there is a low fraction of the data available for that day. Days that have 0% 
data present, are shown in a pale yellow, which looks very similar in colour to white. 
The areas of Figure 8 that are white are either before the start of data collection or 
after the end of data collection for that particular household. 

Overall, the average difference between the end of data collection and the start of data 
collection for the 66 houses was 368 days. However, there were many periods within 
the data-collection period where no data was being collected, so the average duration 
of available data for each household was 74 days. 

Ideally, the timings of the data-collection periods for the households would be 
concurrent. However, the installations occurred at different times – for example, 
depending on the water supply authority involved. Consequently, this made it difficult 
to select particular periods – like summer – due to data interruptions. 
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Red shows periods of full data availability White indicates periods before or after data collection for that household. Yellow indicates periods when the 

data collection was unreliable. 

Figure 8. Graph of daily data availability for each household (ID label on the left). 
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 Total water use 

Total water-use data from 66 households was collected. The interval of data collection 
varied as did the degree of missing data within the data files.  

A winter period was taken as the average of the June data where this information was 
available. If the data for June was not available, an adjoining month (May or July) was 
used in its place. If these adjoining months had insufficient data, no estimate for the 
water use was made. Overall, 51 of the 66 households had winter water use identified. 
A histogram of the daily winter water use per household (Figure 9) shows a skewed 
distribution with two pronounced high outliers over 2000 L/day.  

 

Figure 9. Histogram of the daily winter water use per house. 

The average daily water use was 544 L/day with a standard deviation of 467 L/day, 
which equates to a coefficient of variation of 0.86. The coefficient of variation is the 
standard deviation divided by the mean and represents a scaleless unit of variation. 

As the distribution of water use is skewed, the median (the middle value when the 
data is ordered) will provide a better measure of central tendency than the mean. The 
median for the winter daily data shown in Figure 9 is 435 L/day with a median absolute 
deviation (a robust replacement for the standard deviation) of 319 L/day.  

As water use is seen as being driven by occupants, it is typical to consider the metric 
of daily water use per occupant. This metric provides a number of challenges to use 
with long-term measurement data. While the occupants may be surveyed and the 
numbers identified at the start of the monitoring, it is conceivable that the number of 
occupants will change over time. While this could be temporary (such as being away 
on holiday for a number of weeks), there could also be permanent changes (such as 
occupants moving out of the household). Ideally, an exit survey would be undertaken 
to determine a more-accurate indication of the number of occupants during the data-
collection period. However, this was not undertaken as there was no fixed end date for 
the overall study. In addition, some data loggers stopped collecting data before the 12-
month monitoring period was complete.  

For the 51 houses with winter data, only 42 had occupant information. If we restrict 
the dataset to these 42 households, the average winter daily water use was lower at 
506 L/day (or a median winter daily water use of 432 L/day) with a lower spread 
within the data (standard deviation of 368 L/day, coefficient of variation of 0.73 and a 
median absolute deviation of 319 L/day).  
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A histogram of the daily water use per occupant (Figure 10) shows a sharper peaked 
distribution, with many values occurring between 75 L/pp/day and 225 L/pp/day but a 
long tail of higher values. The extreme values seen in Figure 9 are less pronounced.  

 

Figure 10. Histogram of daily winter water use per house per person. 

The average per person water use for the winter period was 213 L/pp/day with a 
standard deviation of 150 L/pp/day (which has a coefficient of variation of 0.70). The 
median winter per person water use was 159 L/pp/day with a median absolute 
deviation of 84 L/pp/day. 

Previous work has often reported on the ‘average’ (mean) water use. This has 
sometimes been erroneously equated to ‘typical’ usage. The average is overinfluenced 
by high water users and gives a value that is higher than typical (median) usage. The 
median is the middle value of the data and as such will be less influenced by the high 
values. The median will more accurately represent typical values. The typical value of 
the winter daily water use per person as reported above is roughly 25% lower than the 
average value. 

Advice to homeowners should reference typical usage and should therefore work with 
median water usage. Calculating the median values requires access to the individual 
unit data – the initial water use for each household and the number of occupants. The 
average value, however, can be calculated from the total water use, which is then 
divided by the total number of occupants. The total water use will also measure any 
water losses that are occurring within the water network before the household’s water 
meter, which will further increase the average water use as compared with the typical 
water use. 

The summer period was taken as an average of December. Summer data is more 
problematic as many people take summer holidays, which is often seen in the water 
data as periods of zero usage. There were a number of data collection problems with 
the summer data (see Appendix B), so only 34 households had summer water-use 
information.  

A histogram of the average daily water use from the 34 households for the summer 
period is shown in Figure 11. The average summer daily water use is 735 L/day with a 
standard deviation of 597 L/day, reflecting a coefficient of variation of 0.81. The 
median summer daily water use of 504 L/day is appreciably lower than the summer 
average water use, indicating the higher usage cases affecting the average. The 
median absolute deviation was 408 L/day, again smaller than the standard deviation. 
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Figure 11. Histogram of the summer daily water use. 

Comparing the winter and summer distributions, it appears the summer distribution 
has a greater number of high values (four cases over 1500 L/day from a sample of 34) 
as compared with the winter usage (two cases over 1500 L/day from a sample of 51). 

This summer average reflects an increase of 35% over the winter average while the 
summer median was only an increase of 16% over the winter median. 

Matching of the occupant numbers from the survey also reduced the number of cases 
present down to 27 for summer daily water. The summer water use also reduced to an 
average to 690 L/day with a standard deviation of 553 L/day (coefficient of variation 
0.80). The 27 matching households had a median summer water use of 484 L/day with 
a median absolute deviation of 420 L/day. 

The summer daily per person data is shown in Figure 12. The average water use per 
person over summer is considerably higher than for winter with an average of 292 
L/pp/day and a standard deviation of 242 L/pp/d (0.83) with two high outliers (783 
L/pp/d and 1241 L/pp/d) present within the data. The median summer daily per person 
usage was 231 L/pp/d with a median absolute deviation of 114 L/pp/d. 

 

Figure 12. Histogram of summer daily water use per house per person. 

This summer median reflects an increase of 37% over the winter median, which is 
similar to the percentage increase seen for the summer mean over the winter mean. 
However, the summer median per person was a 45% increase over the winter median 
per person water use.  

27 
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It is expected that increased irrigation during summer is a driver for the increase in 
water use. The survey did ask a number of questions regarding outdoor irrigation 
including the area of the section, the area of the footprint of the house and the area of 
garden. The difference between the section area and the house and garden area was 
indicated as ‘other areas’ (Figure 13). While the survey asked for the area in square 
metres, areas were also given in hectares and acres. 

 

Figure 13. Various areas within the section area.  

The survey was ambiguous as to what the nature of the ‘other areas’ were. Some 
respondents proportioned the section area completely between the house and the 
garden, leaving no area for the ‘other areas’. Other responses with a large section area 
only indicated a small area of garden, leaving it unclear what the large area of ‘other 
areas’ comprised of. The lawn was indicated as part of the garden area but does not 
appear to have been included in that area by particular respondents. It is unclear from 
the survey and the respondents whether the ‘other areas’ were irrigated or were 
impermeable surfaces or a combination of both.  

The house area was also somewhat ambiguous as some respondents presumably gave 
the total floor area of the home including any second storeys, as the subtraction of the 
house and garden area from the section area gave a negative result.  

In order to examine the nature of the impacts of irrigation, the section area is used as 
the least-ambiguous measure of irrigated area. A histogram of the available data from 
52 sites is given in Figure 14. There is clearly one section of 6978 m² that is much 

larger than the other sections, but there are two other large sections (of sizes 2000 m² 

and 2400 m²) that are disjointed from remaining sections. While the average section 
size is 905 m², the median section area of 695 m² is a better representation of the 
typical section size. 

 

Figure 14. Histogram of the section areas for the sample. 
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The average daily water use (for both summer and winter) is plotted against the 
section area in Figure 15. As the section size doesn’t change for a household, the two 
points for a household representing summer and winter use will be at a particular 
value of the section size (imaginary vertical line connecting points). This graph displays 
the summer and winter data independently so there are some circumstances where 
only one water-use value for a household is displayed such as the winter value for the 
household with a section size of 2000 m². Also the values for the household with a 
section size of 2400 m² are interesting in that the summer usage for this household is 
less than the winter usage for this household. 

 

Figure 15. Daily water use in summer and winter compared with the overall section 

size of the property. 

Figure 15 is dominated by the large section areas so the detail present in this graph is 
not easily distinguished. Figure 16 excludes the data from the three largest properties, 
providing a better view of the data. 

 

Figure 16. Daily water use in summer and winter compared with the overall section 

size of the property for section sizes under 1500 m². 

The three largest properties provide a contrast. The largest property has a very high 
summer water use of 2480 L/day. However, its winter water use, while still quite high 
at around 966 L/day, is comparable to other households with much smaller section 
areas. This household is in a metered and volumetrically charged area. The second-
largest property has consistently high water use for both winter and summer with the 
added quirk that winter water use is actually higher than summer water use. This 
household is in an urban area that does not have metering in place. The third-largest 
property represents a bit of an unknown as summer water use information for this 
household was not able to be collected. Water use for the winter data was high at 804 
L/day. The household is in a metered rural area that undertakes volumetric charging. 
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It is likely the best estimate for summer water use is winter water use – a scatter 
graph of these two values is shown in Figure 17. A straight line through these data 
points would account for around 65% of the variation present within the data. 
Transforming this data by taking logarithms would improve the variation described up 
to 82%. 

 

Figure 17. Comparison of summer water usage with winter water usage. 

 End-use extraction 

Understanding the drivers of water use within a home is typically improved by better 
understanding the components or end uses for the water use. Typical end uses include 
toilets, showers, taps, dishwashers, washing machines, leaks and outdoor irrigation. 
Appendix A provides a brief introduction to end-use extraction methods.  

In the previous WEEP (Heinrich, 2007) and AWUS projects (Roberti, 2010), the Trace 
Wizard software program was used to provide these end uses. Attempting to apply the 
Trace Wizard program to the current study presented several difficulties. In order to 
assign water use to various end uses, a site visit is required to complete an audit of 
appliances and fittings. This visit would collect the characteristic drawn-off (signature) 
patterns for each appliance one at a time. A trial of the audit visits was conducted in 
one region. The spread-out nature of the sample together with the longer than 
expected time to use the Trace Wizard tool meant that it was not practical to use Trace 
Wizard for the full sample. 

Through discussions with Water New Zealand and various other stakeholders, the 
value of including the water end-use information for this dataset was reinforced.  

Colin Whittaker, Teresa Scott and Kobus van Zyl from the Department of Civil and 
Environmental Engineering at the University of Auckland had previously been provided 
with example data to evaluate for their research. They are now investigating the 
potential to extract end-use information using a variety of approaches and have been 
provided with the full residential water-use dataset. This work will be publicly reported 
separately (Whittaker, Scott & van Zyl, 2022). 

 Water Efficiency Labelling Scheme 

The Water Efficiency Labelling Scheme (WELS) began development in Australia in 2005 
(GHD, 2006) and was adopted in New Zealand regulations in 2010 with a later update 
taking place in 2017 (Ministry for the Environment, 2019). 
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The survey forms (see Appendix C) asked respondents what the WELS ratings were for 
their various appliances and fittings.  

The primary purpose of the WELS label is to steer purchasers towards water-efficient 
appliances at the time of purchase. The continued presence of the WELS rating labels 
may have some ongoing benefit of greater awareness of water efficiency and, more 
specifically, the performance level achieved by the labelled appliance. 

While section 4.4 reports on the WELS ratings for each type of appliance, the overall 
number of responses were low. This could be due to many reasons – the appliance 
pre-dated the WELS scheme and was not rated, the WELS label had been removed and 
the householder didn’t remember or know what the rating was or the householder 
didn’t know what the WELS rating referred to and left the answer blank.  

 Water uses 

4.4.1 Toilets 

Survey responses on toilets were received from 56 households. Within these 
households were 107 toilets with the numbers per house shown in Figure 18, which 
shows a peak at two toilets per household.  

 

Figure 18. Histogram of the number of toilets per household. 

Less than 10% of the toilets had a WELS star rating given, with the numbers reported 
in Table 2. As many of the households had multiple toilets, only five households 
reported the WELS star rating of their toilets. 

Table 2. WELS star ratings for toilets. 

 Star rating 

Not reported 3 3.5 4 4.5 

Number of toilets 97 3 0 6 1 

 

Dual-flush toilets were the dominant type with 94 identified. Of the 13 single-flush 
toilets, eight were large with the remaining five small. 

The small numbers of large single-flush toilets together with the large number of dual-
flush toilets is encouraging from a water efficiency point of view. 
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4.4.2 Showers 

Slightly fewer households (53) reported on the number of showers they had. One 
shower per household was the most popular number with the distribution of numbers 
per house shown in Figure 19. Overall, 85 showers were present.  

 

Figure 19. Histogram of the number of showers per household. 

Only three households reported WELS star ratings for the showers with one each 
reported for 1 star, 2 stars and 3 stars. 

The average reported length of water use for each shower was approximately 
7.5 minutes. This average should be used with caution. Often a range of times were 
reported for this duration question (for example, 5–10 minutes) for which a mid-point 
was used. Two of the 53 households also did not answer this question. 

Likewise, the number of uses of the showers per week was also often answered as a 
range of values, and again the mid-point was used in the calculations. Figure 20 shows 
a histogram of the number of uses of the shower per household with a peak of 
between 5–10 uses per shower per week.  

 

Figure 20. Histogram of the number of uses of showers per week. 
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4.4.3 Dishwashers  

Around three-quarters of the homes with survey responses (65 for this question) had a 
dishwasher.  

The average number of loads per week (using the mid-points for any ranges) was 4.6 
loads per week. 

4.4.4 Hand basin taps 

Overall, 56 households had information on hand basin taps. The distribution of the 
numbers per household is shown in Figure 21. 

 

Figure 21. Histogram of the number of hand basin taps per household. 

Again, the WELS star ratings (see Table 3) were often omitted, with only seven of the 
121 taps having a rating value provided. 

Table 3. WELS star ratings for hand basin taps. 

 Star rating 

Not reported 2 3 4 

Number of hand basin taps 114 5 0 2 

 

4.4.5 Washing machines 

Of the 56 households reporting washing machines, 20 (36%) had front-loading 
machines. This represents a major shift in appliance use. For the Auckland Water Use 
Study in 2008 (Roberti, 2010) only 6% of the households had a front-loading washing 
machine.  

The average age of washing machines for the 47 households reporting data was 5.6 
years (see Figure 22).  
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Figure 22. Histogram of the age of washing machines. 

Again, the reporting on the WELS star ratings was low. While the majority of washing 
machines were less than 6 years old, only 10 households reported the WELS star rating 
for their washing machine (see Table 4).  

Table 4. WELS star ratings for washing machines. 

 Star rating 

Not reported 1 2 3 3.5 4 4.5 

Number of washing machines 46 1 1 2 1 2 3 

 

The number of loads per week averaged 5.0 for the 49 households that provided this 
information. Again, sometimes ranges were given in response to this question and the 
mid-point was used for the calculation of the average. 

Front-loading washing machines generally use less water than top-loading washing 
machines, and this change of appliance type over time represents a potential water 
efficiency improvement. Quantifying the size of this improvement would require 
information on the washing machine water end-use within each home, which is being 
further investigated by the University of Auckland (see section 4.2). 

4.4.6 Other water uses and sources 

The increased water use seen in summer in many houses is often attributed to garden 
irrigation.  

The variation between summer and winter water use can be large. Looking more 
specifically at the summer water-use patterns, a number of homes showed extended 
periods of high water use especially in the early mornings, presumably to reduce 
evaporative losses. These are likely due to the operation of sprinkler systems. From the 
54 households reporting data, around 28% of households reported they had some type 
of sprinkler system. As shown in Table 5, these systems were approximately evenly 
distributed between automated systems and manual systems 
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Table 5. Types of irrigation systems. 

None Manual sprinkler Automated sprinkler 

39 8 7 

 

Leakage from within the householder’s side of the water supply is difficult to assess. 
There are a couple of events within the 66-household dataset that indicate significant 
leaks. There is also potential to further examine the detailed time series to see the 
potential effect of small leaks within the home. Leakage is an additional topic that the 
University of Auckland will examine for this dataset.  

In the 57 households with information present, five households (under 10%) indicated 
they had a rain tank. These tanks were varying sizes, as shown in Table 6. These five 
households all used the rainwater solely for garden irrigation.  

Table 6. Rain tank sizes. 

Size of rain tank (in litres) 120 200 480 750 3000 

 

None of the 57 households had a greywater recycling system. 

Other interesting water uses were one household with a 30,000 litre swimming pool 
and three households with spa pools.  
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5. Outcomes 

Data on water use was collected from 66 households from around the country. 

This data consisted of a finely resolved total water use for the household measured at 
10 second time intervals and a survey of the occupants and their water-using fixtures 
and appliances (see the survey forms in Appendix C).  

The average water use observed was:  

• 213 litres per person per day for winter 
• 292 litres per person per day for summer. 

The histogram of daily water use showed a prominent skew with most values occurring 
at values lower than the average water use. The tail of high values was extended with 
many high values occurring within the data. The average would therefore be higher 
than it should be as it would be influenced by these higher values. 

This situation indicates that the average is not a reliable indication of central tendency 
and that the median would be a better measure. The median would more closely 
represent what a ‘typical’ household may use. 

The median water use observed was:  

• 159 litres per person per day for winter 
• 231 litres per person per day for summer. 

This median water use is 25% lower than the average water use in winter, while in 
summer, the median is 21% lower the average. 

The large difference between summer and winter water use has traditionally been 
attributed to summer irrigation. The larger-sized properties did seem to have an 
increased likelihood of being a higher water-using household. 

Rather than using previous assumptions about how water use should be attributed, the 
assignment of water use into end uses (such as toilet, shower, washing machine and 
outdoor irrigation) may provide an insight into how water use has changed or differs. 

Assigning water use to end uses is a difficult process. A number of approaches are 
discussed in Appendix A. The Trace Wizard approach was intended to be used for this 
project. However, with a number of data-collection issues occurring, the end-use 
disaggregation was not completed. 

Colin Whittaker, Teresa Scott and Kobus van Zyl from the Department of Civil and 
Environmental Engineering, Faculty of Engineering at the University of Auckland have 
been provided with the complete residential water use dataset so they can investigate 
the opportunities to determine the end-use disaggregation for the dataset. 

A survey was completed by each household and provided a range of information on 
the occupants, their water-using appliances/fittings and how these appliances/fittings 
are used. 

Many respondents were not aware of the Water Efficiency Labelling Scheme (WELS) 
star rating of their appliances/fittings. The appliance with the highest proportion of star 
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ratings known was the washing machine with 18% of homeowners aware of the star 
rating.  

The washing machine is an appliance type that has changed considerably since the 
AWUS study (Roberti, 2010) where less than 6% of households had a front-loading 
washing machine. This project has seen the ownership of front-loading washing 
machines increase to 36%. As front-loading washing machines can have much lower 
water consumption than top-loading washing machines, this could represent a good 
water savings potential. 

Only five of the 57 households reporting data (less than 10%) had a rain tank of any 
size, so there remains a large potential to increase the number of rain tanks present. 

The amount of water used for outdoor irrigation can be large. Around 28% of homes 
had a sprinkler system with these roughly split between automatic and manual 
systems. 
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Appendix A: End-use analysis6 

Determining how water is used within a home is tricky. Installing separate meters for 
each water use was the approach used in Beacon Pathway’s NOW Home (French et al., 
2007; Pollard et al., 2008), but this method proved to be complicated and costly and 
would not be suitable for existing homes. Using a high-resolution water meter to allow 
for the individual uses of water to be determined from their characteristic usage 
patterns (disaggregation) has been seen as the ‘holy grail’ for efficiency efforts (Armel, 
Gupta, Shrimali & Albert, 2013). Being able to identify the components of water use 
allows for more-appropriate targeting of efficiency and management efforts. 

This appendix provides a brief introduction to a variety of end-use analysis methods 
and concludes with some comments about generic approaches. 

A.1 Trace Wizard 

Trace Wizard analyses water-use data recorded from loggers connected to water 
meters. The water-use data is then disaggregated using Trace Wizard into discrete 
water-use events, calculating critical information such as the volume and flow rate of 
each event. Fixture designations such as “toilet” or “shower” are assigned to each 
water use based on user-defined sets of parameters and recorded as different colours 
on a graph.  

Trace Wizard applies a decision tree algorithm to interpret metered flow data based on 
some basic flow boundary conditions (Cominola et al., 2015). It is suggested that 
analysts use water audits, diaries and sample flow trace data for each household to 
create specific templates that serve to match water end-use patterns depending on 
those basic flow boundary conditions. Individual water end-uses are disaggregated 
based on the developed templates, stock survey audits, diary information and analyst 
experience. 

However, the human resource effort required by Trace Wizard makes the overall 
process extremely time and resource intensive, with the quality of the results strongly 
dependent on the experience of the analyst in understanding flow signatures 
(Cominola et al., 2015). It has been estimated that the classification of 2 weeks of data 
requires approximately 2 hours’ work by the analyst and attains an average 
classification accuracy of 70%. Further, the prediction accuracy is significantly reduced 
when more than two events occur concurrently. Regardless, it “has an edge on 
disaggregation techniques and has been used in several research works and projects” 
(Cominola et al., 2015, p. 6). 

A.2 Identiflow 

The Identiflow system comprises of a flow meter and logger system installed in an 
external meter box and the Identiflow software, which contains an automatic facility 
that assists in identification and classification of micro-component events. An 
interactive facility is also contained, which permits review and refinement of the 
analysis. 

Identiflow does not require calibration for each site, and therefore customers’ 
consumption can be monitored without influencing their behaviour. Identiflow uses 

 
6 This section uses material prepared by Riaan Labuschagne. 
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fixed physical features of various water-use devices such as the volume, flow rate and 
duration to classify the end-use events (Cominola et al., 2015). 

Although Identiflow shows better accuracy than Trace Wizard at 74.8% classification 
accuracy, this strongly depends on the physical features used to describe each fixture 
or appliance measured (Cominola et al., 2015). Also, two different water events are 
likely to be classified into the same category if they exhibit similar physical 
characteristics. Further, there is a risk that Identiflow may fail to classify events when 
old devices are replaced by modern ones as the physical characteristics of the devices 
might be completely different. 

A.3 HydroSense 

HydroSense systems can be installed at any accessible area within a home’s existing 
water (Froehlich et al., 2009, 2011; Larson et al., 2012). The systems can be installed 
with simple screw-on installation points, with no need for a plumber. HydroSense’s 
analysis of pressure provides the capability of sensing both the individual fixture at 
which water is currently being used as well as an estimate of the amount of water 
being used. The sensing of pressure is also less susceptible to ambient noise. 

HydroSense works as a probabilistic-based classification approach, which relies on data 
collected through pressure sensors (Cominola et al., 2015). When water valves are 
opened and closed, a pressure change occurs and a pressure wave is generated in the 
plumbing system. Advanced pattern matching algorithms and Bayesian probabilistic 
models are used to match the pressure wave to a specific end-use event.  

HydroSense has shown high levels of classification accuracy, with 90% accuracy if one 
pressure sensor is used and 94% if two pressure sensors are used (Cominola et al., 
2015). However, the calibration of the algorithm requires an intrusive monitoring 
period as a large number of pressure sensors need to be installed and connected to 
each water device. This limits the viability of HydroSense in a large sample due to the 
costs involved and privacy issues. 

A.4 BuntBrainForEndUses 

BuntBrainForEndUses is a commercial software that can be used for water end-use 
analysis (Pastor-Jabaloyes, Arregui & Cobacho, 2018). It is an online software package 
that offers the possibility of exporting raw flow traces and importing them back after 
some manipulation has been carried out. This allows for developing specialised filters 
and disaggregation algorithms that are independent from BuntBrainForEndUses. The 
results from those filters and algorithms can then be displayed and corrected in the 
online application. 

A.5 General artificial intelligence methods 

In the last few years, there has been an increased interest in applying general artificial 
intelligence techniques to the problem of determining the components of residential 
water use. This is a technical and data-intensive field with a multitude of options. 
Gourmelon et al. (2021) recently published a comparison of various machine-learning 
techniques when applied to the same dataset.  
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Appendix B: Lessons from the data collection 

This project differed from other measurement projects that BRANZ has been involved 
with in that the equipment provision, installation and data collection was intended to 
be largely provided by third parties. 

An extensive stakeholder engagement process was undertaken with members of the 
water supply authorities seeking to have their participation within the project. Their 
participation would involve selecting a sample of properties from within their customer 
base that was in proportion to their population relative to the rest of New Zealand. 
With an overall sample size of 300 high-resolution households throughout the country, 
the numbers for individual council areas ranged from 86 for Auckland to the low 30s 
for Wellington and Christchurch down to one or two for many of the smaller councils. 

Participation request forms and a household survey (see Appendix C) were coordinated 
between BRANZ and the water supply authority.  

The water supply authorities were to purchase recommended water metering (there 
was also provision for equipment to measure daily water use) from the meter/logger 
providers. The water supply authorities were able to increase the number of meters 
deployed in their areas so that more-accurate data could be collected from their 
region. 

The councils were to also contract the data providers to collect the data from the water 
meters and provide this back to the councils on a regular basis. BRANZ would also 
receive a copy of this data from the data providers. Initially, one data provider was 
used, but a second data provider was also used towards the end of the data-collection 
period. The experiences related here primarily relate to the first data provider. One 
water supply authority managed the data collection separately and provided data 
directly to BRANZ. A change in staffing half-way through the data-collection period 
resulted is a change of data format from this water supply authority. 

As is evident from Table 1, there was a drop-off from those households completing the 
surveys and those that were instrumented. One of the reasons for this was that several 
water supply authorities who were happy to participate in the selection and household 
surveying chose not to continue with the study when the meter purchasing and data 
provision contracts were required.  

Overall, the participation from the larger water supply authorities was low. Many of the 
water supply authorities had only one or two high-resolution water meters/loggers 
within their area, which made some of the stakeholder engagement difficult. There 
were a number of times where the point of contact with the water supply authority 
changed with little information about the project passed on to the new contact person. 

B.1 Equipment installation 

The equipment to be installed comprised of a high-resolution water meter with a pulse 
output via a cable. This cable was then fed in to a battery-powered data logger with an 
integrated cellular modem that allowed the data to be transferred back to the data 
providers. The water meter was to be placed on the council side of the property 
boundary in an in-ground meter box. Where an existing meter was in position, the 
high-resolution meter replaced or was placed in series with this meter. 
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The installation of the water meter and data logger was arranged between the water 
supply authority and the meter/data provider. As only a few water meters were 
required to be installed in many areas, most water supply authorities had their own 
staff install the water meters and attach the data loggers. This was a false economy. 
As the council installer typically only did fewer than four installs, they didn’t build up an 
experience with the set-up. As the data logger had a cellular modem within it, it was 
critical that it be securely mounted in an appropriate vertical orientation so that it 
would be able to transmit a reliable signal. The data logger was a tubular shape and 
lacked a documented method (or appropriate attachment hardware) to securely 
position the data logger within the meter box.  

As the data loggers used a cellular connection, it was critical to ensure that data could 
reliably be received by the data provider. The placing of the data logger in a meter box 
in the ground was detrimental to the cellular signal. As many of the smaller 
installations were in remote areas, the cellular signals were often substandard. 

One example of the importance of the set-up arrangements was of a city council that 
had five meters installed across the city. While these meters produced good signals 
with no data interruption at the time of the installation, over the course of a week 
several months later, all of the meters started to have communications problems, the 
signal level dropped dramatically and there were data interruptions despite the battery 
levels for the loggers remaining high. As all these sites were independent, the 
presumption is that an event such as regular meter readings caused these 
communication difficulties. The propping up of the data loggers may have been done 
carefully (but not fixed in a permanent way) at the installation but the disturbance at 
the time of the meter reading may have resulted in the logger falling down and lying 
horizontally in the bottom of the meter box and failing to provide a reliable signal. It is 
important that clear information is given to those engaging with the meters (meter-
reading team) at a later time including signage to reduce the chances of the loggers 
being disturbed.  

The data loggers were supplied with SIM cards that allowed connection to only one 
cellular company. Installation staff were asked to check the strength of the cellular 
connection by using their cellphone (provided that it was for the same cellular 
provider) to determine the strength of connection at the site. Often the installer did not 
have a cellphone for the required cellular provider so this check was omitted 
altogether. The lack of rigour in confirming that the site had sufficient cellular signal 
strength was a weakness of the installation process and resulted in data loss within the 
project.  

The data logger also provided no way for the installation team to test the data 
connection once the installation was complete. This could be a problem with remote 
sites. If the signal received is not very good, if would be useful to identify whether 
making adjustments to the logger positioning could assist. The loggers receive a large 
amount of data, so to ensure that the loggers don’t have their memories fill up too 
quickly, the data loggers were set to upload their data every 6 hours at 00:00, 06:00, 
12:00 and 18:00. The noon upload of data could provide a limited ability to check on a 
morning’s installation in the afternoon, but in reality, checking on the success of a 
meter installation was done a day or two after installation had taken place. 

When data was confirmed as being collected from a site, the site was regarded as 
‘installed’ regardless of the quality of the signal strength. There were a number of 
cases where the data logger would collect data for a short period of time (days or 
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weeks) and then stop. This was presumably from changes in the environment for the 
cellular signal such as the logger falling over or cars being parked near the meter box.  

For locations with a persistent poor cellular signal, there were few mitigation steps 
available. With the data provider being locked in to one cellular provider, there was not 
an ability to see if alternate cellular companies had better coverage at that location. 
The positioning of the logger within the ground in a meter box was also a problem as it 
is not an ideal position for a cellular signal. While the meter had to be placed in the 
ground, it could have been an option to mount the logger (or an aerial attached to it) 
in a higher, more suitable location. The in-field work was also generally carried out by 
the water supply authority, which had limited visibility of cellular signal strengths. 

The two initial sites used originally for testing purposes were in areas with good 
cellular reception. For future projects, testing should be more extensive and include 
more-challenging situations such as areas with marginal cellular reception. 

For future projects, it is also recommended that the confirmation of data being 
received back from an installation is not sufficient for the installation to be regarded as 
complete. Prior to the installation of the data collection equipment, a site should be 
assessed that it will be suitable for the full duration of the experiment. This should 
include signal strength measurements when cellular services are relied upon.  

B.2 Battery life 

It was thought that battery life of the data loggers would not be a problem for the 
duration of the study. The data loggers used a large-capacity lithium battery that was 
not intended to be replaced by the users. The product literature for the logger stated 
that the battery life was in the order of 5 years. However, this lifetime related to the 
unit collecting data at 10 minute sampling intervals. Operating the loggers at 10 
second intervals, as required for the project, had a major impact on the battery life of 
the loggers. Many batteries were depleted after around 8 months of monitoring. A key 
aspect of water use that was to be examined was the change of water use throughout 
the year, and the 8 months of data collected was not sufficient to identify how water 
use was changing over the year or to provide reliable annual water-use figures. Many 
of the meter/logger installations occurring in autumn resulted in the batteries being 
depleted just before the increase in water usage over summer.  

Battery replacement involved disconnecting the logger from the meter and returning 
the logger to the logger/data provider. The battery was of a non-standard type and 
was likely expensive and difficult to obtain. However, a bigger problem occurred with 
the non-functionality of the logger after the battery was replaced. This was a point of 
contention between the logger/data provider and the logger manufacturer with the 
manufacturer refusing to take responsibility for the faulty logger units and blaming the 
logger/data provider. No replacement loggers were provided for loggers that became 
non-functional after the battery was replaced with the sample reducing in size over 
time.  

B.3 Data file management 

The intention of this project was that data management – raw data collection and 
checking that data was coming in from each site and that the data made sense – was 
going to be provided by the logger/data provider on behalf of the water service 
provider and that a copy of the data would be provided to BRANZ to collate for all the 
regions, compare with the occupant survey information and provide a summary report. 
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BRANZ was not a party to the agreements between the logger/data provider and the 
various water service authorities.  

The raw data from the loggers consisted of a text file containing 6 hours of data from 
each logger. The file was named with the logger serial number and a date stamp. At 
the bottom of this text file was a battery percentage and a signal strength indicator.  

While the short files created numerous files (there were over 64,000 files), this in itself 
would not have been a problem. However, the files were quite inconsistent. The fixed 
duration of the monitored period meant that the files should have all been of the same 
size. However, around 8% of the files were bigger than the standard size and around 
9% were smaller. If the logger was unable to transfer the files at the set time, the 
logger would send a larger file at the next 6-hour block.  

A complete file had no header and just had a time stamp, a pulse reading and a 
pressure reading (which was ignored). At the end of the file, the last line would include 
the battery status and signal strength as two additional fields.  

Many of the shorter files had the file line terminate in a random place within the file. 
These files had no battery status or signal strength recorded. Sometimes, the 
interruption occurred part-way through the time stamp introducing a high degree of 
randomness into the process. 

Other problems emerged as the data was examined more closely. Time stamps were 
seen that had dates in the past or the future. Some data had more pulses that the 
meter was physically capable of recording, and there were extended periods of zero 
pulses for some loggers.  

These data collection issues resulted in BRANZ taking a more involved role in 
examining the data from individual households. This included tracking battery levels 
and signal strengths and reporting this back to the water supply authority and the 
meter/data provider.  

Resolving these issues was not always straightforward. While it could be identified that 
data was not being received from a particular site, a visit to the site may not be able to 
identify any specific issue, with the problem with the data being put down to low signal 
strength for the site. These marginal signal strength sites should have been excluded 
early so that more effort could have been focused on those households with a good 
amount of data. 

B.4 Data formats 

The water supply authorities also received copies of the raw data. One council 
commented that this data was not what they were expecting as there was no way to 
automatically filter or summarise the data. While the 10 second time series raw data 
produces far too much data information to immediately feed in to display tools such as 
dashboards or interactive graphics, there is an increasing expectation that this type of 
summary data is available to explore the data. 

One water supply authority did provide the raw data from the data loggers deployed in 
its region. This was initially supplied as a monthly spreadsheet with the data from the 
various households (loggers) as columns with a common timebase in the first column. 

Towards the end of this file, the time was no longer synchronised for some of the 
loggers. This resulted in some of the loggers reporting at 10 second intervals but offset 
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by 5 seconds. This resulted in a timebase that was no longer 10 seconds apart but 5 
seconds apart with extensive blank cells in the data area. These blank cells do not 
represent missing data but indicate that mismatching of the data is occurring. 

Half-way through the data collection at this water supply authority, the person 
responsible for collating the data left. After the handover to the new person, the 
format of the data changed to a weekly text file export. This required a new importing 
process to be developed. While this is straightforward when the structure is simple, 
problems such as the blank data and misaligned timesteps can require additional effort 
to be spent on the data-importing stage. 
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Appendix C: Survey data 

In addition to the water-use measurements within each of the households, the 
households were asked to complete a survey of their water-using appliances and hot 
water systems, details of the property and outdoor irrigation practices as well as 
background information on the occupants. The survey forms used within this project 
are shown on the following pages.
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