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ABSTRACT 

The purpose of this study was to develop and compare 

four different methods for estimating indoor and outdoor 

water use in apartment complexes, in Tucson, Arizona, to 

determine which one of the estimators is the best one. The 

four methods follow: 1) Actual Use Method; 2) Minimum 

Monthly Use; 3) Appliance Monthly Use; and 4) All Indoor 

Water Use method. 

The average indoor and outdoor water use per month 

per apartment household of each method were calculated to 

compare to each other. Also, several characteristics 

pertaining to complex size, average rent per month per 

household, vacancy rate, and manager's highest education 

level were examined to determine their effects on the indoor 

and outdoor water use. 

The t-test showed that Minimum Monthly Use method 

(method 2) is the best estimator to separate indoor and 

outdoor water use in apartment complexes. By multiple 

regression, the most important variable that effected both 

indoor and outdoor water use among the four variables was 

vacancy rate. There was no indoor or outdoor water use of 

the four methods was affected by the manager's education 

level. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Problem Statement 

Water is a basic resource to human life, because it 

is the sustenance of life and the production of almost every 

good requires water. Water has the power to make the desert 

bloom and lift the spirits of a dirty man. 

Water demand forecasts are important tools for water 

resource managers. Since municipal water provider and 

wastewater treatment facility expansions are costly, 

accurate forecasts are needed to ensure that future capacity 

is enough for future demand. 

In municipal water use studies, researchers tend to 

study the water use in single-household dwellings. They 

have tended to ignore the existence of multiple-household 

dwellings, apartments. Households in the same apartment 

complex share their landscape, including pool, whereas each 

single household has its own. Therefore, the water use in 

apartments differs from that of single-dwelling households. 

Besides, the apartments complexes also have no individual 

meters for each apartment unit. In fact, however, the 

housing unit type has shifted from single-household 

dwellings to apartment complexes. The increasing importance 
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of multiple-household dwellings necessitates the study of 

their water use. 

Actually, seldom do either single-household or 

multiple-household dwellings have meters to separate indoor 

and outdoor water use. Therefore, it is not easy to get the 

exact indoor and outdoor water use. Various researchers 

have tried to model indoor and outdoor water use of single-

family dwellings (Woodard & Rasmussen, 1983; Martin, Ingram, 

Laney & Griffin, 1984, p.89-92). There are two popular ways 

to separate indoor and outdoor water. One is the Minimum 

Monthly Use method (MMU), which takes the month with minimum 

total water use as indoor water use, and the differences 

between total water use in each month and the minimum water 

use as outdoor water use for each month. Another way to 

estimate indoor and outdoor water use is Appliance Monthly 

Use (AMU) method. This method uses the number of people in 

each dwelling and the estimated water use of every appliance 

to get the estimated indoor water use. Therefore, the 

outdoor water use is the difference between the total water 

use and the indoor water use. 

Because of the lack of specific data on indoor and 

outdoor water use in multiple household dwellings, 

residential water planning is extremely difficult, 

complicating the evaluation of methods and approaches to 

conservation. Therefore, the estimated indoor and outdoor 
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water use by Minimum Monthly Use method and Appliance 

Monthly Use method could not be tested to see if they are 

good estimators for apartment complexes. 

The motivation for this research is to determine 

whether the indoor and outdoor water use in multiple-

household dwellings can be estimated by Minimum Monthly Use 

and Appliance Monthly Use methods. Recently, Tucson Water 

has collected and traced the water data of the apartments 

that have separate indoor and outdoor water meters. 

Therefore, the actual monthly water use of these apartment 

complexes could be analyzed. This method is called Actual 

Use Method (AUM). This data will be used to compare actual 

indoor and outdoor water used and the estimated water use 

derived by Minimum Monthly Use and Appliance Monthly Use 

methods. In addition, tests could be done to see which one 

is the most reliable and the easiest estimator for apartment 

complex. 

Moreover, for the apartment complexes without 

landscaping to be watered, without pools and fountains, and 

with carwash prohibition, the water use is almost all used 

indoors. The water use in these apartment complexes will be 

compared to the estimates derived from the Actual Use Method 

(AUM), Minimum Monthly Use (MMU) and Appliance Monthly Use 

(AMU), to see whether these models adequately estimate 

indoor water use for these apartment complexes. 
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1.1.1 Water Supply Problems in Tucson 

Tucson, Arizona, is an arid city in the southwestern 

U.S. In 1965, Tucson's population was 232,000 and the 

average daily water demand was 41.5 million gallons; while 

in 1980, there were 439,000 people and 69.7 million gallons 

of water demanded daily. By 2000, the population is 

predicted to be 823,000 and the water demand, 176.3 million 

gallons per day (Estimated by the City of Tucson Water 

Department, 1982). In 1982, it was estimated that the rates 

of population increase between 1965 and 1980, and that 

expected between 1980 and 2000 are similar (1.89 v.s. 1.87), 

but the expected rise in water demand between 1980 and 2000 

is one and one half times that of the 1965 to 1980 period 

(2.53 v.s. 1.68). At that time it was assumed that water 

demand would increase much faster than the population 

(Estimated by the City of Tucson Water Department, 1982). 

Currently, Tucson is entirely dependent on 

groundwater for its water supply. However, water is pumped 

at a rate much greater than it can be put back into the 

underground aquifer by natural recharge (Martin, Ingram, 

Laney & Griffin, 1984, p.2). Fearing water shortages, 

Tucson has requested construction of the Central Arizona 

Project (CAP) which will bring water from Colorado River 

beginning in 1992. The CAP water will be very expensive and 

its quality will be much lower than that of existing 
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groundwater. Furthermore, the CAP water is insufficient to 

meet Tucsonans' demand; at the most optimistic predicted 

level of water delivery, the CAP will supply only about half 

of the 1983 groundwater overdraft (Martin, Ingram, Laney & 

Griffin, 1984, p.2). 

1.1.2 Problems of Groundwater Depletion 

Many areas which lack reliable surface water 

supplies in the U.S. are experiencing rapid groundwater 

declines. The declines are caused by groundwater 

extractions greatly exceeding natural recharge. Groundwater 

depletion results in increased lift costs, the need to 

deepen and/or add new wells, the water quality degradation 

associated with deeper water sources, and other supply 

uncertainties. In addition, the threat of land subsidence 

may result in loss of real property (Decook, Haney, Stone & 

Doran, 1980, p.1-2). Cities with rapidly growing water 

demand face another set of water management problems. The 

increasing burdens on municipal water delivery systems can 

lead to inadequate water pressure and fire protection crises 

during peak water demand periods (Woodard & Rasmussen, 1983, 

p.3) . 

To solve these water resource problems, accurate 

water demand forecasts which must be based on reliable water 

demand models are needed. In fact, many researchers have 



developed reliable residential water demand models (Agthe & 

Billings, 1980; Foster & Beattie, 1979; Morgan, 1973; 

Gottlieb, 1963). Most of these models dealt with single-

family dwellings. 

1.1.3 Increasing Importance of Apartments 

Between 1970 and 1983 the percentage of households 

who lived in rented housing increased from 37% to 40% while 

the percentage of households living in their own houses 

decreased from 63% to 60%. In the West, 59 percent of 

occupants of all housing units were owners and 41 percent 

renters (U.S. Bureau of Census, 1987, p.710). The 

importance of water use in apartments is increasing because 

the proportion of households who rent is expanding faster 

than the percent who own. 

The growth of multiple family housing in Pima County 

(Tucson's location) has been spectacular in recent years. 

Between 1975 and 1985 the number of apartments nearly 

doubled and the number of townhouses and condominiums more 

than doubled; multiple-family units experienced a 143 

percent rise compared with a 29 percent rise in single-

household dwellings (Tucson Trend. 1986, p.25). 

Consequently, 25 percent of all housing units in 1975 and 34 

percent by 1985 were comprised of townhouses, condominiums 

and apartments. Concurrently, single- household dwellings 
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dropped from 63 to 53 percent of all housing units (Tucson 

Trend. 1986, p.25). Therefore, it is important to pay more 

attention to the water use in multiple-household units. 

1.2 Objectives 

The objectives of this study are to estimate indoor 

and outdoor water use with four different methods, and then 

to compare the estimated values to find out the best method 

to separate indoor and outdoor water use for apartment 

complexes, in Tucson, Arizona. The objectives of this study 

are listed below. 

1.Estimate indoor and outdoor water use for 

apartment complexes by using the ratio of indoor or outdoor 

to total water use of the complexes with separating meters 

(Actual Use Method). 

2.Estimate indoor and outdoor water use for 

apartment complexes by using Minimum Monthly Use method. 

3.Estimate indoor and outdoor water use for 

apartment complexes by using Appliance Monthly Use method. 

4.Calculate indoor water use for apartment complexes 

consuming very few outdoor water (All Indoor Water Use 

method). 

5.Compare the estimates. 

Water resource managers can use these findings to 

improve the reliability of forecasts. In addition, managers 
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can improve residential water planning, and better evaluate 

water-conserving methods and approaches with other water 

demand models. 

1.3 Research Questions 

Question 1: 

This question concentrates on the Minimum Monthly 

Use (MMU) method. One objective of this study is to find 

out whether there are differences between the estimates of 

other models developed in this study and the MMU estimates. 

HI,:Do the estimates of indoor and outdoor water use 

by the MMU method approximate the actual water 

usage? 

Hlb:Do the estimates of indoor and outdoor water use 

by the MMU method approximate the estimates of 

Appliance Monthly Use Method? 

Hlc:Do the estimates of indoor and outdoor water use 

by the MMU method approximate the estimates of 

All Indoor Water Use method? 

Hld:Do the estimates of MMU indoor and outdoor water 

use vary by complex size, vacancy rate, average 

apartment rent, and manager's highest education 

level? 
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Question 2: 

This question concentrates on the Appliance Monthly 

Use (AMU) method. Another important objective of this study 

is to find out whether the AMU is another good means to 

separate indoor and outdoor water use. 

H2,:Do the estimates of indoor and outdoor water use 

by the AMU method approximate the actual water 

usage? 

H2b:Do the estimates of indoor and outdoor water use 

by the AMU method approximate the estimates of 

All Indoor Water Use method? 

H2c:Do the estimates of AMU indoor and outdoor water 

use vary by complex size, vacancy rate, average 

apartment rent, and manager's highest education 

level? 

Question 3: 

This question concentrates on the All Indoor Water 

Use method (AIW). Another important objective of this study 

is to find out whether the AIW is another good way to 

separate indoor and outdoor water use in apartment 

complexes. 

H3,:Do the estimates of indoor and outdoor water 

use by the AIW method approximate the actual 
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water usage? 

H3b:Do the estimates of AIW indoor water use vary by 

complex size, vacancy rate, average apartment 

rent, and manager's highest education level? 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 The Selected Background of Tucson 

Before starting the research, some selected 

characteristics of Tucson have to be studied because it 

provides the context for the study. 

2.1.1 Water Consumption 

The Active Management Area (AMA) of Tucson Water 

includes the area between the Santa Catalina and Santa Rita 

mountains on the east, and the Baboguivari and Silver Bell 

mountains on the west. Estimated water use in the Tucson 

AMA as of 1980 is shown in table 2.1. Municipal and 

industrial water use was less than one-third of total 

consumption, 19.2% and 9.6%, respectively, while 

agricultural water use was more than half, 54.3%. 

Since 1980, municipal water use has increased 

because of retiring farms in the Avra Valley. The 

displacement of agriculture is expected to increase in the 

future, and the Arizona Department of Water Resources 

estimates that agricultural water use will have declined by 

a third in 2025 while municipal use will increase. During 

the same period of time, the Tucson population is projected 



23 

to more than double, and may triple (Estimated by the Tucson 

AMA staff of the Arizona Department of Water Resources, 

1981)• Consequently, municipal and industrial uses are 

expected in time to surpass agricultural water use. 

Table 2.1 
Estimates of Water Use Patterns in 1980 Tucson AMA 

Sector Acre-feet Percent of 
total consumption 

(%) 

Municipal 60,000 19.2 

Industrial 30,000 9.6 

Mining 53,000 16.9 

Agriculture 170,000 54.3 

Total 313,000 100.0 

Source: Arizona Department of Water Resources, Tucson Active 
Management Area staff, 1981. 

Tucson Water has 416 wells registered with the 

Department of Water Resources. In 1985 it withdrew 70,642.3 

AF (acre feet) of groundwater from 172 wells (Provider 

Profile. 1988, p.9). In addition, it delivered 286 AF to 15 

other right holders and to the Tohono O'odham Tribe and 

received 19,928.3 AF of water from 4 other owned rights. 

Lost and unaccounted for water was 10.5% of the total water 

withdrawn, diverted or received (Provider Profile. 1988, 
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p.9). The total water withdrawals and use for 1984 to 1986 

are listed in Table 2.2. 

Table 2.2 
Water Withdrawal and Use Records from 1984 to 1986 

Year Withdrawn Received Delivered Total % Change 
(AF) (AF) to other (AF) 

rights (AF) 

1986 71,754.7 23,687.8 556.7 94,885.8 5.1 

1985 70,642.3 19,928.3 2 8 6 . 0  90,284.6 9.9 

1984 65,764.0 16,740.0 336.1 82,167.9 

Source: Provider Profile-City of Tucson, 1988. 

2.1.2 Population 

Between 1980 and 1985 the population growth rate of 

the city of Tucson was 14% while that of Pima County was 

17.5% (Arizona Statistical Review. 1986). The population of 

the Tucson Water service area increased by 17.4% during that 

period (Arizona Statistical Review. 1986). There is a 

seasonal variation in number of customers due to winter 

visitors and the students of University of Arizona who 

reside off-campus. This influx would impact the multifamily 

housing unit market to the greatest extent, but it is 

difficult to determine the magnitude of this influence 



(Provider Profile. 1988, p.2). 

Individual person per housing unit (pphu) values for 

each user class are used by Tucson Water and have been 

incorporated into the population and housing unit 

calculations. Tucson Water defines single family as an 

individually metered detached housing unit. Multifamily is 

defined as a unit located in a multifamily residential 

structure and includes duplexes, triplexes, fourplexes, 

condominiums, apartment complexes, townhouses and mobile 

homes in mobile home parks. The user classes, class codes 

and corresponding pphu values are shown in Table 2.3. 

Table 2.3 
Tucson Water Residential Water User Categories and PPHU 
Values 

User Class Class Code PPHU 

Single Family Residence 1A 3. 00 

Mobile Home-Individually Metered 1C 2. 10 

Duplex/Triplex-Individually Metered IE 2. 10 

Garden Apts.-Individually Metered 1G 1 .  85 

Condo;Townhouses-Individua1ly Metered 1J 2. 10 

Duplex/Triplex-Master Metered IF 5. 20' 

Apts. and other Multifamily ID,1H,11,IK 1 .  85 

Source: Provider Profile-City of Tucson, 1988 
Person per water service connection 
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Tucson Water's 1985 population figures and pphu 

values for both of its single-family and multifamily 

groupings are listed in Table 2.4. 

Table 2.4 
Population, GCD and Housing Unit Estimates for Tucson Water 
in 1980 and 1985 

Population % Of Total 
Population 

Housing 
Units 

% Of Total 
Housing Units 

GCD" 

1980 425,937 100.0 166,151 100.0 160 

SF 285,463 67.0 96,466 58.1 

MF* 140,474 33.0 69,685 41.9 

1985 499,850 100.0 204,020 100.0 161 

SF 315,907 63.2 107,120 52.5 

MF 183,943 36.8 96,900 47.5 

Source: Tucson Water record in 1980 and 1985. 
Includes duplexes/triplexes, condominiums, 
townhouses and apartments as well as master 
metered multifamily units and master metered 
mobile homes in mobile home parks. 
1987 target = 155 gcd 

2.1.3 Residential Water Consumption 

Residential water demand accounts for most of 

Tucson's total water use. In 1974 and 1975, consumption by 

single-family residences accounted for 64 percent of the 

water delivered by Tucson city's water utility (Tucson Water 
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Department records for 1974 & 1975). In 1985, single-family 

residences consumed 50.6% of all water delivered by Tucson 

Water, while multiple households units consumed 21.2% 

(Provider Profile. 1988). 

2.1.4 Weather 

Temperature and Precipitation. Temperature and 

precipitation in the Tucson area vary somewhat with 

elevation. Elevation ranges from approximately 3200 feet in 

the Santa Catalina Mountain foothills to 2000 feet near the 

northern service area boundary along the Santa Cruz River. 

The average elevation of the Tucson city is 2389 feet 

(Provider Profile. 1988, p.l). There are several 

climatological stations within the city area. The Tucson 

International Airport station is the official U.S. Weather 

Service Station while the University of Arizona station is 

close to the geographic center of the city area at an 

elevation of 2430 feet. There are 82 years of weather 

records from the U of A station. The average annual 

precipitation at this station is 11.13 inches. The highest 

average rainfall in Tucson, 13.15 inches, is at the Sabino 

Canyon Station in the northeastern portion of the Tucson 

Water service area. This area and others close to the Santa 

Catalina and Rincon Mountains tend to receive more rainfall 

than other parts of the Tucson Water service area (Provider 
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Profile. 1988, p.l). The average maximum temperature 

recorded by the U of A station is 83.4°F and the average 

minimum is 52.6°F of that 82 years. The average monthly 

maximum and minimum temperatures and monthly precipitation 

from the U of A station are listed in Table 2.5. 

Table 2.5 
Historical Weather Data from the University of Arizona 
Weather Station, 82 Years of Record 

Month PPT 
(inches) 

Temperature 
Max Min 

Month PPT 
(inches) 

Temperature 
Max Min 

Jan 0.88 65.4 36.3 Jul 2.07 100.2 73.1 

Feb 0.86 68.8 38.9 Aug 2.06 98.0 71.5 

Mar 0.78 74.0 42.7 Sep 1.20 95.2 65.8 

Apr 0.40 82.0 48.4 Oct 0.67 86.1 53.5 

May 0.20 90.4 55.8 Nov 0.80 74.4 42.8 

Jun 0.28 99.7 65.2 Dec 0.95 66.4 37.2 

Year 11.13 83.4 52.6 

Source: University of Arizona Weather station. 

There are an average of 29 days a year when 

temperatures fall below freezing and 54 days with 

temperatures of 100 degrees or more (Provider Profile. 1988, 

p.2). Precipitation exceeding 0.25 inches occurs an average 
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of 14 days a year (Provider Profile. 1988, p.2). 

Water Demand Affected Bv Season. In a desert city, 

water use is closely related to weather. Water use is lower 

in the mild winter months, and increases greatly in the hot 

summer months. In 1974 and 1975, for example, Tucson's 

summertime pumpage (from May to October) was 1.6 times the 

year-round average. Peak-month pumpage (June) was about 2.6 

times the pumpage in December or January (Tucson Water 

Department records, 1974 & 1975). In the summertime, 

single-family dwellings use 80 percent more water than they 

do in the wintertime. The extra is used primarily for 

garden watering, lawn sprinkling, evaporative coolers and 

evaporation from swimming pools (Martin, Ingram, Laney & 

Griffin, 1984, p.82-83). In 1974 and 1975, multiple-family 

residences used 9 percent of the city delivered water, and 

in the summer the water consumed by them was only 40 percent 

higher than in the winter (Martin, Ingram, Laney & Griffin, 

1984, p.83). Duplexes and triplexes only accounted for 2 

percent of delivered water, and its consumption in the 

summer was 47 percent more than it was in the winter 

(Martin, Ingram, Laney & Griffin, 1984, p.83). 

Cyclical Daily Water Demand. The demand for water 

also shows a marked cycle in each day. Water consumption 
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increases sharply in the morning to a morning peak and then 

declines some until late afternoon. After that, water 

consumption rises to an evening peak and gradually declines 

to a very low at night level (Martin, Ingram, Laney & 

griffin, 1984, p.84). During summer, the water use for lawn 

sprinkling and evaporative coolers is highest in the early 

morning and late afternoon. In Tucson, the water peak-hour 

demand was about 3.5 times the average daily demand in 1974 

and 1975 (Martin, Ingram, Laney & griffin, 1984, p.84). 

2.1.5 Indoor and Outdoor Water Use 

Water is used by households both indoors and 

outdoors. About 44% of total residential water is used 

outdoors. About 90 percent of this is used to irrigate 

lawns, gardens, and shrubs; the remainder is used for car 

washing and other miscellaneous tasks (Sharpe, 1978, p.11). 

Outdoor water use in the Tucson Water service area 

is 32 gcd (gallons per capita per day) (Tucson Trends. 

1986). According to Tucson Trends in 1986, an estimated 11% 

of households in Pima County had pools and there were 611 

acre feet water was lost through evaporation per year. An 

average sized 400 square feet pool loses about 17,312 

gallons per year through evaporation (Tucson Trend. 1986). 

In a 1983 study of 2000 Tucson households, 19.6% had pools, 

and total yearly evaporative losses were estimated as 1089 



acre feet (Woodard & Rasmussen, 1984, p.9-20). 

According to the water use records of Tucson Water 

in 1985, the outdoor water demand represented 35% of total 

single-family dwellings water use and it exceeded indoor 

water use in only 2 months, June and July. The outdoor 

water use of multiple-household dwellings never exceeded 

indoor water use and represented 22% of the total demand. 

Besides, the total per capita use for single-family 

dwellings, 115 gcd, is greater than the 83 gcd for multiple-

household dwellings (Provider Profile. 1988, p.10). The 

difference is due primarily to outdoor demand, since the 

indoor water use for multiple-household dwellings was 65 gcd 

and single-household dwellings was 75 gcd, and the outdoor 

water use for multiple-household dwellings was only 18 gcd 

and 44 gcd for single-household dwellings (Provider Profile. 

1988, p.10). 

2.1.6 The Trends of Housing Type 

The number of single-family dwellings in the Tucson 

Water service area is slightly higher than the number of 

multiple-household dwellings (Tucson Trends. 1984 & 1986). 

In the metropolitan Tucson area the percentages of each type 

of occupied housing unit are shown in Table 2.6. 
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Table 2.6 
The Percentages of Each Type of Occupied Housing Unit in the 
Metropolitan Tucson Area 

Year Single 
Family 

Townhouse/ 
Condominium 

Apartment Mobile Home 

1980 61% 6% 19% 13% 

1982 58 7 22 13 

1984 56 9 23 12 

1986 53 9 26 12 

Source: Tucson Trends 1984 and 1986. 

The predominant housing unit type appears to be 

shifting to multifamily residences. The apartment component 

has grown to over a quarter of all occupied units. Since 

vacancy rates are traditionally higher for rental units 

(Provider Profile. 1988, p.5), the actual percentage of 

rental units is greater than the amount shown above. 

Therefore, there has been a significant increase in 

multifamily units since 1980. 

New apartment design is typically large multi-

storied complexes with at least one swimming pool, while 

smaller complexes and duplexes were the typical style in the 

past. Townhouse and condominium construction lags behind 

single family and apartment unit construction, but 

represented 14% of new units in Pima County in 1985 



(Provider Profile. 1988, p.5). 
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2.2 Water Use of Indoor Appliances 

Indoor water use is for general sanitary purposes 

and the water is nonconsumptive as it flows into the sewer 

systems where it may be treated and used again (Martin, 

Ingram, Laney, & Griffin, 1984, p.84). There is a positive 

relationship between the number of water-using appliances in 

a household and the amount of water they consume (Field, 

19—, p.56). Households with fewer than seven water-using 

appliances used fewer than 345 gallons daily, while those 

with more than twelve used more than 580 gallons per day 

(Martin, Ingram, Laney & Griffin, 1984, p.91). Even higher 

levels of consumption were found for those households with 

"luxury" appliances, including dishwashers, garbage 

disposal, humidifiers, and ice-making machines (Martin, 

Ingram, Laney & Griffin, 1984, p.91). 

In this section, three studies in indoor water use 

of each appliance is discussed, Brown and Caldwell's study, 

Pima County's and SAWARA's study (Southern Arizona Water 

Resources Association) respectively. Thus a better idea 

about how much water being used indoors may be shaped. 

2.2.1 Water Used for Bathing 

Brown and Caldwell (1984) have studied water use by 
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various household appliances. In their study, the average 

duration of showering was 53.9 minutes per person per week, 

and each shower lasted an average of 10.4 minutes (Brown & 

Caldwell, 1984, p.4-1). The frequency for bath was 2.9 

times per person per week (Brown & Caldwell, 1984, p.4-1). 

The results of the shower use of the five types of 

showerhead used in the study are shown in table 2.7. The 

average water use for non-conserving showerhead is 16.3 gcd. 

The rated maximum capacity for the non-conserving showerhead 

averaged 4.8 gpm. In actual use, the flow rate was reduced 

to 3.4 gpm due to throttling (Brown & Caldwell, 1984, p.4-

4). The average water use for low-flow showerhead was 9.1 

gcd. The water use for the water-conserving showerhead, the 

Zinplas and Turbojector models, was 8.1 an 6.4 gcd, 

respectively (Brown & Caldwell, 1984, p.4-4). Thus, a 7.2 

to 9.9 gcd can be saved in showerhead, depending on the 

water-conserving showerhead installed. The low-flow 

showerhead can save the most water, 7.2 gcd, while the 

showerhead fitted with a restrictor saves the least water, 

3.7 gcd. Although the showerhead fitted with a restrictor 

saves only 3.7 gcd, it is the least expensive way to save 

the water for showering. Therefore, this is the most 

feasible way for managers and tenants to save water for 

showering. 
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Table 2.7 
Summary of Shower Use Data* in Brown and Caldwell's study, 
Pima County and SAWARA 

Source Group Timeb, Flow rate Shower 
minutes (gpm) water 

use, gcd 

Brown & Caldwell Non-conservingc 4.8 3.4 16.3 

Low-f low11 4.8 1.9 9.1 

Restrictor5 6.0 2.1 12.6 

Zinplasf 4.5 1.8 8.1 

Turbojector6 4.9 1.3 6.4 

Pima County Non-conserving 6.0 5-10 30-60 

Low-flow 6.0 3.0 18.0 

SAWARA Non-conserving 4.0 7.0 28.0 

Low-flow 4.0 1.0 4.0 

Source: Brown and Caldwell, 1984, p.4-5; Slow the Flow. 
1985, p.1-3; and How to Compute Indoor Water Use. 
19—. 

" Numbers shown are average values for the group. 
b Total household time for showering divided by the 
number of days of record, and the number of persons 
per household. 

c Households in the sample with showerhead that had 
flow rate greater than 3 gpm. 

d Households in the sample with showerhead that had 
flow rate of 3 gpm or less. 

e Households in the sample with non-conserving 
showerhead that had been fitted with a restrictor 
and having maximum measured flow rates of 3 gpm or 
less. 

f Households retrofitted with Zinplas "April Shower", 
Model 14-9513 (3-gpm rating). 

s ETL Turbojector, Model 501 (1.5-gpm rating, 
aerating-type). 
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The estimated duration of showering by Pima County 

(Slow the Flow. 1985, p.l) was 6 minutes, and the estimated 

water amount used by shower was 30 gallons every time (Slow 

the Flow. 1985, p.l). The standard shower uses 5 to 10 

gallons of water per minute (Slow the Flow. 1985, p.3). A 

good low-flow showerhead can reduce that amount to only 3 

gallons per minute (Slow the Flow. 1985, p.3). Meanwhile, 

SAWARA estimated a standard shower uses 28 gallons which was 

computed by 4 minutes at 7 gallons a minute (How to Compute 

Indoor Water Use. 19—). But this amount could be reduced 

to only 4 gallons per shower by using low-flow device (How 

to Compute Indoor Water Use. 19—). The estimated water 

usage for showering by Pima County, and SAWARA was also 

shown in Table 2.7. 

In this study, 5 minutes for a shower was adopted 

for low-flow showerhead because it is the average length of 

these three studies. In fact, the average of 4.8, 6.0 and 

4.0 is 4.9, but for the convenience of calculating, 5 was 

adopted. Two gpm of the flow rate was adopted for low-flow 

showerhead in this study, because 2 is the average gpm for 

low-flow showerhead of the three studies, 1.9, 3, and 1 

respectively. Therefore, 10 gallons of water used per 

person per time was used in this study for low-flow 

showerhead. 

Although showerhead fitted with a restrictor or 
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retrofitted with a water-saving device can save water, it is 

still non-conserving, not a low-flow, device. Therefore, 

the non-conserving showerhead includes the showerhead with 

or without water-saving device. In this study, 5 minutes 

for a shower was adopted for non-conserving showerhead 

because it is the average length of these three studies, 5 

(the average length of not low-flow showerhead in Brown and 

Caldwell's study), 6, and 4 respectively. The flow rate of 

non-conserving showerhead was 5.5 gpm in this study, because 

5.5 is the average gpm for non-conserving showerhead of the 

three studies, 2 (the average gpm of not low-flow showerhead 

in Brown and Caldwell's study), 7.5 (the average of 5 and 10 

in Slow the Flow^. and 7 respectively. Therefore, 27.5 

gallons of water used per person per time was used in this 

study for non-conserving showerhead. 

Tub bath used 36 gallons each time for full tub 

(Slow the Flow. 1985, p.l; How to Compute Indoor Water Use. 

19—), and this amount could be reduced to 10-12 gallons by 

minimal water level (How to Compute Indoor Water Use. 19—). 

In this study, 30 gallons per person per time for tub was 

used, the average of the maximum and minimum water for tub, 

36 gallons and 24 gallons. 
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2.2.2 Water Used by Flushing 

In Brown and Caldwell's (1984) study, the average 

number of toilet flushes per person per day was 4.0 (Brown & 

Caldwell, 1984, p.4-4). Toilet water use is estimated in 

Table 2.8 for each of the five types of toilets measured in 

Brown and Caldwell's study. 

Using an average of four flushes per capita per day, 

a non-conserving toilet uses about 22 gcd. Toilet with 

bottles or bags use an average of 20 gcd and 19.2 gcd, 

respectively. Toilets with dams use 18 gcd; and low-flush 

models use only 14 gcd (Brown & Caldwell, 1984, p.4-4). If 

all homes had non-conserving toilets and were latter 

retrofitted with low-flush toilets, there would be 8 gcd 

saved (Brown & Caldwell, 1984, p.4-4). Obviously the low-

flow model uses the least water, but the three other water-

saving techniques save about the same, approximately 2 to 4 

gallons. Although toilets with bottles, bags or dams save 

less water than the low-flush ones, 2 to 4 gallons v.s. 8 

gallons, it is the least expensive way to save the water for 

flushing. Therefore, this is the simplest way for managers 

and tenants to save water for flushing without spending much 

money. 
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Table 2.8 
Toilet Water Use in Brown and Caldwell's study, Pima County 
and SAWARA 

Source Type of toilet Average Estimated Average Possible 
flushes volume of water water 

per water per use*, savingsb 

person flush, gcd 
per day gallons 

Brown & Non-conserving 4 5.5 22.0 0.0 
Caldwell 

Bottlesc 4 5.0 20.0 2.0 

Bags0 4 4.8 19.2 2.8 

Dams0 4 4.5 18.0 4.0 

Low-flush 4 3.5 14.0 8.0 

Pima Non-conserving 5 5.0 25.0 0.0 
County 

Low-flush 5 0. 75-4.5 3. 75-22.5 2.5-21.25 

SAWARA Non-conserving 6 5.5 33.0 0.0 

Low-flush 6 4.0 24.0 9.0 

Source: Brown and Caldwell, 1984, p.4-5, Slow the Flow. 
1985, p.1-3; and How to Compute Indoor Water Use. 
19—. 

* The average water use was determined by using an 
average of 4.0 flushes per capita per day. 

b This is the difference between average water use 
for the non-conserving group and average water use 
for the respective individual group being 
considered. 

0 Non-conserving toilets equipped with the respective 
conservation device. 
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While Brown and Caldwell estimated the averaged 

number of toilet flushes per person per day was 4.0, Pima 

County (Slow the Flow. 1985, p.l) use 5 flushes instead of 

4. The Pima County (Slow the Flow. 1985, p.l) estimated 

water used by toilet flushing per person per day was 25 

gallons, based on 5 gallons per flush. Currently, the new 

low-flow toilets use from 3 quarts to 4.5 gallons per flush 

(Slow the Flow. 1985, p.4). Therefore, the possible water 

saving could be 2.5 to 21.25 gallons per person per day. 

SAWARA estimated 3 3 gallons were used per person per 

day by toilet flushing, computed by 6 flushes at 5.5 gallons 

per flush (How to Compute Indoor Water Use. 19—). But this 

amount could be reduced to 24 gallons per person per day by 

using tank displacement, reducing 5.5 gallons per flush to 4 

(How to Compute Indoor Water Use. 19—). The estimated 

water for flushing by Slow the Flow and SAWARA also were 

shown in Table 2.8. 

In this study, 5 flushes per capita per day was used 

because it is the average frequency of these three studies, 

4, 5, and 6 times respectively. In this study, 3.4 gallons 

per toilet flushing was used for low-flush toilets, because 

it is the average gcd for low-flow toilet of the three 

studies, 3.5, 2.6 (the average of 0.75 and 4.5 in Slow the 

Flow), and 4 respectively. Therefore, 17 gallons of water 

used per person per day was used in this study for low-flush 
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toilet. 

For the non-conserving toilet, 5.15 gallons per 

toilet flushing was used in this study, because it is the 

average gcd for non-conserving toilet of the three studies, 

4.95 (the average gcd of not low-flush toilet in Brown and 

Caldwell's study), 5, and 5.5 respectively. Therefore, 

25.75 gallons of water used per person per day was used in 

this study for non-conserving toilet. 

2.2.3 Water Used by Washing Machine 

Based on Brown and Caldwell's study, the average 

clothes washing were 6.0 loads per dwelling per week, or 2.1 

loads per capita per week (Brown & Caldwell, 1984, p.4-4). 

The water used by washing machine was estimated by dividing 

the number of loads per capita per week by 7 days, and then 

multiplying by an average volume of water per load estimated 

by Consumer Reports (August 1983). 

Using an average of 47.5 gallons per load (Consumer 

Reports. August 1983) and 0.3 load per capita per day 

results in an average water usage of 14.3 gcd for washing 

machines (Brown & Caldwell, 1984, p.4-6). 

If all homes were equipped with washing machines in 

the low end of the range of water use (42 gallons per load), 

an average of 1.7 gcd water could be saved, a 12 percent 

reduction (Brown & Caldwell, 1984, p.4-6). 
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While the average of 47.5 gallons per load was 

estimated by Consumer Report (August 1983), an average of 

40-50 gallons for full load and 27 gallons for small load 

was adopted by SAWARA (How to Compute Indoor Water Use. 

19—), and an average of 35 gallons per load was estimated 

by Slow the Flow (1985, p.l). 

The washing machines use the same amount of water no 

matter they are full or half-empty (Slow the Flow. 1985, 

p.6). Therefore, users have to try to wash full loads, or 

adjust water level to reflect amount of clothes (How to 

Compute Indoor Water Use. 19 —) . 

In this study, 0.3 load per capita per day was 

adopted, according to Brown and Caldwell's study (1984). 

The water used for full load washing machine is 41.58 

gallons, the average gallons for full load in the three 

studies, 44.75 (average of 47.5 and 42 in Brown and 

Caldwell's study), 45 (average of 40 and 50 in SAWARA), and 

35 respectively. Therefore, 12.47 gallons of water was used 

per capita per day for washing machine. 

2.2.4 Water Used by Dishwasher 

In Brown and Caldwell's study (1984), dishwasher 

averaged 3.7 loads per dwelling per week, or 1.2 loads per 

capita per week (p.4-5). The water use per load of 

dishwashers varies from 8.5 to 12 gallons (Consumer Report. 
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August 1983). Using an average water use of dishwashers of 

10 gallons per load, results in an average of 1.7 gcd water 

used for dishwashers (Brown & Caldwell, 1984, p.4-6). Older 

dishwashers use about 14 gallons per load or 2.4 gcd 

(Consumer Report. August 1983). Replacing a 14-gallon-per-

load model with a 10-gallon-per-load dishwasher would save 

0.7 gcd; replacing the old model with an 8.5-gallon-per-load 

dishwasher would save 1.0 gcd (Consumer Report. August 

1983) . 

Water use per load of dishwasher is 16 gallons, 

which is adopted both by Slow the Flow (1985) and SAWARA 

(How to Compute Indoor Water Use. 19—). The amount could 

be reduced to 7 gallons by shorting the cycle (How to 

Compute Indoor Water Use. 19 —) . 

In this study, 1.2 loads per capita per week was 

adopted, according to Brown and Caldwell's study (1984). 

Thus, dishwasher uses 0.17 load per capita per day. The 

water used for a full load dishwasher is 12.5 gallons, the 

average gallons for full load in the three studies, 10, 11.5 

(average of 16 and 7 in SAWARA), and 16 respectively. 

Therefore, 2.13 gallons of water was used per capita per day 

for washing machine. 

2.2.5 Other Water Use 

Brown and Caldwell (1985) estimated there are 9 gcd 
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for faucet water use, 4.3 gcd for toilet leakage have to be 

added to the daily total water use (p.4-7). SAWARA 

estimated that 2 gallons was used to wash hands, 3 gallons 

to shave, 2 gallons to brush teeth, and another 2 gallons to 

cook and drink per person per day (How to Compute Indoor 

Water Use. 19—). The 2 gallons water used for cooking and 

drinking is for basic human needs. Except the cooking and 

drinking water, the other water uses could be reduced to 1 

gallon for washing hands and shaving by filling basin 

instead of tap running, to 0.5 gallon or less for brushing 

teeth by just wetting brush and rinsing briefly (How to 

Compute Indoor Water Use. 19—). 

The 9 gcd for faucet water use in Brown and 

Caldwell's study can be separated to 2 gallons for washing 

hand, 3 gallons for shaving, 2 gallons for brushing teeth, 

and 2 gallons for cooking and drinking per person per day, 

the same as SAWARA. Because SAWARA thought the 2 gallons 

for washing hands and the 3 gallons for shaving could be 

both reduced to 1 gallon, and the 2 gallons for brushing 

teeth could be reduced to 0.5 gallon, the average water for 

washing hand, shaving, and brushing teeth were 1.5, 2, and 

1.25 gallons respectively. 

In this study, 2 gallons water for cooking and 

drinking, 4.3 gallons water for toilet leakage were adopted. 

The adopted water used for washing hand, brushing teeth, and 



45 

shaving in this study were the average of Brown and 

Caldwell's and SAWARA's data, 1.75, 2.5, and 1.63 gcd 

respectively. 

2.3 Determinants of Residential Water Demand 

There are many studies estimating residential water 

demand in single-household dwellings but few studies of the 

determinants of indoor and outdoor water consumed in 

apartment complexes. The literature on residential demand 

provide conclusive evidence of several determinants of water 

demand. 

2.3.1 Water Price 

Price is an important component affecting consumer 

behavior. Increasing real prices reduces per capita water 

use, and decreasing real prices brings about higher use. 

The public is not fooled by nominal price increases, despite 

its general distaste for any increase at all (Martin, 

Ingram, Laney & Griffin, 1984, p.67). 

Numerous studies (Billings & Day, 1989; Chicoine, 

Deller, & Ramamurthy, 1986; Billings & Agthe, 1980; Foster & 

Beattie, 1979; Gibbs, 1978; Morgan & Smolen, 1976; Young 

1973) suggest that residential water demand is quite 

responsive to appropriately measured prices. Increasing 

water prices may be the only way to bring about meaningful 
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reductions in residential water use (Cameron & Wright, 1988, 

p.31). 

2.3.2 Socioeconomic Status and Income 

There is a positive relationship between 

socioeconomic status and the amount of water consumed by a 

family (Agthe & Billings, 1987; Darr, Feldman & Kamen; 1975; 

Field, 19—). Many studies (Primeaux & Hollman, 1973; Ware 

& North 1967; Gardner & Schick, 1964) included numerous 

variables such as the per capita value of homes, lawn area, 

number of bathrooms per household, etc., as explanatory 

variables instead of income. However, all of these 

variables are interrelated. An adequate income is required 

to purchase these items, and because of the household's 

budget constraint, the amount of each item purchased will 

affect the availability to purchase other items. 

Income can strongly influence water consumption. 

Household income is a significant determinant of urban 

residential water use. Billings and Day (1989) found that 

the price elasticity of demand for water in Tucson is 

about -0.7, i.e., for a 1 percent increase in the price of 

water, there is a 0.7 percent decrease in use. The low 

income households have the lowest price elasticities of 

demand because they have fewer uses for water and fewer 

substitutes for these uses. However, high income households 
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have lower price elasticity of demand because water 

represents a relatively smaller proportion of their total 

expenditures (Agthe & Billings, 1987; Foster & Beattie, 

1979)• Thus, if there is a uniform percentage rate 

increases, it will cause greater conservation among low 

income users than among higher income categories (Agthe and 

Billings, 1987). 

The price elasticity is also affected by seasons. 

Winter demand is primarily for indoor water use and is 

relatively constant, while summer demand is more for outdoor 

uses (Howe, 1982). Therefore, in the winter season the 

price is more inelastic than in summer (Howe, 1982). 

In Billings and Agthe's (19—) study, they found 

that for each $1,000 increasing in income there were about 

484 cubic feet of water increasing per household per year. 

The estimated income elasticity of demand for water is 0.22, 

indicating that for each 10 percent increase in household 

income, water use is expected to increase 2.2 percent (Agthe 

& Billings, 19—). The elasticities found in the Tucson 

study (Agthe & Billings, 19—) are similar to those shown in 

the studies of Israel (Darr, 1975) and San Francisco 

(Headly, 1963), but they are somewhat smaller than those of 

Santa Barbara (Morgan, 1973) and lower than the elasticities 

in the Kansas study (Gottlieb, 1963). 
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2.3.3 Water-Saving Devices 

About 75% of all water used indoors is used in the 

bathroom for flushing, washing, and bathing (Slow the Flow. 

1985). In fact, every type of household water use fixture 

can use less water and have the same effect. Water fixtures 

have been redesigned to save water. Significant water 

reduction is possible through greater adoption of water 

conservation devices (Sharpe, Young & Kinsley, 1982). 

The faucet control device could make a 25 percent 

saving in water used in sinks with aerators installed 

(Flack, Weakley & Hill, 1977, p.22). Besides, energy to 

heat water is also saved. Over 50 percent of the water used 

for sinks in commercial buildings has been saved with spray 

taps (Flack, Weakley & Hill, 1977, p.22). The water used in 

toilet flushing can be reduced 16 to 26 percent by the use 

of damming devices (Flack, Weakley & Hill, 1977, p.16). The 

washing machines can save 1.2 gcd by controlling water level 

according to the load (Flack, Weakley & Hill, 1977, p.23). A 

savings of from 7.5 to 12.5 gallons could be conducted by 

adjusting the cycle of dishwashers (Flack, Weakley & Hill, 

1977, p.23). 

2.3.4 Swimming Pool 

The climate in Tucson is suitable for outdoor 

swimming for more of the year than in most other areas of 



49 

the U.S., and that is why there are lots of domestic 

swimming pools in this area (DeCook, Haney, Stone & Doran, 

19—). The water requirements to maintain a swimming pool 

and a grass lawn of equal size are about the same (Martin, 

Ingram, Laney & Griffin, 1984, p.90). Pools do not explain 

a large part of overall water use, but they do represent a 

stable determinant of outdoor water use for those people who 

have them (Martin, Ingram, Laney & Griffin, 1984, p.90). 

The correlations between summer water use by the people in 

Tucson and their having or not having a swimming pool are 

significant, although quite low, from .14 to .19, depending 

on the year (Martin, Ingram, Laney & Griffin, 1984, p.90). 

Swimming pool covers could save water by decreasing 

the amount of water evaporated from the pools (DeCook, 

Haney, Stone & Doran, 19—, p.22). 

2.3.5 Landscape 

It is estimated that green lawns use about 123 

gallons per week per 100 square feet (ft2) of lawn. Over a 

year, the average water requirement for a grass lawn 

accounts for nearly 30 percent of the total average 

household consumption (Martin, Ingram, Laney & Griffin, 

1984, p.90). 

Since 1976, a number of Tucsonans have removed their 
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lawns and thereby reduced their water use (Mouat & Parton, 

1979). The landscaping tastes changed in Tucson with the 

resurgence of appreciation for the desert environment. The 

change to desert landscaping also has been encouraged by its 

ease of maintenance and a large increase in water rates. 

Unlike green lawn and tree landscaping, which require 

frequent watering, mowing, and pruning, desert landscaping 

can be quite carefree (Martin, Ingram, Laney & Griffin, 

1984, p.91). 

In Nelson's study (1987), he found an annual savings 

of $75 per dwelling unit in a condominium or townhouse 

development could be achieved by the use of a water-

conserving landscape design. These reductions in water and 

labor costs accounted for more than 80 percent of the total 

savings. He also found a strong correlation between the 

perimeter of the turf and water use, indicating that turf 

perimeter may be the best parameter for defining a water 

conserving landscape. 

The traditional lush green landscapes use 20-50% 

more water than low water use landscapes. Besides, the 

irrigation for lush landscapes frequently exceeds the annual 

requirements by 20-60% (Cotter & Croft, 1974). 

2.3.6 Age of Household Head 

The household heads of pre-retirement age (55-64) 



show a negative relationship to water use, indicating that 

the 10 preretirement years are a time of reduced water use. 

In contrast, the household heads at 65 and older show a 

positive relationship to water use (Billings & Day, 1989). 

Preretirement people may use less water at their residences 

both because they emphasize their work and they are absent 

from the home, whereas, postretirement individuals engage in 

more water-using activities, such as gardening, and spend 

more of their time at home (Billings & Day, 1989). 

2.3.7 Ages of Children 

There is a positive relationship between the age of 

the older child and the amount of water consumed by the 

family (Field, 19—, p.55). Water use increases as the age 

of the older child increases. About 11 percent of the water 

consumed by families may be explained by the age of the 

older child (Field, 19—, p.55). In Woodard and Rasmussen's 

(1984) study, young children consumed less water, both 

indoors and outdoors than old ones, because young children 

have lower usage of bath, shower and toilet facilities. On 

the other hand, teenagers consume more water outdoors than 

working age adults (Woodard & Rasmussen, 1984). 

2.3.8 Number of Persons Per Dwelling 

There is a strong relationship between family size 
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and water use (Billings & Day, 1983, p.5). For each 10 

percent increase in family size, water use increases about 

4.4 percent (Billings & Day, 1983, p.5). Howe-Linaweaver's 

theoretical domestic demand model (Howe & Linaweaver, 1967, 

p.17) showed that the number of persons per dwelling unit 

could affect the household water use. 

Woodard and Rasmussen (1984) found that indoor water 

demand is mainly dependent on the number of persons in the 

household, while outdoor water demand is not affected by the 

number of persons in the household. 

Agthe and Billings (1987) found out that the number 

of persons was significant for all but the highest income 

households. In middle income household with 4 members would 

use 111 cubic feet more than a household with only 3 

members. Among low income households, an increase member 

causes water use 59.7 cubic feet more per month. 

Although many researchers found that there is a 

strong relationship between the number of persons per 

dwelling, Morgan (1973) found that the water demand is 

invariant with the number of persons in the dwelling unit 

(p.1065). In Morgan's study, the residential water demand 

is solely a function of house value and price. 

2.3.9 Newcomers 

Newcomers to Arizona use substantially less water 



than those who live in Tucson for a long time, both indoors 

and outdoors (Woodard & Rasmussen, 1983, p.20). 

2.3.10 New Housing 

The areas with new residential developments tend to 

use less water (Billings & Day, 1989). This result may be 

the installed desert landscaping, small yards, or transient 

households that with little interest in yard plantings 

(Billings & Day, 1989). 

The determinants discussed above are found out in 

residential water demand models, the following determinants 

are related to apartment complexes. 

2.3.11 Home Ownership 

Homeowners tend to use less water than renters, 

presumably because they pay water bills directly while 

renters often do not (Billings & Day, 1989, p.63). This 

result also may cause by homeowners' ability to repair 

faulty plumbing fixtures and to install water-saving 

devices, while tenants are unlikely to do such activities 

(Billings & Day, 1983, p.5). 

2.3.12 Apartment Complex Size 

Small complexes are defined as having 14 or fewer 

units, while large complexes having 100 or more units 
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(Longstreth & Billings, 1990, p.34). Small complexes tend 

to be older than large ones (Longstreth & Billings, 1990, 

p.34). 

Water Use. Water use per capita and per occupied 

apartment are closely related (Longstreth & Billings, 1990, 

p.33). Although water use per occupied apartment per month 

(POAPM) varies widely, the average water use POAPM 

apparently falls with increasing complex size (Longstreth & 

Billings, 1990, p.33). 

Indoor Water Use. The efficiency of water use 

improves in indoor water use by size of complex because 

large complexes tend to be much newer than small ones 

(Longstreth & Billings, 1990, p.52). Therefore, improving 

building codes and their enforcement is an imperative for 

increasing water use efficiency in future apartments, many 

of which will be large (Longstreth & Billings, 1990, p.52). 

The main reason for installing water-saving features 

is to save money on water bills (Longstreth & Billings, 

1990, p.21). Large complexes are more likely to use low-flow 

showerhead than small apartments, whereas small apartments 

are slightly more likely than larger ones to have low-flow 

faucets (Longstreth & Billings, 1990, p.21). Water-saving 

toilets or toilet tank dams are unrelated to apartment size 
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(Longstreth & Billings, 1990, p.21). But, newer large 

complexes are slightly more likely to have water-saving 

toilets (Longstreth & Billings, 1990, p.36). 

The use of pipe insulation increases with apartment 

size (Longstreth & Billings, 1990, p.21). Large complexes 

are more likely to have pipe insulation than small ones, but 

newer small, not large, complexes are much more likely to 

have insulated pipes than their older counterparts 

(Longstreth & Billings, 1990, p.37). On the other hand, 

pipe insulation is associated with lower water use POAPM in 

small but not large complexes (Longstreth & Billings, 1990, 

p.37) . 

Outdoor Water Use. Desert landscaping is more 

common is smaller apartments than larger ones, while large 

complexes are more likely than small ones to have grass 

(Longstreth & Billings, 1990, p.13 & 34). Nearly all large 

complexes have swimming pools, but a greater percentage of 

small apartments than large ones use pool covers (Longstreth 

& Billings, 1990, p.34). The presence of grass is unrelated 

to the use of water POAPM in the summer but in the winter it 

is related with lower water use POAPM (Longstreth & 

Billings, 1990, p.35). Although large apartments water more 

frequently than small ones, large apartments water slightly 

more efficiently than small ones because large ones change 
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irrigation schedules more often (Longstreth & Billings, 

1990, p.35). 

Managers/Owners. Managers of smaller apartments are 

more likely to inform tenants about water conservation than 

in large ones (Longstreth & Billings, 1990, p.29), however, 

the efforts to inform tenants about water conservation seems 

ineffective to the tenants (Longstreth & Billings, 1990, 

p.30). Most small complexes are owned by individuals; while 

most large ones are owned corporately (Longstreth & 

Billings, 1990, p.37). 

Economic Factors. Tenants in small apartments are 

more likely to pay water bills than in large ones 

(Longstreth & Billings, 1990, p.37) 

2.3.13 Vacancy Rate 

The monthly water use POAPM in apartment increases 

with vacancy rate rising (Longstreth & Billings, 1990, 

p.42), for increasing water used in lawn to attract tenants. 

2.3.14 Race 

Both Black and Spanish-surnamed dominated areas tend 

to consume a lower than expected amount of water for their 



income and family size characteristics. But this 

relationship is not significant (Billings & Agthe, 1979, 

p.167) . 

2.4 Indoor and Outdoor Water Demand Model 

Many researchers (Billings & Day, 1989; Chicoine, 

Deller, & Ramamurthy, 1986; Billings & Agthe, 1980; Foster & 

Beattie, 1979; Morgan & Smolen, 1976) have studied the 

municipal water demand responsiveness to appropriately 

measured prices. Only Woodard and Rasmussen (1983) 

developed municipal water demand models to separate indoor 

and outdoor use. They used the Minimum Monthly Use method 

to separate indoor and outdoor water use. 

2.4.1 Ways to Separate Indoor and Outdoor Water Use 

Because the flow of sewage into the sewage treatment 

plant shows almost no seasonal variation (Martin, Ingram, 

Laney & Griffin, 1984, p.84), the researchers believe that 

the indoor use varies little over the whole year. Thus, 

they have assumed that the amount of water used indoors 

monthly is that of the month with minimum total water use. 

This is based upon the further assumption that there is no 

outdoor water use in that month, since the minimum water use 

month occurs in the winter (Woodard & Rasmussen, 1983; 

Martin, Ingram, Laney & Griffin, 1984, p.84-85). Therefore, 
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the outdoor water use of each other month is the differences 

between the monthly water use and the minimum monthly water 

use (Woodard & Rasmussen, 1983; Martin, Ingram, Laney & 

Griffin, 1984, p.84-85). For purpose of this study, this 

method of estimating outdoor water use will be called the 

Minimum Monthly Use method (MMU)• 

2.4.2 Indoor Water Demand 

In Woodard and Rasmussen's (1983) study, there are 

two variables in indoor water demand model, persons per 

household and the fraction of the population under age 5. 

They found that the indoor demand is a linear model. 

Persons per household has a positive coefficient; the more 

people in a household, the more water is demanded (Woodard & 

Rasmussen, 1983, p.13). On the other hand, the presence of 

young children under age 5 negatively affects water use, 

because these children use bath, shower and toilet 

facilities less (Woodard & Rasmussen, 1983, p.14). Thus the 

more people under age 5 in a household, the less water is 

demanded. In addition, the model is not strongly affected 

by income, home value, house age or any other variables 

(Woodard & Resmussen, 1983). 

2.4.3 Outdoor Water Demand 

While indoor water use is mainly dependent on the 
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number of persons in the household, Woodard and Rasmussen's 

(1983) outdoor model is more complex by including 

demographic, economic, and residency-related variables. The 

outdoor model is affected more by the dwelling than by the 

number of occupants (Woodard & Resmussen, 1983, p.17). For 

example, turf irrigation have very high economies of scale 

with the outdoor water use. The inclusion of highly 

correlated economic or residency variables make the outdoor 

water model to be a multiplicative, or log linear form. For 

example, if any of the explanatory variables like income, 

home value, or lot size approach zero, then outdoor water 

demand should approach zero (Woodard & Resmussen, 1983, 

p.17) . 

Woodard & Resmussen (1983) developed two outdoor 

models: maximum monthly and annual outdoor model. From the 

maximum monthly outdoor model, the peak month water demand 

could be estimated. Thus, the municipal water providers 

could plan for sufficient capacity to deliver the peak water 

demand. The annual outdoor model helps water managers to 

plan for sufficient water sources. Both of the outdoor 

models are log linear models. Neither of them has persons 

per household variable (Woodard & Resmussen, 1983, p.20). 

This reflects that the types of persons instead of the 

number in the household affect outdoor demand. Young 

children consume less water outdoors, while teenagers 



consume more. And retired old men tend to consume more 

water outdoors than working adults. Newcomers to Arizona 

use substantially less water than those who live in Tucson 

for a long time, both indoors and outdoors (Woodard & 

Resmussen, 1983, p.20). Among the economic variables, only 

lot size is significant in the outdoor model (Woodard & 

Resmussen, 1983, p.20). 
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CHAPTER THREE 

METHODS 

3.1 Conceptual Model 

The goal of this study is to develop and compare 

four different methods for estimating indoor and outdoor 

water use in apartment complexes. The four methods follow: 

1) Actual Use Method; 2) Minimum Monthly Use; 3) Appliance 

Monthly Use; and 4) All Indoor Water Use method. Each of 

these four methods is described below. 

3.1.1 Actual Use Method (AUM) 

Recently, Tucson Water Company has collected the 

actual indoor and outdoor water use of those apartment 

complexes by separating indoor and outdoor meters. With the 

collecting of actual indoor and outdoor water use, the ratio 

of indoor water use to total water use could be calculated 

for those apartment complexes. After the ratio being 

calculated, multiply sample's water use by the ratio to get 

estimated indoor water use. Then the outdoor water use of 

the samples would be the difference between total water use 

and the estimated indoor water use. Therefore, water used 

indoors can be distinguished from that used outdoors in the 

sample apartment complexes by the indoor-total water use 



ratio. For purposes of this study, this method will be 

called the Actual Use Method (AUM). 

Because the ratio was calculated by using actual 

indoor and outdoor water data, the accuracy of the estimates 

should be much higher than the estimates of other methods. 

Comparisons will be made between these estimates of water 

use and those from other models to see which of the other 

models are better estimators of indoor and outdoor water 

use. 

3.1.2 Minimum Monthly Use Method (MMU) 

The rational for the Minimum Monthly Use method is 

that the flow of sewage into the city's sewage treatment 

plant shows almost no seasonal variation, indicating that 

indoor water use varies little over year (Woodard & 

Rasmussen, 1983, p.9). Thus it is assumed that the month of 

minimum total water use reflects only indoor demand, since 

during that time very little water is used on landscaping or 

for cooling. In addition, the precipitation in that month 

exceeds evaporation rates, so it shows that all outdoor 

water uses are either zero or minimal during that month 

(Woodard & Rasmussen, 1984, p.8). Therefore, the monthly 

outdoor water use is the difference between total monthly 

water use and the minimum monthly water use. For purposes 

of this study, this method of estimating outdoor water use 
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will be called the Minimum Monthly Use method (MMU). 

With the Minimum Monthly Use method, the estimated 

indoor and outdoor water use could be compared with the 

amount that estimated by Actual Use Method to see whether 

Minimum Monthly Use is a convenient and reliable way to 

separate indoor and outdoor water for apartment complexes. 

If the Minimum Monthly Use is a reliable way to separate 

indoor and outdoor water use, then this method can develop 

reliable water demand models for apartment complexes. 

Therefore, the water managers could avoid the difficulty 

while doing residential water planning. 

3.1.3 Appliance Monthly Use Method (AMU) 

This method estimates indoor water use of each 

household by the number of people in household and the 

estimated water use per person per day of every appliance in 

the households. After the daily water use of each household 

being calculated, the number was multiplied by 30 to get 

monthly indoor water use. 

In this study, the adopted water usage for each 

appliance is the average amount estimated by Brown and 

Caldwell (1984), Pima County (Slow the Flow. 1985), and 

SAWARA (How to Compute Indoor Water Use. 19—). The 

detailed water use of each appliance of these three studies 

and the adopted water use for each appliance in this study 
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is discussed in the Chapter Two, Literature Review, and will 

be omitted in this section. The adopted water usage in this 

study is: 27.5 gcd for non-conserving showerhead, 10 gcd for 

low-flow showerhead, 25.75 gcd for non-conserving toilet 

flushing, 17 gcd for low-flush toilet, 12.47 gcd for washing 

machine, 2.13 gcd for dishwasher, 2 gcd for cooking and 

drinking, 1.75 gcd for washing hand, 2.5 gcd for brushing 

teeth, 1.63 gcd for shaving, and 4.3 gcd for toilet leakage. 

That is 80.3 gcd for indoor water use by non-conserving 

devices, and 54.05 gcd for indoor water use by all low-flow 

fixtures. 

This study adopts the number of average person per 

household used by Tucson Water for apartments and other 

multiple family, 1.85 (Provider Profile. 1988). This number 

of person per household would be adjusted according to each 

apartment complex's vacancy rate. 

The outdoor water use of the apartment complex for 

each month is the difference between the monthly total water 

use of that apartment complex and the sum of water used 

indoors in every apartment unit. This is based on the 

assumption that indoor water use varies little over the 

whole year. For purposes of this study, this method of 

estimating outdoor water use will be called the Appliance 

Monthly Use method (AMU). 

The estimated indoor water use by Appliance Monthly 
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Use method may give a better estimates than Minimum Monthly 

Use method, because Appliance Monthly Use get estimated 

indoor water use of each household by the number of people 

of each apartment unit and the estimated water use per 

person per day of every appliance in the household and sum 

it to get the estimated total indoor water use of the 

specific apartment complex. The indoor water use estimated 

by Appliance Monthly Use does not include the water used 

outdoors, while the possibility that the minimum monthly 

water use including water used outdoors is very high. 

Therefore, the Appliance Monthly Use maybe is a better 

estimators of indoor and outdoor water use than Minimum 

Monthly Use for apartment complexes. 

The estimated indoor and outdoor water use by the 

Appliance Monthly Use method could be compared with the 

indoor and outdoor water usage estimated by Actual Use 

Method to see whether Appliance Monthly Use is a convenient 

and reliable way to separate indoor and outdoor water for 

apartment complexes. 

3.1.4 All Indoor Water Use Method (AIW) 

Some apartment complexes have virtually no 

landscaping that needs to be watered. For these apartment 

complexes, the metered water usage is all for indoor use. 

Therefore, this type of apartment complexes could be 
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isolated from the others to be analyzed. For purposes of 

this study, this method will be called the All Indoor Water 

Use method (AIW). 

With the exact indoor water use of these apartment 

complexes, the estimated derived from the indoor demand 

models, Actual Use Method, Minimum Monthly Use method and 

Appliance Monthly Use method, could be tested to see whether 

they adequately estimate indoor water use. 

3.2 Samples of Actual Indoor and Outdoor Water Use 

For the actual indoor and outdoor water use, 3 0 

apartment complexes with separate indoor and outdoor meters 

were selected by Tucson Water Company to visit and trace the 

actual indoor and outdoor water use. The latest annual 

water use data is from June 1990 to May 1991. 

Among the 30 selected apartment complexes, the 

largest complex has 931 apartment units, and the smallest 

complex has 144 units. For the convenience, all the 

complexes are categorized into 6 levels based on their 

apartment units. The complex with the units less than 5 is 

grouped to Level 1, the units between 5 and 14 is grouped to 

Level 2, the units between 15 and 47 is grouped to Level 3, 

the units between 48 and 99 is grouped to Level 4, the units 

between 100 and 199 is grouped to Level 5, and the units 

greater than 200 is Level 6. The frequencies of the 
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selected complexes size level is shown in Table 3.1. 

Table 3.1 
Frequencies of Complexes Size Level in the Selected Samples 
with Separating Indoor and Outdoor Meters 

APTSIZE level Number of units Frequency 
in complex 

Percent 
(%) 

1 less than 5 0 0.0 

2 5-14 0 0.0 

3 15-47 0 0.0 

4 48-99 0 0.0 

5 100-199 8 26.7 

6 more than 200 22 73.3 

Total 30 100.0 

This 

3.3 Samples of 

study uses the same 

This Study 

samples as the study done 

by Dr. Molly Longstreth and Dr. Bruce Billings, the 

University of Arizona, for Tucson Water to study water use 

and conservation in apartments in Tucson, Arizona, 1988 

(Longstreth & Billings, 1990). But new annual water data, 

from June 1990 to May 1991, is used in this study. A 

selected apartment complexes served by Tucson Water Company 

were sampled. Managers of sample complexes were surveyed. 



68 

3.3.1 Selection of Managers/Owners 

Complexes which were served by Tucson Water were 

selected and thus the managers/owners to be interviewed were 

identified. A stratified random sampling method was 

adopted. The complexes were stratified by apartment size to 

ensure that large complexes were well represented, because 

one large complex accounts for as many tenants and as much 

water use as numerous small apartment complexes. The sample 

also was stratified by the income of the census tracts where 

the complexes were located to make sure that high and low 

income areas were adequately represented. 

Three hundred and forty five managers or owners were 

interviewed by telephone over a two-week period in October, 

1988. The response rate was 70 percent. 

3.3.2 Selection of Tenants 

There were 1428 tenants sampled from the apartment 

complexes selected from the 345 complexes where managers had 

completed interviews. Tenants who lived in high and low 

income areas were oversampled to ensure that a wide range of 

incomes was well represented. In the 1428 samples, vacant 

apartment units reduced the sample size to 1085, from which 

520 completed the questionnaire. Thus, the response rate 

was 48 percent. 
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3.3.3 Questionnaire 

Both tenants and managers or owners were asked about 

water-using and water-saving features of the apartments, 

related behaviors, and demographic characteristics of family 

members. Managers or owners were also asked about outdoor 

water use; and tenants were asked about their attitudes and 

preferences toward watering-saving features, water 

practices, and the landscapes. 

3.3.4 Sample Characteristics 

Complex Size. Among the 345 sampled apartment 

complexes, the largest complex has 702 apartment units, and 

the smallest complex has only 1 unit. The frequencies of 

the sampled complexes size level is shown in Table 3.2. The 

largest group is Group 2, 28.1%, and the smallest group is 

Group 6, 10.4%. Over 60% of the sampled complexes is medium 

to small complex, apartment units from 1 to 47. About a 

quarter (24.6%) of the sampled Complexes have unit more than 

100. 

Presence of Pool. Most of the samples, 59.7% of the 

complexes, have pools. The presence of pool in sampled 

complexes and the frequencies in each apartment size level 

(APTSI2E) are shown in Table 3.3 and Table 3.4. Over 75% of 

the complex with 15 units or more has swimming pool, in the 
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sample, each one of the complex with 200 units or more has 

swimming pool. On the contrary, over 70% of the sampled 

complex with unit less than 15 has no pool. Especially for 

the complex less than 5 units, the chance that the complex 

without a pool is over 92%. 

Table 3.2 
Frequencies of Sampled Complexes Size Level 

APTSIZE level Number of units 
in complex 

Frequency Percent 
(%) 

1 less than 5 52 15.1 

2 5-14 97 28.1 

3 15-47 66 19.1 

4 48-99 45 13.0 

5 100-199 49 14.2 

6 more than 200 36 

o
 

H
 

Total 345 100.0 
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Table 3.3 
Presence of Pool in Sampled Complexes 

Presence of pool Frequency Percent (%) 

Yes 206 59.7 

No 139 40.3 

Total 396 100.0 

Yard Type. A very large part of the samples have 

the yard type consume moderate to less water, 77.7%. The 

frequencies of the yard type in the whole sample and in each 

apartment size level (APTSIZE) are listed in Table 3.5 and 

Table 3.6, respectively. A very big part, over 89%, of the 

sampled complexes with APTSIZE equal 1 to 3 have yard 

consume moderate to very less water. Host of the complexes, 

over 63%, with APTSIZE equal to 4 or 5 have the yard consume 

moderate to a little more water. Over 60% of the very big 

complex with APTSIZE equal to 6 have mostly lush to lush 

green yard, whereas no such sample has completely desert 

yard. 
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Table 3.4 
Presence of Pool by APTSIZE 

Presence APTSIZE N 
of 1 2 3 4 5 6 
pool (%)b 

Frequency 
(%)' 

Yes 4 26 50 43 47 36 206 
(7.7) (26.8) (75.8) (95.6) (95.9)(100.0) (59.7) 

No 48 71 16 2 2 0 139 
(92.3) (73.2) (24.2) (4.4) (4.1) (.0) (40.3) 

Total 52 97 66 45 49 36 345 
(100.0)(100.0)(100.0)(100.0)(100.0)(100.0) (100.0) 

* Percentage in each APTSIZE. 
b Percentage in the whole sample. 

Table 3.5 
Yard Type of Sampled Complexes 

Yard type Frequency Percent (%) 

Completely Desert 49 14. .2 

Mostly Desert 105 30. .4 

Moderate Water Use 114 33, .1 

Mostly Lush Green 50 14. .5 

Lush Green 27 7. .8 

Total 345 100. .0 
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Table 3.6 
Yard Type in Each APTSIZE Level 

Yard Type APTSIZE N 
1 2 3 4 5 6 

(%) b  

Frequency 
(%)• 

Completely 14 22 11 2 0 0 49 
Desert (26.9) (22.7) (16.7) (4.4) (.0) (.0) (14.2) 

Mostly 23 38 23 8 9 4 105 
Desert (44.2) (39.2) (34.8) (17.8) (18.4) (11.1) (30.4) 

Moderate 12 27 25 21 20 9 114 
Water Use (23.1) (27.8) (37.9) (46.7) (40.8) (25.0) (33.1) 

Mostly Lush 2 8 7 11 11 11 50 
Green (3.8) (8.2) (10.6) (24.4) (22.4) (30.6) (14.5) 

Lush 1 2 0 3 9 12 27 
Green (1.9) (2.1) (.0) (6.7) (18.4) (33.3) (7.8) 

Total 52 97 66 45 49 36 345 
(100.0)(100.0)(100.0)(100.0)(100.0)(100.0) (100.0) 

* Percentage in each APTSIZE. 
b Percentage in the whole sample. 

3.4 Variables 

In this study several dependent and independent 

variables will be analyzed to estimate indoor and outdoor 

water use, and to compare the estimates to each other by 

different methods. Table 3.7 summarizes the variables used, 

how they were measured. 
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Table 3.7 
Definition of Variables 

Symbol Definition 

Dependent Variables 

RATIO 

INDRAUM 

The ratio of indoor water use and total water 
use by using the actual water data which were 
selected and collected by Tucson Water. 

The estimated monthly indoor water use per 
household for Actual Use Method. This 
estimate is got by multiplying the total 
monthly water use per apartment by RATIO, and 
then is adjusted for the complex's vacancy 
rate. 

INDRMMU 

OUTDRAUM The estimated monthly outdoor water use per 
household for Actual Use Method. This 
estimate is got by subtracting INDRAUM from 
total monthly water use per household 
adjusted by the vacancy rate. 

The estimated monthly indoor water use per 
household for Minimum Monthly Use method. 
This value is the minimum monthly water use 
per apartment complex divided by the 
apartment units in complex and is adjusted by 
complex's vacancy rate . 

The estimated monthly outdoor water use per 
household for Minimum Monthly Use method. 
It is the difference between total water use 
per household and INDRMMU. 

The estimated monthly indoor water use per 
apartment for Appliance Monthly Use method. 
It is the sum of daily indoor water use of 
every appliance multiple by the household 
size and times 30 days. 

OUTDRAMU The estimated monthly outdoor water use per 
household for Appliance Monthly Use method. 
It is the difference between adjusted total 
water use per household and INDRAMU. 

OUTDRMMU 

INDRAMU 
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Table 3.7 (Continued) 

Table 3.7 (Continued) 
Definition of Variables 

Symbol Definition 

INDRAIW The actual monthly indoor water use per 
household for All Indoor Water Use method. 
For the apartment complexes without 
landscaping need water , INDRAIW is the 
monthly metered water amount divided by the 
apartment units and is adjusted for the 
vacancy rate and evaporating water from 
evaporating cooler. 

Independent Variables 

VACANCY 

NTOTAPT 

APTSIZE 

YARDTYPE 

POOL 

The vacancy rate in percent for each 
apartment complex. 

The number of units in apartment complex. 

The number of units in apartment complex 
grouped into different level. 

l=Less than 5 units 
2=5-14 units 
3=15-47 units 
4=48-99 units 
5=100-199 units 
6=Larger than 200 units 

The perceived used type of vegetation in the 
yard of specific apartment complex. There 
are 5 types. 

l=Completely desert 
2=Mostly desert 
3=Moderate water use 
4=Mostly lush green 
5=Lush green, needs lots of water 

Whether the apartment complex has a swimming 
pool. 

0=No 
l=Yes 
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Table 3.7 (Continued) 

Table 3.7 (Continued) 
Definition of Variables 

Symbol Definition 

TENGAR Whether the tenants of apartment complex are 
allowed to garden individually. 

0=No 
l=Yes 

LOWSHWR Whether the apartment complex uses low-flow 
showerhead. 

0=No 
l=Yes 

LOWWC Whether the apartment complex use water-
saving toilets. 

0=No 
l=Yes 

CARWASH Whether the tenants of apartment complex are 
allowed to wash their car. 

0=No 
l=Yes 

FOUNTAIN Whether the apartment complex has a outdoor 
decorative fountain. 

0=No 
l=Yes 

RYE Whether the apartment complex has winter rye 
grass. 

0=No 
l=Yes 

PAY Whether the tenants pay individual water 
bills. 

0=No 
l=Yes 
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Table 3.7 (Continued) 

Table 3.7 (Continued) 
Definition of Variables 

Symbol Definition 

FREQUENCY The irrigation frequency for summer and rye 
grass, and other vegetation. 

l=Every day 
2=Every other day 
3=Every third day 
4=Three times a week 
5=Twice a week 
6=0nce a week 
7=Seldom 
8=Never 

DURATION The irrigation duration for summer and rye 
grass, and other vegetation. 

METHOD The irrigation methods to water grass. 
l=Flood 
2=Sprinklers 
3=Soak hose 
4=Drip 
5=0ther 

OPERATOR The one who operates the irrigation system. 
l=Manager 
2=A staff member 
3=An independent landscaper 
4=A tenant 
5=0ther 

KNOW The manager's knowledge about water rates. 
0=None to 5=Extensive 
(1 point for each rate question which 
was correctly answered) 
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Table 3.7 (Continued) 

Table 3.7 (Continued) 
Definition of Variables 

Symbol Definition 

MGREDUC 

MAGRAGE 

TENTAGE 

OTRAGE 

APTRENT 

PPOAU 

NEWCOMER 

The highest level of manager's education. 
0=No formal education 
l=Grade school 
2=Some high school 
3=High school graduate 
4=Trade school 
5=Some college 
6=College graduate 
7=Some graduate work 
8=A graduate degree 

The manager's age. 

The age of the head of tenant household. 

The age of other members of the tenant's 
household. 

The average monthly rent. 

The average number of people per occupied 
apartment unit in the apartment complexes. 

Whether the manager has lived in Southern 
Arizona less than 5 years. 

0=No 
l=Yes 
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3.5 Statistical Analysis and Model 

Statistical analysis involved the examination of 

average monthly household water use indoors and outdoors in 

different methods. T-tests were performed to determine 

whether the estimated indoor and outdoor water use per month 

per household differed by methods. 

Regression analysis was used to determine the effects 

of complex size, average apartment rent, vacancy rate, and 

manager's highest education level on the indoor and outdoor 

water use. The conceptual model tested were: 

INDRUSE; = f(APTSIZE, APTRENT, VACANCY, MGREDUC) 

OUTDRUSEj = f(APTSIZE, APTRENT, VACANCY, MGREDUC) 

where INDRUSEj and OUTDRUSE' equal the average indoor and 

outdoor water use per month per household; i = methods; 

APTSIZE is the apartment size level; APTRENT is the average 

rent of each apartment unit; VACANCY is the vacancy rate of 

sampled complex; and MGREDUC is the highest education level 

of manager's. 
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CHAPTER FOUR 

RESULTS 

4.1 Summary of Sample and Variables 

A general description of the variables of the four 

methods in the study and the summary statistics (means, 

standard deviation, and maximum and minimum values) are 

discussed in this section. First of all, the summary 

statistics of vacancy rate (VACANCY) and number of apartment 

units (NTOTAPT) for each apartment size level (APTSIZE) are 

shown in Table 4.1 and Table 4.2. 

Table 4. 1 
Summary Statistics of VACANCY Rate 

APTSIZE Mean of S.D. of Maximum of Minimum of N 
VACANCY VACANCY VACANCY VACANCY (%) 

1 8.720% 6.540 50.000% 3.125% 52 

2 9.498 10.717 90.000 .000 
(15.1) 
97 

3 9.157 7.241 34.722 .000 
(28.1) 
66 

4 10.928 9.712 43.750 1.000 
(19.1) 

45 

5 12.671 8.054 40.187 .368 
(13.0) 

49 
(14.2) 

6 12.590 8.759 39.386 .000 36 
(10.4) 

Total 10.275 8.913 90.000 .000 345 
(100.0) 



Table 4.2 
Summary Statistics of the Number of Units in Each Apartment 
Size Level 

APTSIZE Mean of 
NTOTAPT 

S.D. of 
NTOTAPT 

Maximum of 
NTOTAPT 

Minimum of 
NTOTAPT 

N 
(%) 

1 3.385 .844 4.000 1.000 52 
(15.1) 

2 8.588 2.922 14.000 5.000 97 
(28.1) 

3 28.778 9.024 47.000 15.000 66 
(19.1) 

4 70.244 15.888 96.000 48.000 45 
(13.0) 

5 145.449 26.112 198.000 104.000 49 
(14.2) 

6 294.889 95.922 702.000 200.000 36 
(10.4) 

Total 69.023 96.147 702.000 1.000 345 
(100.0) 

When calculating the average water use per month per 

household, each of the four methods have to adjust the 

apartment units by the vacancy rate to get adjusted 

household units. The complexes in the smallest APTSIZE have 

the lowest vacancy rate. Although the highest vacancy rate 

is in the fifth level of APTSIZE, general speaking, the 

vacancy rate increases with apartment size increasing. The 

complex with higher APTSIZE level tends to have higher 

vacancy rate, but the maximum vacancy rates in small 

complexes (90% and 50%) are much higher than in large 

complexes (40%). 
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The average apartment units in each APTSIZE level 

are listed in Table 4.2; this tells more than the apartment 

size level. The vacancy rates and the average apartment 

units in each apartment size level (APTSIZE) are unchanged 

throughout the study, thus they are illustrated before the 

discussion of the four methods. But for method four (All 

Indoor Water Use method), the qualified samples have 

different statistics and will be discussed in the latter 

part. 

4.1.1 Sample Statistics in Actual Use Method 

Actual Indoor-Total Water Use Ratio. For the 30 

selected samples by Tucson Water Company, the ratio of 

indoor and total water use (RATIO) for different apartment 

size level and the overall mean is summarized in Table 4.3. 

Table 4.3 
Summary Statistics of the Actual Indoor-Total Water Use 
Ratio 

APTSIZE Mean of S.D. of Maximum of Minimum of N 
RATIO RATIO RATIO RATIO (%) 

5 .750 .120 .932 .551 8 
(26.7) 

6 .746 .140 .947 .470 22 
(73.3) 

Total .747 .133 .947 .470 30 
(100.0) 
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Since all of the 30 samples with separate indoor 

and outdoor meters are in APTSIZE level 5 and 6, there is no 

indoor-total ratio (RATIO) for the other apartment size 

levels. Therefore, in this study the mean of RATIO (.747) 

was adopted to separate water use of the sampled complexes 

into indoor and outdoor water use. 

Estimated Actual Water Use. To get the estimated 

monthly indoor water use, multiple the monthly water use of 

each sample by RATIO (.747). Thus, the estimated monthly 

outdoor water use would be the difference between total 

water use and the estimated indoor water use. 

Both the monthly indoor and outdoor water use need 

to be divided by the adjusted number of units in complex 

(NTOTAPT), which is adjusted by the vacancy ratio, to get 

per month per household indoor (INDRAUM) and outdoor 

(OUTDRAUM) water use. Summary statistics of INDRAUM, 

OUTDRAUM, NTOTAPT and APTSIZE for the whole sample are 

presented in Table 4.4. For each apartment size level, 

summary statistics are listed in Table 4.5. 
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Table 4.4 
Summary Statistics of Variables in Actual Use Method 
(Method 1) 

Variable name Mean Standard Maximum Minimum 
deviation 

Dependent Variables 

INDRAUM* 6.137 3 . 199 28 .774 1. 054 

OUTDRAUM" 2.078 1. 083 9 .745 • 357 

IndeDendent Variables 

NTOTAPT 69.023 96. 147 702 .000 1. 000 

APTSIZE 3.145 1. 584 6 .000 1. 000 

* Average water use per month per household unit in c.c.f.. 

Table 4.5 
Summary Statistics of Variables in Actual Use Method (Method 
1) for Different APTSIZE Value 

APTSIZE Variable Mean SD Max Min N 
name (c.c.f.) (c.c.f.) (c.c.f. ) (%) 

1 INDRAUM' 6.318 3 .004 12.483 1.907 52 
(15.1) 

OUTDRAUM" 2.140 1 .018 4.228 .640 

2 INDRAUM* 6.320 3 .575 27.514 1. 054 97 
(28.1) 

OUTDRAUM* 2.140 1 .211 9.319 .357 

3 INDRAUM* 5.779 3 .627 28.774 2.254 66 
(19.1) 

OUTDRAUM* 1.957 1 .228 9.745 .763 
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Table 4.5 (Continued) 

Table 4.5 
Summary Statistics of Variables in Actual Use Method (Method 
1) for Different APTSIZE Value 

APTSIZE Variable Mean SD Max Min N 
name (c.c.f.) (c.c.f.) (c.c.f. ) (%) 

4 INDRAUM" 6.452 3.578 22.881 1.380 45 
(13.0) 

OUTDRAUM* 2.185 1.212 7.750 .467 

5 INDRAUM" 6.355 2.340 13.250 2.644 49 
(14.2) 

OUTDRAUM* 2.152 .792 4.488 .895 

6 INDRAUM* 5.349 1.762 10.588 2.407 36 
(10.4) 

OUTDRAUM* 1.811 .597 3.586 .815 

Total INDRAUM* 6.137 3.199 28.774 1.054 345 
(100.0) 

OUTDRAUM* 2.078 1. 083 9.745 .357 

* Average water use per month per household unit. 

APTSIZE 3 and 6 have both indoor (INDRAUM) and 

outdoor (OUTDRAUM) water use below the mean, except for 

these two groups, all other groups consumes more water than 

mean both indoors and outdoors. APTSIZE 4 and 5 consume the 

most and second amount of water both indoor and outdoor. It 

seems that the outdoor water use increases with indoor water 

increasing. The complexes in APTSIZE level 6 consume least 

water both indoor and outdoor maybe it is because of large 
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parking space and installing of water-saving devices. 

4.1.2 Sample Statistics in Minimum Monthly Use Method 

The minimum monthly water use occurs during winter 

according to literature review (Martin, Ingram, Laney & 

Griffin, 1984). The frequency of minimum monthly water 

useage is listed in Table 4.6. The greatest frequency is 

January, 34.5%. It is assumed that during January there was 

very little water is used on landscaping, for cooling, 

because normally in January the precipitation exceeds the 

evaporation rates more than in other months. 

Table 4.6 
Frequency of the Month with Minimum Monthly Water Use 
(Method 2) 

Month Frequency Percent(%) 

January 119 34.5 

February 60 17.4 

March 74 21.4 

October 47 13.6 

November 25 7.2 

December 20 5.8 

Total 345 100.0 
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The minimum monthly water use was substituted for 

the monthly indoor use. It is assumed that the month of 

minimum total water use reflects only indoor demand, since 

during that time very little water is used on landscaping 

for cooling. Thus the annual outdoor water use is the 

difference between the total annual water use and annual 

indoor water use which is twelve times minimum monthly water 

use. The average indoor water use per household per month 

(INDRMMU) is the minimum monthly water use divided by the 

adjusted units of complex (NTOTAPT). The average outdoor 

water use per household per month is the annual outdoor 

water use divided by the adjusted units of complex 

(NTOTAPT). Summary statistics of the monthly estimated 

indoor and outdoor use for each household are presented in 

Table 4.7. For each apartment size level, summary 

statistics are listed in Table 4.8. 

The indoor water use increases with apartment size 

increasing, while outdoor water decreases with apartment 

size increasing. The average indoor water consumption per 

month per household of the complexes in APTSIZE 1 to 3 are 

all below the mean, while larger complexes consume more than 

mean. But the households in the largest apartment complexes 

consumed the least indoor and outdoor water use; it maybe 

the very large complexes have water-saving devices in 

apartment and lots of parking spaces. 
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Table 4.7 
Summary Statistics of Vriables in Minimum Monthly Use 
(Method 2) 

Variable name Mean Standard Maximum Minimum 
deviation 

Dependent Variables 

INDRMMU* 6.084 3. 246 30. 127 .651 

OUTDRMMU* 2.133 1. 850 12 . 326 . 000 

Independent Variables 

NTOTAPT 69.023 96. 147 702. 000 1.000 

APTSIZE 3.145 1. 585 6. 000 1.000 

" Average water use per month per household unit in c.c.f. 

Table 4.8 
Summary Statistics of Variables in Minimum Monthly Use 
Method (Method 2) by APTSIZE 

APTSIZE Variable Mean SD Max Min N 
name (c.c.f.) (c.c.f.) (c.c.f. ) (%) 

1 INDRMMU* 5.827 3 .210 15.183 1.047 52 
(15.1) 

OUTDRMMU" 2.634 2 .233 10.760 .000 

2 INDRMMU* 5.908 3 .584 29.000 .651 97 
(28.1) 

OUTDRMMU* 2.552 1 .985 12.326 .196 

3 INDRMMU* 5.895 3 .772 30.127 1.361 66 
(19.1) 

OUTDRMMU* 1.843 1 .671 9.642 .000 
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Table 4.8 (Continued) 

Table 4.8 
Summary Statistics of Variables in Minimum Monthly Use 
Method (Method 2) by APTSIZE 

APTSIZE Variable Mean SD Max Min N 
name (c.c.f.) (c.c.f.) (c.c.f. ) (%) 

4 INDRMMU* 6.546 3.372 19.571 1.423 45 
(13.0) 

OUTDRMMU" 2.092 2.103 11.060 .290 

5 INDRMMU* 6.819 2.357 14.597 2.935 49 
(14.2) 

OUTDRMMU* 1.696 1.230 4.827 .000 

6 INDRMMU' 5.700 1.887 12.119 2.679 36 
(10.4) 

OUTDRMMU* 1.460 1.000 4.493 .192 

Total INDRMMU* 6.084 3.246 30.127 .651 345 
(100.0) 

OUTDRMMU* 2.133 1.850 12.326 .000 

" Average water use per month per household unit. 

4.1.3 Sample Statistics in Appliance Monthly Use Method 

This method estimates daily indoor water use per 

person by using the estimated water amount for each 

appliance. For non-conserving showerhead and toilet dam, 

the daily water consuming is 27.5 and 25.75 gallons per 

person. Low-flow showerhead consumes 10 gcd, and low-flush 

toilet uses 17 gcd. A 27.05 gallons would be used per 

person per day for washing clothes, washing dish, cooking, 

drinking, washing hand, brushing teeth, shaving and for 
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toilet leaking. The detailed water use of each appliance is 

discussed in the Chapter Two, and will be omitted here. 

After the daily indoor water use for each person was 

calculated, it was multiplied by the number of person (1.85) 

(Provider Profile. 1988) in each household and then by 30 

days to get monthly indoor water use per household 

(INDRAMU). The monthly outdoor water use per complex is the 

difference between monthly total water use and the product 

of INDRAMU times adjusted household units. Therefore, 

the average outdoor water use per month per household 

(OUTDRAMU) is the monthly outdoor water use divided by the 

adjusted household units. 

Summary statistics of the estimated indoor and 

outdoor water use for monthly household water use are 

presented in Table 4.9. For each apartment size level, 

summary statistics are listed in Table 4.10. 

Again, like method 1 and method 2, the complexes in 

APTSIZE 6 consume the least water both indoor and outdoor. 

Both indoor and outdoor water use in APTSIZE 3 and 6 are 

below the mean, all the indoor and outdoor water use in 

other apartment size level are above the mean. This maybe 

the installation of water-saving devices is more in APTSIZE 

3 and 6 than the others, and large parking lot are needed 

for large apartment size level so that the watered area 

decreases. 



Table 4.9 
Summary Statistics of Variables in Appliance Monthly Use 
Method (Method 3) 

Variable name Mean Standard Maximum Minimum 
deviation 

Deoendent Variables 

INDRAMU* 4.958 1. 176 5. 938 2. 157 

OUTDRAMU" 3.461 4. 096 32. 581 • 000 

IndeDendent Variables 

NTOTAPT 69.023 96. 147 702. 000 1. 000 

APTSIZE 3.145 1. 584 6. 000 1. 000 

' Average water use per month per household unit in c.c.f. 

Table 4.10 
Summary Statistics of Variables in Appliance Monthly Use 
Method (Method 3) by APTSIZE 

APTSIZE Variable 
name 

Mean 
(c.c.f.) 

SD Max 
(c.c.f.) 

Min 
(c.c.f.) 

N 
(%) 

1 INDRAMU* 5.074 1 .143 5.938 2.508 52 
(15. 1) 

OUTDRAMU* 3.689 3 .517 11.193 .000 

2 INDRAMU* 5.121 1 .145 5.938 2.157 97 
(28. 1) 

OUTDRAMU* 3.547 4 .732 30.895 .000 

3 INDRAMU* 4.769 1 .283 5.938 2.157 66 
(19. 1) 

OUTDRAMU* 3.140 4 .542 32.581 .000 
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Table 4.10 (Continued) 

Table 4.10 
Summary Statistics of Variables in Appliance Monthly Use 
Method (Method 3) by APTSIZE 

APTSIZE Variable Mean SD Max Min N 
name (c.c.f.) (c.c.f.) (c.c.f.) (%) 

4 INDRAMU* 4.997 1.313 5.938 2.508 45 
(13. 0) 

OUTDRAMU* 3.918 4.440 25.991 .000 

5 INDRAMU* 5.038 1.057 5.938 2.508 49 
(14. 2) 

OUTDRAMU* 3.608 3.206 13.747 .000 

6 INDRAMU* 4.542 1.248 5.938 2.508 36 
(10. 4) 

OUTDRAMU* 2.716 2.672 9.252 .000 

Total INDRAMU* 4.958 1.176 5.938 2.157 345 
(100. 0) 

OUTDRAMU" 3.461 4.096 32.58.1 .000 

* Average water use per month per household unit. 

The presence of low-flow showerhead (LOWSHWR) and 

low-flush toilet (LOWWC) in each apartment size level 

(APTSIZE) are listed in Table 4.11 and Table 4.12, 

respectively. Most of the samples didn't have such 

water-saving devices, 66.0% and 79.4% for LOWSHWR and LOWWC. 

About the low-flow showerhead, the installing rate increases 

with apartment size increasing, from 19.2% to 50%. 

Approximately half of the sampled complexes in APTSIZE 6 
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Table 4.11 
Presence of Low-flow Showerhead by APTSIZE 

Presence 
of 

LOWSHWR 
1 2 

APTSIZE 
3 4 5 6 

«—
N

 

<*>
 
2
 

C
P

 

Presence 
of 

LOWSHWR 
Frequency 

(%)* 

«—
N

 

<*>
 
2
 

C
P

 

Yes 10 
(19.2) 

22 
(22.7) 

21 19 
(31.8) (42.2) 

17 
(34.7) 

18 
(50.0) 

107 
(31.0) 

No 42 
(80.8) 

75 
(77.3) 

45 26 
(68.2) (57.8) 

32 
(65.3) 

18 
(50.0) 

238 
(69.0) 

Total 52 97 66 45 49 36 
(100.0)(100.0)(100.0)(100.0)(100.0)(100.0) 

345 
(100.0) 

' Percentage in each APTSIZE. 
b Percentage in the whole sample. 

Table 4.12 
Presence of Low-flush Toilet by APTSIZE 

Presence APTSIZE N 
of 1 2 3 4 5 6 

LOWWC (%)b 
Frequency 

(%) a 

Yes 9 21 17 9 11 4 71 
(17.3) (21.6) (25.8) (20.0) (22.4) (11.1) (20.6) 

No 43 76 49 36 38 32 274 
(82.7) (78.4) (74.2) (80.0) (77.6) (88.9) (79.4) 

Total 52 97 66 45 49 36 345 
(100.0)(100.0)(100.0)(100.0)(100.0)(100.0) (100.0) 

' Percentage in each APTSIZE. 
b Percentage in the whole sample. 
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have low-flow showerhead, whereas only 11.1% of samples 

complexes installed low-flush toilet. The highest 

installation rate of low-flush toilet occurs in group 

APTSIZE 3. Maybe this could explain the lower indoor use in 

APTSIZE 3. 

The summary statistics of indoor (INDRAMU) and 

outdoor (OUTDRAMU) water use per month per household unit, 

number of apartment units (NTOTAPT) and apartment size level 

(APTSIZE) by the presence of low-flow showerhead and 

low-flush are showed in Table 4.13. 

In the group with low-flow showerhead, the subgroup 

with low-flush toilet consume less water both indoor and 

outdoor. In another group without low-flow showerhead, the 

subgroup with low-flush toilet use less water both indoor 

and outdoor, too. This may indicate that apartment managers 

whose complexes have low-flow toilet reduce water use both 

indoors and outdoors. In the group with or without 

low-flush toilet, the subgroup with low-flow showerhead use 

less indoor water but use more outdoor water than without. 

It implies that maybe the low-flow showerhead can only 

affected indoor water use. No matter with or without 

low-flush toilet, the household with low-flow showerhead 

consumes less indoor water than the one without ,but there 

is no decreasing in outdoor water use. 



95 

Table 4.13 
Summary Statistics of Variables in Presence of Low-flow 
Showerhead by Low-flush Toilet 

LOWSHWR LOWWC Variable Mean SD Max Min N 
name (%) 

Yes Yes INDRAMU* 3.722 .656 3.990 2.157 41 
(38.3) 

OUTDRAMU* 3.922 3.156 13.747 .000 

NTOTAPT 60.683 73.611 326.000 1.000 

APTSIZE 3.268 1.379 6.000 1.000 

No INDRAMU" 4.091 .939 4.640 2.508 66 
(61.7) 

OUTDRAMU* 4.506 4.74 25.991 .000 

NTOTAPT 111.470 116.698 464.000 2.000 

APTSIZE 3.818 1.700 6.000 1.000 

Subtotal INDRAMU' 3.949 .858 4.640 2.157 107 
(100.0) 

OUTDRAMU" 4.282 4.202 25.991 .000 

NTOTAPT 92.009 104.934 464.000 1.000 

APTSIZE 3.607 1.600 6.000 1.000 



Table 4.13 (Continued) 

Table 4.13 
Summary Statistics of Variables in Presence of Low-flow 
Showerhead by Low-flush Toilet 

LOWSHWR LOWWC Variable 
name 

Mean SD Max Min N 
(%) 

No Yes INDRAMU* 

OUTDRAMU* 

5.127 

2.911 

.617 

2.999 

5.289 

11.193 

2 .859 

.000 

30 
(12. 6) 

NTOTAPT 46.367 65.604 246.000 1 .000 

APTSIZE 2.767 1.501 6.000 1 .000 

No INDRAMU* 

OUTDRAMU* 

5.453 

3.118 

1.046 

4.132 

5.938 

32.581 

3 .210 

.000 

208 
(87. 4) 

NTOTAPT 60.466 93.273 702.000 2 .000 

APTSIZE 2.962 1.541 6.000 1 .000 

Subtotal INDRAMU* 

OUTDRAMU* 

5.412 

3.092 

1.007 

4.002 

5.938 

32.581 

2 .859 

.000 

238 
(100. 0) 

NTOTAPT 58.689 90.262 702.000 1 .000 

APTSIZE 2.937 1.534 6.000 1 .000 

Total INDRAMU* 

OUTDRAMU* 

4.958 

3.461 

1.176 

4.096 

5.938 

32.581 

2 .157 

.000 

345 
(100. 0) 

NTOTAPT 69.023 96.147 702.000 1 .000 

APTSIZE 3.145 1.584 6.000 1 .000 

* Average water use per month per household unit in c.c.f. 
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4.1.4 Sample Statistics in All Indoor Water Use Method 

The apartment complexes without "landscaping that 

needs to be watered" are the complexes that do not have 

pools, fountains, grass in the complex outdoor design; and 

the yard type is native desert. Tree irrigation seldom 

occurs and then only during drought period. The tenants are 

not allowed to wash cars or garden individually. All these 

variables would increase the outdoor water use if they 

occurred. 

Among all respondents in the study, 18 were eligible 

for this AIW sample group. None were above APTSIZE level 3. 

APTSIZE level 2 is the largest group (66.7%) in the 

qualified samples. The sample size and the composition of 

apartment size level is listed in Table 4.14. Summary 

statistics are presented in Table 4.15. For each apartment 

size level, summary statistics are listed in Table 4.16. 

In this category, only small to medium complexes 

(APTSIZE = 1 to 3) qualified for this method of measurement. 

Since there are so few qualified complex it indicates that 

apartment complex favor outdoor water usage. 

The mean (6.142) of indoor water use per month per 

household is similar to the mean (6.137) in the first method 

(Actual Use Method). This may implies that the estimated 

indoor water use by method 1 and method 4 are almost the 

same. Although the mean of the two methods are very 
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similar, the indoor water use in each APTSIZE level is not 

similar. 

Table 4.14 
Frequencies of Eligible Complexes Size Level in All Indoor 
Water Use Method (Method 4) 

APTSIZE level Number of units 
in complex 

Frequency Percent 
(%) 

1 less than 5 4 22.2 

2 5-14 12 66.7 

3 15-47 2 11.1 

4 48-99 0 0.0 

5 100-199 0 0.0 

6 more than 2 00 0 0.0 

Total 18 100.0 

Table 4.15 
Summary Statistics of Variables in All Indoor Water Use 
Method (Method 4) 

Variable name Mean Standard Maximum Minimum 
deviation 

Dependent Variable 

INDRAIW* 6.142 2.669 12.036 1.907 

Independent Variables 

NTOTAPT 9.000 4.911 21.000 2.000 

APTSIZE 1.889 .583 3.000 1.000 

* Average water use per month per household unit in c.c.f. 
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Table 4.16 
Summary Statistics of Variables in All Indoor Water Use 
Method (Method 4) by APTSIZE 

APTSIZE Variable Mean 
name 

SD Max Min N 
(%) 

1 Dependent Variable 4 

INDRAIW* 5.431 3 .230 9.739 1 .907 (22.2) 

Independent Variable 

NTOTAPT 3.250 .957 4.000 2 .000 

2 Dependent Variable 12 

INDRAIW' 6.660 2 .643 12.036 1 .922 (66.7) 

Independent Variable 

NTOTAPT 9.417 2 .906 14.000 5 .000 

3 Dependent Variable 2 

INDRAIW' 4.456 1 .401 5.447 3 .465 (11.1) 

Independent Variable 

NTOTAPT 18.000 4 .243 21.000 15 .000 

Total 18 
(100.0) 

* Average water use per month per household unit in c.c.f.. 

4.2 T-test Analysis 

T-tests were used to analyze and compare the 

estimated indoor and outdoor water use by each method. 

Summary of T-tests are listed in Table 4.17. 
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Table 4.17 
Summary of T-tests for Estimated Indoor Water Use by Method 

Method Variable 
name 

Mean 
(c.c.f.) 

Diff. 
mean 

T 
value 

Degr of 
freedom 

2-tail 
prob. 

1 

2 

INDRAUM 

INDRMMU 

6.1368 

6.0839 
• 0529 .74 344 .460 

1 

3 

INDRAUM 

INDRAMU 

6.1368 

4.9581 
1. 1787 6.67 344 .000' 

1 

4 

INDRAUM 

INDRAIW 

4.9120 

6.1423 
-1. 2303 -7.60 17 .000* 

2 

3 

INDRMMU 

INDRAMU 

6.0839 

4.9581 
1. 1258 6.31 344 .000* 

2 

4 

INDRMMU 

INDRAIW 

4.8477 

6.1423 
-1. 2946 -5.54 17 .000* 

3 

4 

INDRAMU 

INDRAIW 

4.8673 

6.1423 
-1. 2751 -2.09 17 .052 

Significant difference at p < .05. 

Since there are only 18 samples are eligible for the 

method 4, t-tests use these 18 samples to compare the means 

of method 4 and other three methods. Therefore, the means 

of method 1 to 3 would change when they were compared to the 

mean of method 4. 

A statistically significant difference in estimated 



indoor water use was found between the two methods 1 and 3, 

1 and 4, 2 and 3, and 2 and 4 (p < .001). The estimated 

indoor water use per month per household of method 1 and 2 

are founded to be the same (p = .46). For the method 3 and 

4, the estimated indoor water use per month per household 

could be accepted to be the same (p > .05). 

Although the mean of the whole sample's indoor water 

use of method 1 (6.1368) is very similar to the mean of 

eligible samples of method 4 (6.1423), the result of t-test 

shows that there is significant difference between the 

estimated indoor water use of these two methods. This 

difference may be derived by the small sample size (18). 

Table 4.18 
Summary of T-tests for Estimated Outdoor Water Use by Method 

Method Variable Mean Diff. T Degr of 2-tail 
name (c.c.f.) mean value freedom prob. 

1 OUTDRAUM 2.0785 
-.0550 -.77 344 .442 

2 OUTDRMMU 2.1335 

1 OUTDRAUM 2.0785 
-1 .3824 -8.36 344 .000' 

3 OUTDRAMU 3.4609 

2 OUTDRMMU 2.1335 
-1 .3275 -7.92 344 .000* 

3 OUTDRAMU 3.4609 

Significant difference at p < .05. 
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Since all water used by the eligible samples in the 

method 4 was assumed to be used indoors, there was no 

outdoor water use in method 4. The estimated outdoor water 

use would be compared among the other three methods. A 

statistically significant difference in estimated outdoor 

water use was found between the two methods 1 and 3, 2 and 

3, (p < .001). The estimated outdoor water use per month 

per household of method 1 and 2 are founded to be the same 

(p >= .442). 

4.3 Regression Results 

Regression analysis was used to determine the 

effects of complex size, average apartment rent, vacancy 

rate, and the manager's highest education level on the 

estimated indoor and outdoor water use. 

The model used to determine effects of independent 

variables on indoor water use was: 

INDRUSE), = b0 + b,APTSIZEi + b2APTRENT; + bjVACANCY, + 

b4MGREDUCj + U; 

0UTDRUSEb = b0 + b^PTSIZE, + b2APTRENT; + b3VACANCYi + 

b4MGREDUCj + U( 

where INDRUSEi and OUTDRUSEi equals the average indoor and 

outdoor water per month per household; i = the methods; 

APTSIZE is the apartment size level; APTRENT is the average 
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rent per month per household; VACANCY is the vacancy rate of 

complex; MGREDUC is the manager's highest education level. 

The results of indoor and outdoor are summarized in Table 

4.19 and 4.20. 

Table 4.19 
Parameter Estimates for the Estimated Indoor Water Use in 
Different Methods (t-statistic in parenthesis) 

Independent Method 1 Method 2 Method 3 Method 4 
variables Coeff. Coeff. Coeff. Coeff. 

APTSIZE — .080 .011 -.117 -.163 
( -1 .447) ( .207) (-2.059)* (-.507) 

APTRENT -.064 -.030 .206 -.308 
( -1 .182) (" .568) (3.722)" (-1.038) 

VACANCY .323 .320 -.069 .114 
(5 .927)" (5 

•
 

•
 CM CO CO 

(-1.242) (.345) 
MGREDUC .024 -.059 -.082 -.240 

(-.433) ("1 .065) (-1.448) (-.781) 
N 345 .000 345 . 000 345.000 18.000 

F-Value 9 . 347 9 .740" 5.179" .379 

R2 • 108 • 112 .063 . 121 

Significant at the .05 level. 
Significant at the .01 level. 

Based on the results of multiple regression of 

indoor water use, the overall R2 of method 1 and method 2 

were 10.8% and 11.2% and were significant at p < .01 level. 

Among the four independent variables, only VACANCY had 

significant effect on the indoor water use. The overall R2 
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of method 3 was only 6.3%, but was significant at p < .01 

level. The APTSIZE and APTRENT were the two variables that 

had significant effects at p < .05 and p< .01 on indoor 

water use. In method 4, there was no any variable that has 

significant effect on indoor water use, although the overall 

R2 was 12.1%. 

Table 4.20 
Parameter Estimates for the Estimated Outdoor Water Use in 
Different Methods (t-statistic in parenthesis) 

Independent 
variables 

Method 1 
Coeff. 

Method 2 
Coeff. 

Method 3 
Coeff. 

APTSIZE 

APTRENT 

VACANCY 

MGREDUC 

N 

-.080 
(-1.447) 

-.064 
(-1.182) 

.323 
(5.927)" 
-.024 

(-.433) 
345.000 

-.224 
(-3.994)" 
-.101 

(-1.853) 
.192 

(3.478)" 
.054 

(.972) 
345.000 

-.059 
(-1.072) 

-.117 
(-2.193)* 

.344 
(6.387)" 
-.006 

(-.116) 
345.000 

F-Value 9.347" 7.485" 11.422" 

R2 .108 .088 .129 

Significant at the .05 level. 
Significant at the .01 level. 

The overall R2 of method 1 of outdoor water use was 

10.8%, and was significant at p < .01 level. The VACANCY 
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was the only variable that had significant effects (at p < 

.01) on outdoor indoor water use in method 1. In method 2, 

there were APTSIZE and VACANCY that have significant effects 

on the outdoor water use (at p < .01), although the overall 

R2 was only 8.8%. The two independent variables, APTRENT 

and VACANCY, had significant effects on outdoor water use of 

method 3 at p < .05 and .01 level. The overall R2 of method 

3 was 12.9%. 

The VACANCY rate was an very important variable that 

it affected all the indoor and outdoor water use, except for 

the indoor water use method of method 3 and 4. In method 3, 

APTSIZE affected only indoor water use, whereas, APTRENT 

only affected outdoor water use. 

Among the four independent variables, VACANCY is the 

most important one. Although some of the four independent 

variables had significant affect to indoor or outdoor water 

use, the overall R2 is very small, from 6.3% to 12.9%. 

Therefore, these four variables only accounted for very 

small amount of indoor and outdoor water use. 
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CHAPTER FIVE 

CONCLUSIONS 

5.1 Conclusion 

The purpose of this study was to evaluate indoor and 

outdoor water estimators in apartment complexes, in Tucson, 

Arizona. T-tests were used to determine the differences 

between the estimated indoor and outdoor water use of each 

methods. Regression equations were used to determine the 

significance of four independent variables (complex size, 

average rent of apartment unit, vacancy rate and the 

manager's highest education level) that could affect the 

water use. 

5.1.1 Summary of the T-test Analyses 

Question 1 referred to the differences between the 

estimated indoor and outdoor water use by Minimum Monthly 

Use method (method 2) and the other 3 methods. "Do the 

estimates of indoor and outdoor water use by the MMU (method 

2) approximate that by AUM (method 1), AMU (method 3), and 

AIW (method 4)?" As expected, the Minimum Monthly Use 

method, one popular way to separate indoor and outdoor water 

use, is the best method in this study. Both estimated 

indoor and outdoor water use by this method are the same as 



actual water use by method 1. Except the method 1, none of 

the estimates of indoor and outdoor water use by method 2 

and 3 is the same as that by method 2. 

The second question asked, "Do the estimates of 

indoor and outdoor water use by the AMU (method 3) 

approximate the estimates by AUM (method 1), and AIW (method 

4)?" The results of t-test showed that both the estimated 

indoor and outdoor water use by method 1 (AUM) and 3 (AMU) 

were totally different. The estimated indoor water use by 

method 3 (AMU) is not significant different with that by 

method 4 (AIW). Since in method 4 there was assumed no 

outdoor water used in outdoors, the comparison between the 

estimated outdoor water consumption by method 3 and 4 could 

not be made. 

Question 3 looked at the difference of estimated 

indoor water use between method 4 (AIW) and AUM (method 1). 

"Do the estimates of indoor water use by the AIW method 

approximate the actual water usage?" The answer was no. 

With the 18 eligible complexes in method 4, the estimated 

indoor water use by method 1 and method 3 were significant 

different, although the estimated water use by method 4 was 

very similar to that of the 345 complexes by method 1. 

The Minimum Monthly Use method (method 2) is the 

best estimator for both indoor and outdoor water use, 

because there was no significant difference between the 
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estimates and the actual water use. All the other estimated 

indoor and outdoor water usage has significant difference 

between the estimates and the actual water use. Although 

there was no significant difference between the indoor water 

estimates by Appliance Monthly Use method and All Indoor 

Water use method, this could not help to prove that they 

were good estimators for significant differences existing 

between them and actual water use. 

5.1.2 Summary of the Regression Analysis 

Question 1 referred to the explainers of indoor and 

outdoor water use in method 1. The question asked "Do the 

estimates of MMU (method 2) indoor and outdoor water use 

vary by complex size, average rent per month per household, 

vacancy rate and the manager's highest education level?" 

The result of regression showed that the estimated indoor 

and outdoor water use by method 2 was both affected by 

vacancy rate, but APTSIZE only affected the outdoor water 

use. Therefore, the average rent per month per household 

and manager's education level could not affect the amount in 

method 1. 

Second question asked, "Do the estimates of AMU 

(method 3) indoor and outdoor water use vary by complex 

size, average rent per month per household, vacancy rate and 

the manager's highest education level?" From the regression 
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analysis, only MGREDUC had no affect on the indoor and 

outdoor water use in method 3. APTSIZE and APTRENT have 

significant affect on indoor water use, while APTRENT and 

VACANCY effected outdoor water use. 

Question 3 looked at the variable that affected the 

indoor and outdoor water use among four variables. "Do the 

estimates of AIW (method 4) indoor water use vary by complex 

size, average rent per month per household, vacancy rate and 

the manager's highest education level?" The results of 

regression showed that APTSIZE and APTRENT would affect the 

indoor water use in method 4. 

Among the four variables (APTSIZE, APTRENT, VACANCY 

and MGREDUC), VACANCY was the most important variable that 

affected water used indoor and outdoor. This results may 

not be true when analyzed with other variables. 

5.2 Recommendations for Future Research 

This study confirmed that only the Minimum Monthly 

Use (method 2) was the best estimators to separate indoor 

and outdoor water use. But the comparisons done in this 

study was based on the actual water use data from 30 samples 

with separate indoor and outdoor meters. These 30 samples 

were a little few to get actual indoor-total water use 

ratio. Further research is needed to enlarge the number of 

the sample with separate meters, by finding out more 
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complexes with separate meters or by encouraging complex 

managers/owners to install separate meters. 

Secondly, collecting more information about those 3 0 

selected samples, then the comparisons could be made between 

them and the complexes with the same characteristics. Thus, 

instead of the indoor-total water use ratio the indoor or 

outdoor volume could be used as estimators to separate 

indoor and outdoor water use. 

Third, several controls of samples for future 

studies, such as control the age of complex, control the 

conservation appliances, and control the complexes not 

allowing children. Thus, homogeneity samples could be used 

to analyze and a more powerful conclusion could be got. 

Besides finding out which method is the best 

estimator, more accurate indoor and outdoor water use models 

should be developed. This could be done by finding out the 

correlations between independent variables, and doing 

multiple regressions to determine the equations. 
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