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Residential Water Demand: A Micro Analysis Using Survey Data

Gary C. Woodard and Todd C. Rasmussen
Division of Economic and Business Research
University of Arizona, Tucson, AZ 85721

Abstract

Understanding residential water uses is important for forecasting water
iemand. Data from survey questionnaires received from over 2000 Tucson Water
:ustomers are used to analyze individual household water use patterns. Earlier
`.índings by the authors based on aggregate census data are verified and
?xpanded. Initial findings indicate that both indoor and peak outdoor water
iemand, modeled separately, are determined by three factors. The factors are
:ategorized as 1) a demographic component, describing the number of people in
the household and their ages, 2) a wealth component, relating water consumption
to income, home value and certain appliance ownership, and 3) a residency compo-
nent, which includes the age of the home, length of time the household has lived
in the home, and length of time the household has lived in the Tucson area.
Regression analysis indicates that households newer to Tucson consume less water
than otherwise similar households. The analysis also shows that an average
swimming pool consumes substantially more water than a lawn of equal area. Two
actions resulting in reduced indoor water consumption are installing low -flow
plumbing devices and directly paying the water bill. Water conservatión program
strategies based upon these findings are summarized.

Introduction

Increased water demand by the municipal sector is contributing to ground-
water level declines within the Tucson Active Management Area (TAMA). While
groundwater pumpage by the agricultural and mining sectors is constant or
decreasing, municipal pumpage is rapidly increasing. The municipal component of
water demand places a constraint on future efforts to manage the groundwater
reservoir. Continuing research by the Division of Economic and Business
Research in conjunction with Tucson Water, the major municipal water provider
within the TAMA, is increasing the understanding of the ways in which water is
used by municipal customers.

Developing policy alternatives for managing municipal water requires models
of consumer behavior. Water demand is a function of the stock of water -using
appliances and landscaping as well as consumer attitudes toward water conserva-
tion. Efficiencies of water -using devices are subject to technological, bio-
logical, and economic constraints. Conservation behavior may arise from price
incentives or from publicity campaigns exhorting consumers to reduce use for
some community benefit, or both. Attitudinal effects can also be inadvertently
caused by changing community perceptions. For example, a growing appreciation
of the desert environment may instill â conservation ethic in the public;
conversely, fears that the municipality is growing "out of control" may make
conservation seem futile.
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Reductions in per captia water demand can result from current users cutting
back on future consumption; it can also result from future customers using less
than current residents. Separating these effects requires analyzing the differ-
ences in water -consuming behavior between long -term residents of the area and
relative newcomers. A third approach to reducing per capita consumption is
mandating changes in the stock of appliances, plumbing fixtures, and landscaping
through building codes, zoning ordinances, and retrofit incentives.

Regardless of the path chosen, measures of performance must be used to
evaluate whether management programs are producing the desired conservation
results. A baseline study which models current water consumer behavior and
inventories the current stock of water -using devices and landscaping is an
appropriate starting point for comparison. It is against this measure that
future improvements in water demand management can be judged. The study can
also be used to infer the likely response of the consumer to contemplated
management strategies.

Micro vs. Macro Data

Previous research by the authors (Woodard and Rasmussen, 1983) focuses on
data aggregated at the census tract level. This macro data is used to develop
models of indoor and peak outdoor residential water demand. The current study
uses disaggregated household data, termed "micro" data. Using micro data
severely affects the multiple correlation coefficient because of sporadic per-
turbations observable at the household level, i.e., plumbing failures, house
guests, vacation trips, pool filling, etc., which are averaged out at the census
tract level.

This sacrifice in total correlation is offset by a number of advantages of
micro data. First, there is greater range in the observed variable values. For

instance, at the census tract level household size in Tucson ranges from 2.06 to
3.89 people per household while survey responses range from 1 to 9. Other
variable ranges are similarly increased. Second, correlation between explana-
tory variables is reduced allowing the effects of these variables on the depen-
dent variable, water demand, to be distinguished. For example, at the census
tract level income and house value are highly correlated; at the household level
there are cases of high income and low home values, and low income and high home
value, allowing the effects of income and home value on water demand to be
separated. These two advantages of micro data result in higher t- statistics, or
greater significance in individual variables.

A third advantage of survey data is the opportunity to gather information on
potentially significant variables not available at the census tract level.
Appliance ownership and landscaping types and areas are examples of information
not available from other sources.

Background

In August of 1983, 5998 questionnaires were mailed to randomly-selected,
individually- metered, single family residences served by Tucson Water. The
intent was to survey detached, single- family residences to determine the water
demand determinants of this class of customers. Of the 5998 questionnaires sent
out, around 2100 were returned, a 35 percent response rate. Some questionnaires
could not be used for analysis due to incomplete or incorrect information. In

the end, 1951 surveys were used in the study.

10



As shown in Table 1, the majority of
individually metered Tucson Water
customers reside in detached single
family homes. However, there were a
fair number living in other housing
types. Table 2'summarizes the responses
to questions concerning residency and
wealth variables. Mean age of homes and
years lived in Tucson are both about 21

Table 1: Housing Type Variables

Apartment
Duplex -Triplex
Mobile Home
Townhouse -Condominium
Detached Single Family

0.2 %
2.3 %
5.3 %
6.8 %

85.4 %

years; years lived in the current residence are about half that. The 92 percent
of respondents who own their own home report a median value of $69,000. Median

annual income is $25,000. Only eight percent rent their own home, and all but
four percent receive (and pay) their water bill directly. Note that the survey
data does not represent most apartment -duplex dwellers or many townhouse -
condominium dwellers, which are not separately metered for water.

Table 2: Residency and Wealth Variables

Age of Home in Years
Years Lived in Home
Years Lived in Tucson

Own Home
Value of Home
Rent Home
Monthly Rent
Annual Income
Don't Receive Water Bill

Mean (Median)

20.8 (20)

11.1 ( 7)

20.6 (17)

91.6 %
$ 80,900 (69,000)

8.4 %

$ 303.70 (290.50)

$ 29,500 (25,000)

3.9 %

Table 3 presents demographic information on the surveyed households. The

average household size is approximately 2.8 people, of which 1.7 are home during

the day. Almost a third of those surveyed indicated that the head of the
household was retired.

Table 3: Demographic Variables

Number of Residents, March
Number of Residents, June
Children Under 5 Years Old
Children 5 to 18 Years Old
People Home During the Day

Mean (Median)

2.82 (2)

2.83 (2)

0.18 (0)

0.55 (0)

1.70 (2)

Head of Household Retired 33.0 %

Table 4 (next page) lists appliance ownership of the respondents. It should
be emphasized that the question concerning low -flow devices is whether someone
in the household has installed one, not whether there are any low-flow devices
in the home. In this respect, the question is more attitudinal, rather than an

attempt to categorize plumbing. Note that 80 percent of the respondents have an
evaporative cooler, either with or without air conditioning, and less than one
percent report having no cooling.
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Table 4: Appliance Variables

Clothes Washer 91.3 % Evaporative Cooler Only 63.5 %
Dishwasher 57.1 % Air Conditioning Only 19.5 %
Garbage Disposal 49.1 % Both AC and Cooler 16.1 %
Installed a Low -Flow Device 47.5 % Neither AC nor Cooler 0.9 %

Outdoor water uses are summarized in Table 5. Almost 20 percent of the
homes have pools while almost 40 percent have lawns. The mean lawn area is over
1629 square feet for those homes reporting that they have a lawn, but the median
area is only 900 square feet indicating a radically skewed distribution. The
table also indicates that hoses and sprinklers are still the preferred method of
lawn watering.

Table 5: Pool and Landscape Variables

Mean
Have Swimming Pool 19.6 %
Maintain Lawn 38.7 %
Area of Lawn 1629 sq ft
Type of Irrigation System

- in- ground sprinklers 11.5 %
- hoses and sprinklers 22.3 %
- not regularly watered 3.9 %
- drip irrigation 1.0 %

(Median)

(900)

Components of Residential Water Demand

Water demand can be categorized in terms of what happens to most of the
water once it has been used. If most of the water enters the sewage system, the
use is categorized as indoor. Outdoor uses are those which result in most of
the water evaporating. Indoor uses increase the load on sewage lines and treat-
ment facilities, but contribute to the amount of effluent available for reuse or
recharge. Outdoor uses contribute to the water budget defict. Thus, it is
desirable to separately model indoor and outdoor water demand.

Indoor water demand is assumed to be the amount of water consumed in March
of that year. This is reasonable because nearly all outdoor uses of water are
at a minimum at that time. March 1983 was a month of excessive rainfall and low
evaporative demand. As a result there should have been no need for outdoor
irrigation, or evaporative cooling. Indoor water demand is assumed to be essen-
tially constant throughout the year, an assumption supported by county waste-
water plant records. In our survey; the mean indoor water consumption per
metered residence was 231 gallons per day (gpd), presented in Table 6.

Table 6: Typical Indoor and Outdoor Residential Water Demand
(gallons per household per day)

Mean (Median)

Indoor Uses 231 (199)

Peak Outdoor Uses 282 (208)

Total Peak Uses 513 (431)
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Another water measure is peak demand. Peak demand is the month of the
highest daily water use rate. During 1983 this was in June, a month of no
rainfall and very high evaporative demand. Table 6 indicates that the average
peak demand was 513 gpd per household (about 180 gpd per person) in 1983.

A final water measure is peak outdoor demand. This is total peak demand
minus indoor demand. Outdoor uses are at a minimum during the winter and reach
a maximum during the summer, as can be observed in Figure 1. Frequency distri-
butions of indoor and peak outdoor water demand are presented as Figure 2. All

households use at least some water indoors, and the variability in indoor demand
is relatively small. By contrast, many households consume very little or no
water outdoors. The peak outdoor distribution is broad, with many more house-
holds consuming more than 600 gpd outdoors than indoors. It is these consumers
in the tail of the outdoor demand distribution that cause most of the peak
demand for water.

Representiveness of Data

A potential concern with survey data is whether respondents are a random
subset of, or differ systematically from, the bulk of the population. In this

study there are two levels of potential selection bias. First, 5998 indivi-
dually metered households were selected to receive questionnaires from the
population of roughly 130,000 households. Because this selection was performed
randomly using a computer program, no selection bias is likely to have occured.
Potentially more serious is the self -selection of the 2,100 respondents. It is

plausible that those willing to invest the time and energy to complete and
return the questionnaire may differ systematically from those who did not res-
pond. For instance, respondents may be especially concerned about water issues,
or proud of their conservation efforts.

Three tests of data representativeness were performed. First, the distri-

bution of dependent variables for all 5998 households mailed questionnaires were
compared with the dependent variables of the respondents and were found not to

differ. Second, the length of time from when questionnaires were mailed out to
when they were returned was recorded. Because surveys returned late tend to be

from people similar to non -respondents (Oppenheim, 1966), trends in responses

over time indicate if, and how, non -respondents differ from respondents. No

such trends are found. Finally, as an extra check, the first decile of respon-
dents were compared to the last decile. Again, no significant differences are

found. Thus, it seems safe to conclude that the 2,100 respondents are a random
subset of the population of interest.

Regression Results

Indoor and peak outdoor water consumption are the dependent variables
against which thè survey responses are regressed as the explanatory variables.
The results of these two linear multiple regression models are displayed in
Tables 7 through 11. Some survey responses are not considered as potential
determinants of one of the components of demand for logical reasons (e.g.,
evaporative cooling can not affect indoor demand). These are marked by a hyphen

( -). Those responses not included in the models because of a lack of signifi-
cance (F < 1.50) are indicated by an asterisk ( *). Significant variables are
reported as the regression coefficient followed in parentheses by the student's
t- statistic. (The t- statistic is a measure of the degree of significance of the
variable; the larger the t- statistic, the greater the significance.) The
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Figure 1

Residential Indoor and Outdoor Water Demand
Tucson, Amis.na May 1982 -Jun. 1983

May June July Aug. Sept Oct. Nov. Dec. Jan. Feb. Mar. April May Juno

1982 1983

Sourd: Tucson Water Data

Figure 2

Relativa Frsqueeolos of Residential Indoor
and Outdoor Water Demand per Household

so0 soo in 7oo BBC 9Ó0 t000

Household Wad Dsmrnd (9pd)

Somas: Division al Economic and Business Research
Caine at 8i 'ss and Pubic Aoninmtrbn. University al Moons
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coefficients are in units of gallons per day (gpd) per household. For example
each additional $1000 of home value increases peak outdoor use by 1} gpd (from

Table 8); owning a garbage disposal increases indoor water consumption by 11}
gpd (from Table l0a).

Table 7 presents the results of the regression analysis of housing type
variables on water use. For example, an average household living in a duplex -
triplex unit consumes approximately 50 gpd more indoors than an equivalent
family living in a detached, single -family residence (taken to be the base, or

'norm', for our analysis). Mobile homes consume about 20 gpd more water
indoors; households living in townhouses and condominiums use about 87 gpd less
outdoors than equivalent households living in single -family residences. The

coefficient on townhouse-condominium outdoor demand is the most significant (t-
statistic = 3.05).

Table 7: Effects of Housing Type on Water Consumption
(Gallons per Day per Household)

Apartment
Duplex -Triplex
Mobile Home
Townhouse -Condominium
Detached Single Family

Indoor Use
(gpd) (t -stat)

49.8
19.8

*

norm

(2.02)

(1.24)

Peak Outdoor Use
(gpd) (t -stat)

*

*

- 86.5 (3.05)
norm

The effects of residency- and wealth -related variables on water consumption
are presented in Table 8. Note that older homes consume more water both indoors
and outdoors than newer homes. Long -term residents of the area also tend to
consume more water. These are two distinct effects the correlation between
length of time lived in the area and home age is quite low. The. finding that
newcomers consume significantly less water than "natives" flies in the face of
stereotypical perceptions of transplanted Easterners bringing their water -
thirsty landscaping tastes with them.

Table 8: Residency and Wealth Impacts on Water Consumption

Indoor Use
(gpd) (t -stat)

Age of Home (years) 0.9 (3.30)

Years Lived in Tucson 0.7 (3.07)

Years Lived in Home

Value of Home ($1000) 0.8 (11.35)

Monthly Rent ($) 0.1 (2.48)

Annual Income *

Don't Receive Water Bill 61.1 (2.99)

Peak Outdoor Use
(gpd) (t -stat)

2.6 (5.29)

1.8 (3.95)
*

1.5

0.3
*

- 80.2

(11.15)

(3.22)

(2.09)

Another interesting finding is that individuals who do not directly pay
their water bill consume more water indoors. This may be evidence of a price
response on the part of consumers. Contrast this with the fact that those not
paying the water bill consume less water outdoors that those paying the bill.
Many of those not receiving the water bill are renters. These statistics,
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coupled with the great significance of the home value variable, suggest that
lush outdoor landscaping may be viewed by many as increasing the value of the
home. If this is true, price incentives may be inefficient at reducing outdoor
water demand because the modest savings in cutting outdoor use might be more
than offset by a reduction in perceived home value. Indeed, some households may
view outdoor water consumption as a good 'investment'!

The consumption by individuals within a household is attributable to uses
in the bathroom and for kitchen uses other than those associated with specific
appliance ownership included in the survey. This residual consumption is pre-
sented in Table 9. It is estimated that adults and children over 5 years of age
use approximately 44 gpd indoors, while children under 5 years use approximately
11 gpd less than adults, or about 33 gpd. Peak outdoor water use amounts to
about 18 gpd per person.

Table 9: Demographic Impacts on Water Consumption

March per capita use
June per capita use
Children < 5 Years Old
Children 5 to 18 Years Old
People Home During the Day
Head of Household Retired

Indoor Use
(gpd) (t -stat)

43.8 (17.4)

(1.58)

Peak Outdoor Use
(gpd) (t -stat)

(3.75)

Water consumption by appliances is presented in Table 10. Note that house-
holds which have installed a low -flow device use 20 gpd less. This may be due
to the effects of the devices, or it may be that individuals who are concerned
about water conservation are more likely to install the devices. Another note-
worthy finding is that households which use only air conditioners to cool their
dwellings consume 26.6 gpd less water than households which use evaporative
coolers. In other words, evaporative cooling requires a peak consumption rate
of 26.6 gpd per household.

Table 10a: Water Consumed by Indoor Appliances

Indoor Use
(gpd) (t -stat)

Clothes Washer 21.9 (1.71)

Dishwasher 11.0 (1.32)

Garbage Disposal 11.5 (1:36)

Installed a Low -Flow Device - 19.8 (3.00)

Table lOb: Water Consumed for Cooling

Evaporative Cooler Only
Air Conditioner Only
Both AC and Cooler
Neither AC nor Cooler
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Peak Outdoor Use
(gpd) (t -stat)

norm
- 26.6 (1.50)
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Finally, consider water consumed by landscaping and pools. Table 11 indi-

cates that the type of irrigation system does not substantially affect the rate

at which water is applied to lawns. The mean lawn size of 1629 square feet
(Table 5) takes about 62 gpd to maintain.

Homes with swimming pools are found to consume more water than otherwise

similar homes both during March (indoor use) and June (total peak use). The 68

gpd consumed in March is apparently related to pool maintenance, cleaning and

filling. The peak summer pool use of 84 gpd agrees well with the theoretical
evaporative loss from a 400 square foot (the typical pool area in Tucson) open

surface of water, as derived from evaporation pan data.

A popular 'rule of thumb' used by pool builders and some water managers is

that a swimming pool consumes no more water than the lawn area which it

replaces. Yet our data indicate that a square foot of pool consumes 51 times as

much water as the same area of grass. Even allowing for a sizeable patio or
deck area around the pool, it appears that there is no factual basis for the

rule of thumb. Also, there is no support for the notion that pools displace

lawns. Pool ownership and lawn ownership are entirely uncorrelated - pool
owners are just as likely to have a lawn as are non -pool owners, and those lawns

are nearly as large.

Another indication that pools are responsible for a large portion of out-
door water demand is found in landscape trends. Figure 3 shows the current
percentage of homes with lawns and pools as a function of home age.

60

50

40

30-

20

10 -

Figure 3

Incidence of Lawns and Pools as a Function of Home Age

Lawns

Tucson, Arizona as of 1983

1940 1960 1960 1970 1980

Date of Construction
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The incidence of lawns reaches a peak in homes built in the late- 1940's,

declines slowly through homes built in the mid- 1970's, and has dropped precipi-

tously since then. By constrast, pool ownership is increasing. The apparent
decline in pool installation since 1972 results from the fact that pools are

often not installed until homes are several years old. Once installed, they are

far less likely to be removed than lawns, which are increasingly being converted

to desert landscaping. Currently, pools consume about 80 percent as much water

as all lawns in Tucson, and the trends indicate that sometime in the near future
pools will surpass lawns as the largest component of peak outdoor water demand.

Table 11: Water Consumed by Lawns and Pools

Peak Outdoor Use

Type of Irrigation System (gpd) (t -stat)

-

-

-

-

in- ground sprinklers 0.043 / sq ft (6.42)

hoses and sprinklers 0.038 / sq ft (8.87)

not regularly watered 0.034 / sq ft (2.37)

drip irrigation

Have Swimming Pool

Indoor Use
(gpd) (t -stat)

68.3 (7.64)

Factor Analysis

Peak Outdoor Use
(gpd) (t -stat)

86.1 (4.96)

Another way of inspecting data is to decompose the variability into a set
of factors, or components, which most completely describe the data set. If a

number of variables 'move' together, then this analysis ascribes the variability
to a factor which underlies these variables. In our analysis there are three
such factors which we have termed demographic, wealth, and residency. As can be

observed in Figure 4, factor 1 (the demographic factor) is positively related to
the number of residents, to the number of children between the ages of 5 and 18
in the home, and negatively to households whose head is retired. The vertical
axis is factor 2 (the wealth factor) which is most strongly related to home
value, certain appliance ownership, and negatively to those who rent their
residence. It is apparent that both indoor and peak outdoor water demand load
equally on (or equivalently, are correlated equally with) the wealth factor,
while indoor water demand loads more strongly on the demographic factor than
does peak outdoor use. This is intuitively appealing because it is reasonable
to expect that the number of people in a household would relate more strongly to
indoor water use than to peak outdoor use.

Figure 5 illustrates the correlation between selected variables and the
wealth factor on the horizontal axis and factor 3 (the residency factor) on the
vertical axis. Again both water demand components load equally on the wealth
axis, while peak outdoor use loads more heavily on the residency factor than
does indoor use. In the final figure, Figure 6, indoor water use is shown to be
primarily determined by the demographic factor, while peak outdoor use is more
strongly related to the residency factor.
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Summary

. This study confirms earlier findings that indoor and outdoor water demand
are characterized by different sets of determinants. In addition, the survey
results serve as a comprehensive baseline of water consumer behavior against
which future trends and water conservation programs can be measured.

The study findings point out some opportunities and potential pitfalls for
water demand managers. First, the biggest potential gains appear to be in
outdoor consumption. Peak outdoor demand constitutes 55 percent of total peak
demand. Second, the bulk of this outdoor demand can be traced to lawns and
pools. There is good and bad news here - the popularity of lawns is on the
decline, but pools are increasingly popular. The bad news predominates, though;
pools consume far more water relative to lawns than has been assumed, and new
pools do not displace lawns.

Trends in home building may help ease demand, as the increasingly popular
townhouses and condominiums are associated with reduced outdoor consumption.
One new technology that is slow to catch on is drip irrigation, with only 1
percent of households reporting such systems in use. On the other hand, half
report installing low-flow plumbing devices, which are correlated with reduced
indoor consumption. It isn't clear which is cause and which is effect, though.

The fact that newcomers to the area consume less water, both indoors and
out, is subject to several explanations. An intriguing possibility that needs
further research is that those who have moved to the area since attempts to
instill a conservation ethic in the public began are more likely to respond to
conservation messages than those who moved here at a time when water was not a
matter of such concern.

Finally, another area that calls for further research is the relative
effect of price incentives on indoor and outdoor demand. The effect of wealth -
related factors can be interpreted to suggest that lush landscaping adds to home
value, thereby weakening price incentives to conserve.
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