RESIDENTIAL END USESOF WATER

Prepared by:
Peter W. Mayer and William B. DeOreo
Aquacratft, Inc. Water Engineering and Management
2709 Pine St.
Boulder, CO 80302

Eva M. Opitz, Jack C. Kiefer, William Y. Davis, aBgnedykt Dziegielewski
Planning and Management Consultants. Ltd.
Box 1316
Carbondale, IL 62903

John Olaf Nelson
John Olaf Nelson Water Resources Management
1833 Castle Drive
Petaluma, CA 94954

Sponsored by:
AWWA Research Foundation
6666 West Quincy Avenue
Denver, CO 80235

Published by the
AWWA Research Foundation and
American Water Works Association



RESIDENTIAL END USESOF WATER
EXECUTIVE SUMMARY

Where is water used in single-family homes? Howclmwater is used for toilets,
showers, clothes washers, faucets, dishwashersalammdher purposes? What component of
total use can be attributed to each specific wasarg device and fixture? How does water use
vary across single-family homes? What are theofacthat influence single-family residential
water use? How does water use differ in househedgspped with conserving fixturesPhe
Residential End Uses of Water Sudy (REUWS) was designed to help answer these and othe
guestions and to provide specific data on the eseb wof water in single-family residential
settings across North America.

The “end uses” of water include all the places wheater is used in a single-family
home such as toilets, showers, clothes washergetigulawn watering, etc. Accurately
measuring and modeling the residential end usegatér and the effectiveness of conservation
efforts has been the Achilles heel of urban wpalanning for many years. Understanding where
water is put to use by the consumer is criticabiinfation for utilities, planners, and conservation
professionals. Empirical evidence of the effectegnof specific conservation measures can be
used to improve the design of conservation programascan provide justification for continued

support of conservation efforts.

RESEARCH OBJECTIVES

The American Water Works Association Research Faton (AWWARF) and 22
municipalities, water utilities, water purveyorsater districts, and water providers funded this

study. Goals of this research included:

* Providing specific data on the end uses of wateesidential settings across the continent.
» Assembling data on disaggregated indoor and outaees.
» Identifying variations in water used for each fodwr appliance according to a variety of

factors.



» Developing predictive models to forecast residénteter demand.

This report represents a time and place snapshbbwfwater is used in single-family
homes in twelve North American locations. Simtlag and differences among "end uses" were
tabulated for each location, analyzed, and summdriz Great care was taken to create a
statistically significant representative sample coistomer for each of the twelve locations.
However, these twelve locatiorsse not statistically representative of all North American
locations.

Although a concerted effort was made to recrug@esentative sample of households at
each location, some households chose not to gaateci While this may place some limits on
the statistical inferences and generalizations wldan be drawn from the data, it does not
diminish the contribution made by these data torawimg understanding of residential water
use.

Analyses are presented for each of the particigatities individually and for the pooled
sample of 1,188 households. Creating national wede "averages” was not an objective of this
study. The pooled results are presented for susni@ad comparative purposes alone. Two
major contributions of this study are demonstratimg feasibility of identifying and measuring
the different ways households use water and dasgrénd analyzing variations in water used
for specific purposes between different householdsmed with this insight, individual water
utilities interested in reducing water demandsingle-family homes now have a better tool to
assess their own conservation potential.

The diversity of the water use data found over thelve locations illustrates the
importance of utility specific information on howdividual behavior influences home water use.
However, a striking conclusion of this report ighesimilarities between these twelve locations
in the amount of water fixtures and appliances uEbe range in the amount of water used by
hardware such as toilets, washing machines, sheads) dishwashers, faucets, and fixture leaks
is now documented and surprisingly similar - sugggsthat this portion of the data has
significant "transfer" value across North Americ@he predictive models developed as part of
this study to forecast indoor demand significaimigrease the confidence in explaining the water
use variations observed. The major benefit of riiegas to provide a predictive tool with a

high transfer value for use by other utilities.
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APPROACH

The project team developed a multifaceted appromchaccomplish the research
objectives set out for this study. After invitai®were sent to utilities and water providers
across the United States and Canada, 12 studyvsitesteered to participate and partially fund
this research. These 12 study sites were: Baul@elorado; Denver, Colorado; Eugene,
Oregon; Seattle, Washington; San Diego, Califorme@anpa, Florida; Phoenix, Arizona; Tempe
and Scottsdale, Arizona; the Regional MunicipatifywWaterloo, Ontario; Walnut Valley Water
District, California; Las Virgenes Municipal WatBistrict, California; and Lompoc, California.

A detailed and rigorous workplan to obtain datarfreach study site was developed by
the project team. Data collected from each stugyiscluded: historic billing records from a
systematic random sample of 1,000 single-familadeed residential accounts; household level
information obtained through a detailed mail surwgnt to each of the selected 1,000
households; approximately four weeks of specifimdm the end uses of water collected from a
total of 1,188 households (approximately 100 padtsite), data collection was divided into
two, two-week intervals spaced in time to attenoptdpture summer (peak) and winter (off-peak
mostly indoor water use) time frames; supplememtdrmation including climate data and
information specific to each participating utility.

In this study, water consumption for various endsug/as measured from a significant
sample of residential housing across North Ameusiag compact data loggers and a PC-based
flow trace analysis software. A flow trace is aawl of flow through a residential water meter
recorded in 10 second intervals which providesiaefit resolution to identify the patterns of
specific fixtures within the household. The flovade analysis software disaggregates this
virtually continuous flow trace into individual watuse events such as a toilet flush or clothes
washer cycle and then an analyst implements sigmatessing tools to assign fixture
designations to each event.

The data assembled for this research effort inclu#desizable residential water use
database containing nearly one million individuatater use “events” collected from 1,188
residences in the 12 study sites; extensive holsédnel information obtained through the mail
survey completed by approximately 6,000 househdadsd, historic water billing records from

12,000 residences. All of this information wasletied to provide answers to many long
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standing questions about how much and where wateséd in the residential setting and to
provide estimates of the savings available froniouer conservation measures.

In addition to presenting the findings from theadesllection effort, the project team also
developed predictive models which incorporateddéiled end use information and household
level socioeconomic data.

A research study of this magnitude must rely omardety of assumptions which are taken
as "givens". It is recognized that changes in sofrteese assumptions could impact the results,
but the limits of the project scope and funding wad allow exploration of some of the following

factors:

The accuracy of the billing consumption historiesvided by participating utilities
The accuracy of mail survey responses

The timeframe of monitoring capturing "represengdtindoor water use for each home

e

Capturing the precise weather related use wittemtbnitoring timeframe needed to analyze

the variables associated with outdoor use

RESEARCH FINDINGS

The primary goal of this study was to provide speaata on the end uses of water in
residential settings across the continent. Theraptishment of this and the other stated goals of

the REUWS are summarized in the findings below.

Annual Use
Average annual water use, based on historic biltexprds from approximately 1,000

accounts in each of the 12 study sites, ranged 86100 gallons per household per year in
Waterloo and Cambridge, Ontario to 301,100 gallpes household per year in Las Virgenes
MWD. The mean annual water use for the 12 combsited was 146,100 gallons per household
per year with a standard deviation of 103,500 gall@and a median of 123,200 gallons
(n=12,075). Across all study sites 42 percentrofual water use was for indoor purposes and
58 percent for outdoor purposes. This mix of indaod outdoor was strongly influenced by

annual weather patterns and, as expected, sitéstirclimates like Phoenix and Tempe and
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Scottsdale had a higher percentage of outdoorage 67 percent) while sites in cooler, wetter
climates like Seattle and Tampa and Waterloo hachnhawer percentages of outdoor use (22 —
38 percent). The net annual ET requirement fdrgrass ranged from 15.65 inches in Waterloo

to 73.40 inches in Phoenix, Tempe, and Scottsdale.

Daily Per Capita Use

Per capita daily indoor water use was calculatedetch study site and for the entire
study using data logging results from 28,015 cotepllobgged days to calculate water
consumption and mail survey responses to courmtuh@er of people per household. Across all
1,188 study homes in the 12 study sites the mearcggta indoor daily water use was 69.3
gallons (including leakage). Results are showniguies ES.1. Toilet use was calculated at 18.5
gallons per capita per day (gpcd), clothes waskernwas 15.0 gpcd, shower use was 11.6 gpcd,
faucet use was 10.9 gpcd, leaks were 9.5 gpcdsbedine 1.2 gpcd, dishwasher use was 1.0
gpcd, and other domestic use was 1.6 gpcd. Metoirper capita use in each study site ranged
from 57.1 gpcd in Seattle, Washington to 83.5 gpddugene, Oregon.

Liters Per Capita Per Day
0 100 200 300 400 500 600

Dishwasher [0

Bath 7[|1.2

Other domestic 7[| 16
Leak 7:| 95

Faucet 7:| 109

Shower 7:| 116

Clothes washer 15.0

Toilet 7:| 185
INDOOR | 69.3
OUTDOOR | 100.8
UNKNOWN 7[|1.7
TOTAL | 1718 |
0 2‘0 4‘0 6‘0 8‘0 160 1£o 1;10 1230 180

‘Gallons Per Capita Per Day

Figure ES.1 Mean daily per capita water use, a@yssites
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The relative percent of per capita water usedridoor purposes across all twelve study

sites is shown in Figure ES.2.

OTHER DOMESTIC BATH
2.2%

LEAK
13.7%

CLOTHES
WASHER
21.7%

DISHWASHER
1.4%

TOILET

26.7%
FAUCET

15.7%

SHOWER
16.8%

Figure ES.2 Indoor per capita use percent byfetli2 study sites

L eaks

In the REUWS it was found that a small number ombe were responsible for the
majority of the leakage. While the average da#wkiage was 21.9 gallons, the standard
deviation was 54.1 indicating a wide spread indhta. The median leakage rate was only 4.2
gallons per household per day. Nearly 67 percétiieostudy homes leaked an average of 10

gallons per day or less, but 5.5 percent of thedwlmaked an average of more than 100 gallons
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per day. Saying it another way, 10% of the horogged were responsible for 58% of the leaks
found.

In the 100 data logged homes with the highest geedaily indoor water use, leaks
accounted for 24.5 percent of average daily udeesé& top 100 homes averaged 90.4 gallons per
day (gpd) of leaks compared with 21.9 gpd for thigre 1,188 home data logged group.

Clothes Washers

A total of 26,981 loads of laundry were recordeerae 28,015 logged days during the
study. Across all 1,188 logged households in tB&JR/S, the average loads of laundry per day
was 0.96 (this includes the 26 logged homes wheglonted they did not have a clothes washer
on the mail survey). The mean daily per capitahel® washer usage across all households was
15.0 gpcd.

The average volume per load of clothes was 40.@rgalwith a standard deviation of
12.2 and a median volume of 39.8 gallons. SevBwypercent of the observed loads were
between 25 and 50 gallons. The range in volumégates the variety of clothes washers in
service which includes extra large top loading nraehand low volume horizontal axis washers.
Also influencing the distribution is the tremendousnber of wash settings available on modern
clothes washers. Users are often able to indiVligaajust the size of the load, the number of

cycles, the water temperature, etc.

Fixture Utilization

The data collection technique employed in the REUMV&Ie it possible to calculate
mean daily fixture usage for toilets, showers, lebst washers, dishwashers, baths, faucets, etc.
Study participants across all 12 study sites fldsie toilet an average of 5.05 times per person
per day. The participants took an average of 8hwers and baths combined per person per
day. Clothes washers were run an average of 8¥%tper person per day and dishwashers
were run an average of 0.1 times per person per &aycet utilization was calculated in terms
of minutes per capita per day rather than as ataouiaucet uses per day. Study residents ran

their faucets an average of 8.1 minutes per capitalay.
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ULF Toilet Savings

Of the over 289,000 toilet flushes recorded durihg two year end use monitoring
portion of the REUWS, 14.5 percent of the flushesemMess than 2.0 gpf, 34.7 percent of the
flushes were between 2 and 3.5 gpf, and 50.8 pevesne greater than 4 gpf.

Of the 1188 data logged homes in the REUWS, 1@ g8ccent) used ULF toilets almost
exclusively. This number was determined by fidtalating the average flush volume for each
study residence. Homes with an average volumdlpehn of less than 2.0 gallons over the 4
week data logging period were classified as “ULFybhomes meaning that while they may
have other units, they use ULF units almost exeklgi The 101 “ULF only” homes used an
average of 24.1 gallons per household per day (fjpdpilet purposes. The residents of these
homes flushed the toilet an average of 5.04 tineegpprson per day and used an average of 9.5
gpcd for toilet purposes.

Another 311 study homes (26.2 percent) were foongave a mixture of ULF and non-
ULF toilets. These homes were distinguished bynting the number of toilet flushes which
used less than 2.0 gallons per flush. Homes #hatskx or more ULF flushes (and who were not
part of the "ULF only" group were placed in the Xexl" toilet group. Homes with a mixture of
ULF and non-ULF toilets used an average of 45.4fgpdbilet purposes. The residents of these
homes flushed the toilet an average of 5.39 tineepprson per day and used an average of 17.6
gpcd for toilet purposes. The remaining 776 sthdgnes we placed in the “non-ULF” group.
The “non-ULF" study homes averaged 47.9 gpd fdet®i Residents in these homes flushed an
average of 4.92 times per person per day and usewverage of 20.1 gpcd. The net potential
savings when comparing “ULF only” homes from thisidy to the "non-ULF" homes is

therefore is 10.5 gpcd.

L F Shower Savings

So called "Low Flow" shower heads are designeckstrict flow to a rate of 2.5 gpm or
less. By calculating the modal shower flow ratedach shower at each study residence it was
possible to separate homes which always showerégeitow-flow range (LF houses), homes

which occasionally showered in the low flow ranixed houses), or homes which showered
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exclusively above the low flow range (Non-LF hoysefbout 15 percent of the study homes
showered in the low flow range exclusively, 60.4ceat occasionally showered in the low flow
range, and 24.5 percent showered exclusively attw/®w flow range.

The LF shower homes used an average of 20.7 gp8.8rgpcd for showering, while the
non-LF shower homes used an average of 34.8 gpd&aBdypcd. However, the duration of the
average shower in the LF shower homes was 8 miau@s80 seconds, 1 minute and 48 seconds
longer than the average shower duration in the lforiromes which was 6 minutes and 48

seconds.

Peak Use

At the end of the data collection effort of the REB, 28,015 complete days of data
(also called “logged days”) were collected from 1h&88 participating study homes. Frequency
distributions of the peak instantaneous flow ratsesved during each of the logged days for
each study house were developed. The frequentybdison, shown in Figure E.S.3 shows the
observed peak instantaneous flow irrespective diewase category (indoor and outdoor).
Typically the highest flows in the single-familytsieg occur during irrigation and lawn watering
or when re-filling a swimming pool. The peak floveed only have been observed for a single
10-second interval to be included in these analyses

The majority (more than 85%) of water meters usetthis study were 5/8 inch or % inch
in size. The peak flow capacity of a 5/8 inch meéteapproximately 25 gpm and the peak flow
capacity of a % inch meter is approximately 35 gphine largest water size meter used in this
study was a 1 % inch meter (quite unusual in thgleifamily sector). This size of meter has an
approximate peak flow capacity of 100 gpm. Becalases without any water use were excluded
from this analysis, a total of 27,579 logged danss iacluded in this distribution. The highest
peak flow recorded in this study was 64.63 gpm.e hhean peak flow was 8.23 gpm, the
standard deviation was 5.02 gpm, and the mediak fi®& was 6.71 gpm. More than 90% of

the recorded peak instantaneous flows were lessahaqual to 15 gpm.
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Hourly Use

In the REUWS, because the start time of each weterevent was stored along with the
volume, duration, flow rate, etc. it was possilesum the volume of water used during each
hour of the day and develop figures showing howdter use patterns. The time pattern of
overall residential water use followed a classiurm@l pattern shown in Figure ES.4 with four

distinct typical characteristics:

a. Lowest usage during the night (11 p.m. to 5)a.m
b. Highest usage in the morning (5 a.m. to 11)a.m.
c. Moderate usage during the midday (11 a.m.dor6)
d. High evening usage (6 p.m. to 11 p.m.)
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This same diurnal pattern in overall water use al@erved in all 12 study sites.
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Figure ES.4 Hourly use patterns, 12 study sites

Indoor and outdoor use both followed diurnal pattesimilar to the overall pattern, but
with some important differences. Outdoor use raimge steeply at 5 a.m., several hours earlier
than the morning increase for indoor use whicheased at 7 a.m. Outdoor use decreased
significantly from 10 a.m. until 5 p.m. while indoase reached a peak a 9 a.m. and decreased
slowly until 4 p.m. Outdoor use achieved a secongaak in the early evening from 6 p.m. to 9
p.m. Indoor use increased slightly from 6 p.m.1@ p.m. before decreasing for the night.
Indoor use was extremely low from 1 a.m. to 5 a.m.

When divided into component end uses, the hourtiepaof indoor use presents a set of
separate curves of usage as shown in Figure EEhB.largest component piece of indoor use,
toilets, follow a diurnal pattern a morning peakvieen 7 a.m. and 10 a.m., moderately high use

from 10 a.m. to 5 p.m., an evening peak from 5 ponll p.m. and lowest usage from 11 p.m. to
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5 a.m. Clothes washer usage peaks a little later toilet usage, from 9 a.m. to 1 p.m. Washer
use remains high from 1 p.m. to 9 p.m. and thetirdesc steeply overnight when it is virtually

non existent until 8 a.m. when it ramps up towah#smorning peak. Shower usage has a very
high peak in the morning from 6 a.m. to 11 a.m. #ah decreases significantly during the day
until 6 p.m. when there is a smaller peak whichtiooes until 11 p.m. Faucet usage is the only
large indoor use which peaks in the evening fropam. to 10 p.m. Faucet use during the day is

fairly consistent after a morning peak from 7 aonll a.m.
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Figure ES.5 Indoor hourly use patterns, 12 stuteg s

End Use Models

The end use models developed for this study consiome previous beliefs and offer
additional insights about the time-series and esessional phenomena that affect water use.

These models also point out important relationshipetween specific end uses and
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socioeconomic factors obtained through the maivesur This represents the first time that
differences in water use at the end use level Heen attributed to causal factors related to
weather, climate, price, and socioeconomic chanattes.

Interpretation of the modeling effort include ttwldwing relationships between the end

uses of water and various socioeconomic factors:

Toilet Use

The model estimation results for toilet flushingifio household size to be an important
indicator of water use for toilet flushing. The deding result suggests that a one percent
increase in household size would be expected togbabout a seven-tenths of one percent
increase in water use for toilet flushing. Sinoeaddition to household size would typically be
much larger in percentage terms (e.g., an addd@famne more person to a two person household
is a 50 percent increase), the marginal impactdireg another person is quite large. However,
the model estimates suggest that the impact onrwatefor toilet flushing depends on the age
group of the new addition. The results imply thia addition of non-adults increases use for
toilet flushing at a lower rate than the additidran adult. The amount of water used for toilet
flushing is negatively related to the number ofspais employed full-time outside of the home.
For those employed outside the home, some flusitihgme is replaced by flushing at work.

The size of the house in square feet can be imtEgras a surrogate for standard of
living and may also be indicative of the numbetmlets at a residence. Results indicated that
water use for toilet flushing increases with theesof the house. On average as a group, renters
were shown to use about 10 percent more watepiiet flushing. Those who irrigate and those
who have swimming pools were shown to use morerveat@verage for toilet flushing.

The toilet use model showed a statistically sigaifit, yetinelastic price effect. A one-
percent increase in marginal price was estimatdda to a 0.15 percent decrease in water use.
The model estimates indicated that the amount eémesed for toilet flushing depends on the
time of year. For instance, households logged fBaptember to November systematically used
about 12 percent more water than those who wegetb@ the winter.

The set of binary variables for the decade in whioh home was built showed an

interesting pattern. Results suggest that homisibuhe 1950s and 1960s were more likely to
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have been retrofitted with new, more efficientldts and that homes built in the 1990s were
installed with efficient toilets. One may deducen these findings that homes built in the
1970s and 1980s may be better targets for reteofit ultra-low-flow toilet (ULFT) rebate
programs.

The model verified that ULFTs reduce water usagaudé¢holds for which logging traces
indicated all ultra-low-flow events used 40 percésgs water for flushing than other sample
households. Evaluated at the mean usage for holds#tat are not completely retrofitted (47.9
gallons per household per day allocated to toil¢its3 implies an average water savings of 19.2
gallons per household per day for the completetpfigted group, given the effects of the other
variables in the model. In per capita terms, thasislates to a water savings of 7 gallons per
person per day. Consistent with this finding, watse for toilet flushing is shown to decrease
with the survey-reported fraction of toilets theg af the ultra-low-flow variety. The coefficient
of this variable suggests that fully retrofitteduseholds on average use about 10 percent less
water for toilet flushing than households that hallenon-conserving devices, everything else
held constant. Adding this measurement to thengavimplied by the ULT-only coefficient

suggests total average savings from complete t@itaifit of about 9 gallons per capita per day.

Shower and Bath Use

The number of persons per household was a signiffeator in determining the amount
of water used for showers and baths. Water usshiowers and baths increased with household
size and children and teens used incrementally nvater for showers and baths than did adults.
In addition, shower and bath use increased withnimaber of persons employed outside the
home, suggesting a higher frequency of use forethdso must prepare for work. Shower and
bath use was positively related to household incahmugh the response to changes in income
was estimated to be small.

Those who rent, on average used more water for etsoand baths. Irrigators also
displayed more water use for showers and baths dichmon-irrigators. The estimated price
elasticity of shower and bath use was greater thaprice elasticity for toilets and suggests that

a one percent increase in price will bring abo0t3 percent decrease in water use.
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Households that reported having all low-flow shdwesds on average used about 9
percent less water for showers than householdsatigahot completely retrofitted (everything

else held constant).

Faucet and Water Treatment System Use

Faucet use is strongly and positively related tosetold size. The model suggests that
small children add less to total faucet use thamedos and adults. Similar to the toilet model,
faucet use is negatively related to the numbereogns working outside the home. Faucet use
is positively related to household square footagech may act as a surrogate for the number of
faucets in the home. Marginal price is positiveiated to faucet use, though the marginal price
coefficient is not significant from a statisticargpective. As might be expected, faucet use is
lower for those who have an automatic dishwashaucét use displays a negative relationship
with the reported fraction of showerheads thatdréhe low-flow variety. This may imply a

tendency for households to install faucet aeratdrsn they retrofit their showerheads.

Dishwasher Use

Household size is a prominent variable for exptagndishwasher use. Unlike the other
indoor models, no distinct effects were detectedtie number of teens or children. However,
dishwasher use is negatively related to the nurobgrersons employed full-time outside the
home. Dishwasher use is shown to be responsivaeatginal price, with an estimated price
elasticity of -0.27. Dishwasher use is also slighesponsive to household income, with an
estimated income elasticity of 0.11. Finally, heluslds that reported conserving behavior
related to indoor use (such as washing fuller dagher loads) used about 7 percent less water

for dishwashing.

Clothes Washer Use

Consistent with the other models for indoor endsu$®usehold size has a strong and
positive influence on the amount of water used dtmthes washing. Clothes washer use

increases incrementally with the number of teemsdi in the household and the number of
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persons working full-time outside the home. Theffioient of the marginal price variable
retains a positive sign, but is not statisticaigngficant. Clothes washer use is positively teth

to income, however the coefficient on income alsovgs relatively low statistical significance.

Outdoor Use

Outdoor use is taken as the sum of logged useaddidcto irrigation and swimming
pools. Since nearly all sample households repdddak irrigators, while only a small number
had swimming pools, the impact of pool use was oreasusing a binary (0/1) variable in the
outdoor model for presence of a pool. On averagmes with swimming pools are estimated to
use more than twice as much water outdoors tharesamithout swimming pools, everything
else held constant.

Outdoor use displays a relatively strong and peasitelationship with home square
footage. Inasmuch as this variable acts as a gatedor standard of living, this is consistent
with the notion of a higher ability to pay for thisore discretionary use. As expected, the
amount of water used for outdoor purposes (primanigation) is positively related to the size
of the lot (another potential proxy for standardliging) and the percentage of the lot that is
irrigable landscape.

The following are other specific interpretations tbé results of the outdoor end use

model:

» Homes with in-ground sprinkler systems use 35 pergere water outdoors than those who
do not have an in-ground system

* Households that employ an automatic timer to coérneir irrigation systems used 47
percent more water outdoors than those that do not

* Households with drip irrigation systems use 16 @etramore water outdoors than those
without drip irrigation systems

» Households who water with a hand-held hose usee8&ept less water outdoors than other
households

» Households who maintain a garden use 30 percerd mater outdoors than those without a

garden
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* Households with access to another, non-utility, ewatource displayed 25 percent lower

outdoor use than those who used only utility-swggpbivater

Finally, outdoor use is found to be relatively sews to the marginal price of water. The
estimated price elasticity of —0.82 for outdoor uselarger in magnitude than the price
elasticities that have been estimated for otherumad. This finding is consistent with the belief

that outdoor use is more discretionary and theeefaore price elastic than indoor water uses.

Leaks

Many variables were found to explain the variantdeiakage rates. The quantity of
water attributable to leaks increased with tempeest and decreases with precipitation.
Accounting for the effects of the other variableshe model, higher leakage was registered for
households logged during the winter months.

The quantity of water leaks showed a statisticaignificant relationship with both the
marginal price for water and the marginal price $ewer. Results imply that a one-percent
increase in the marginal price of water will leada 0.49 percent decrease in the amount of
leakage, while a one-percent increase in the malrgirnce of sewer will lead to a 0.12 percent
decrease in the amount of leakage. These findiegs to verify that higher prices lead to some
degree of voluntary leak detection and correctiodvith regard to correcting leaks, renters as
group had a lower amount of leakage than non-rent@his may confirm the expectation that
landlords seek to minimizing costs.

Following a pattern consistent with the indoor amgks, the amount of leakage was
positively related to the number of persons in asetold, but negatively related to the number
of people working full-time outside the home. Tdmount of leaks were shown to increase with
the number of toilets in the home.

Leakage was found to be higher in homes that weileib the 1970s and in households
that use a sprinkler system that is attached t@#nden hose. Leakage is found to be generally
lower for households that use drip irrigation systemssa a hand-held hose for watering and for
those who have reported taking behavioral and tdolgical actions to save conserve water
outdoors.
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