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ABSTRACT

Large potential water savings are available by reducing outdoor

residential water use. The traditional system for determining outdoor

water use does not distinguish between landscape irrigation water use and

other exterior water uses. Studies in Tucson, Arizona have shown

approximately 86 percent of outdoor water is used to irrigate plants.

This study determined landscape irrigation water use from metered

water use records for single-family residences in the High School Wash

Watershed in Tucson. A model was developed for predicting water use from

an inventory of residential landscape plants and irrigation techniques.

Statistical tests were used to determine how well the model would predict

landscape irrigation water use. In addition, four recommendations for

water conservation were made based on the results of mail and field

surveys. Implementation of the four recommendations showed an estimated

average total water savings of almost 12 percent.
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INTRODUCTION

The Arizona Department of Water Resources and local municipal water

providers recognize the large potential water savings available by

reducing residential outdoor water use. However, the traditional system

of determining outdoor water use from metered data can be misleading. It

does not necessarily distinguish between landscape irrigation water use

and other types of exterior water use, such as swimming pools and

evaporative coolers. This study proposes to identify landscape factors

that contribute to outdoor water use, characterize residential landscapes

and make recommendations for water conservation.

Municipal water use is the sum of single-family residential, large

multiple-family residential, industrial and commercial customers. Single-

family residential (SFR) water use represents about 54 percent of the

total municipal water usage in Tucson (CHiM Hill, 1989).

SFR water use is defined as the total of metered indoor and outdoor

use. Per capita use SFR water use in Tucson in 1990 was estimated to be

112 gallons per day (Arizona Department of Water Resources, 1990). Tucson

Water Company, the largest municipal water provider in Tucson, estimates

indoor water use represents about 60 percent of residential water

consumption. Outdoor use comprises the remaining 40 percent.

Indoor use returns most of the water withdrawn to the wastewater

treatment system. A small amount of the treated wastewater is reused for

landscape irrigation. However, the majority of the treated effluent

recharges groundwater or evaporates.

Outdoor water use can be separated into landscape irrigation water

use (LIWU) and other exterior water use (OEWU). OEWU includes water used

in pools, evaporative coolers, to wash cars, hose off patios and graywater

reuse. LIWU is water used only for irrigation of landscape plants. Plant
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irrigation is the largest component (about 86 percent) of outdoor water

use (Arizona Department of Water Resources, 1983). Therefore, most

outdoor water is transpired by plants or evaporated into the atmosphere.

Outdoor water use and especially LIWU show great potential for water

savings. This is partly due to the greater proportion of outdoor water

use represented by LIWU, but also because there is evidence OEWU is

considered more necessary for maintaining quality of life (Martin et al.,

1984). There are many landscape water conservation practices available

for residential water consumers. These include irrigation water

management, water conserving landscape design and plant selection, use of

graywater, soil management to enhance percolation, and rainwater

harvesting.

This study proposes to identify landscape factors that contribute to

outdoor water use, characterize residential landscapes, make water

conservation recommendations and determine the conservation potential of

the recommendations. Therefore the objectives of this study are to:

1) Identify water consumption associated with single family

residential landscape features;

2) Determine the nature of correlation between total metered

exterior water use and calculated plant water use or other

landscape features;

3)	 Identify and quantify water conservation potential exists for

the different landscapes.



1 0

LITERATURE REVIEW

Literature pertinent to this study covers a wide scope of topics.

For clarity, studies will be reviewed in the following order: residential

water use, weather and water use, irrigation management, landscape types,

low water using landscapes, plant lists, and evapotranspiration and plant

water use.

Residential Water Use 

Flack et al. (1977) evaluated several methods used to conserve water

at the residential level. Emphasis was placed on domestic (interior)

water use. Horticultural changes were the only exterior factors

evaluated, and these were found to be effective in lowering exterior water

use.

Anderson et al. (1977) studied metropolitan water conservation

practices used during drought periods. Of the exterior procedures

examined, the one found most effective for reducing outdoor water use was

elimination or reduction of turf area.

Woodard and Rasmussen (1984) used a mail survey which was

administered to a random sample of Tucson residents. The study found

indoor and outdoor water use were unrelated; just because a household used

a large amount of water indoors, did not necessarily mean it was likely to

use a large amount outdoors. It also found indoor water use was

determined mainly by demographics and the types of indoor water using

appliances. Outdoor water was more a function of income and landscaping

tastes.
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Weather and Water Use

Grimmond et al. (1986) looked at daily, monthly, seasonal and yearly

patterns of water exchange in an urban environment. Using a water balance

model, they quantified inputs and outputs of water. Water outputs at the

Vancouver, B.C. study site were found to be strongly seasonal. In winter,

plant evapotranspiration was limited, soil moisture was high and most

water losses were due to runoff. However, summer measurements found

evaporation and evapotranspiration (ET) to be the primary outputs (81

percent). Plant irrigation based on precipitation events was found to

play a controlling role in ET rates.

Woodard and Horn (1988) investigated weather-water demand

relationships in Tucson. They found pan evaporation to be a key measure

of the effect of weather on municipal water demand. The research used pan

evaporation to predict water use. Temperatures, especially highs were

also found to affect water demand and irrigation use. Temperatures can

also be used in the form of cooling degree days to predict evaporative

cooling demand. Additionally, the study also found a delayed response

relationship between the occurrence of precipitation events and plant

irrigation.

Evaluating the effects of plant cover, McPherson and Woodard (1990)

studied increasing vegetative cover as a means to counteract global

warming. The study found heating, cooling and irrigation costs differed

depending upon landscape type. Low water use landscapes (xeriscapes) were

found to have the greatest potential energy savings.
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Landscape Types

Comparing landscape types and water use, the Arizona Department of

Water Resources (1987) collected data on front yards in Phoenix, Arizona.

The study identified four different landscape types and the amount of

water used by each. The landscape types and percent distribution were: 1)

traditional lawn well maintained, 36 percent, 2) traditional lawn deficit

irrigation, 9 percent, 3) low water use design, 38 percent, and 4)

granitescape with cactus, 17 percent. Water use rates were dependent upon

lot size. Interestingly, low water use designs were found at least 50

percent of the time on larger lots. In general, the traditional lawn well

maintained used the largest amount of water, this was followed by the low

water use design which used about one-third less water. Next was the

traditional lawn deficit irrigation which used less than one-third of the

water consumed by its well maintained counterpart. Finally the

granitescape with cactus used about one-half as much water as the

traditional lawn well maintained. Comparing the amount of irrigation

water that was predicted to be needed by plants to metered water use

values, the study found 20 to 50 percent of water used was being wasted.

The investigators predicted by simply providing information about proper

irrigation techniques a 20 percent savings in water use could be expected.

Cotter and Croft (1974) studied residential landscape water use on

two pre-determined landscape types in Las Cruces, New Mexico. Of the two

types, "green" was defined as having turf and other high water use plants

covering 71 to 100 percent of the landscaped area. "Intermediate green"

had 50 to 70 percent cover in turf or high water use plants. Other

landscape types were omitted from the study. Landscape water use was

estimated by using a "winter base rate" method which removed interior

water use from total metered water use. This number was compared to
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calculated plant water use determined from the percentage of high water

use plants. Three systems for calculating plant water use were used:

Blaney-Criddle, Thornthwaite, and Penman. The Penman equation best

estimated plant water use in relation to metered landscape water use.

However, predicted plant water use rates for these landscape types

indicated more water was being applied than necessary. This study is very

similar to the proposed study. However, the current study proposes to

account for water consumption by all plants.

Low Water Using Landscapes 

In research about low water use landscapes, Nelson (1987) compared

use of water, labor, fertilizer, fuel and herbicide for traditional

landscapes and for water conserving (xeriscape) designs at four multi-

family developments. The results showed considerable savings could be

achieved using water conserving landscapes. The xeriscapes used 54

percent less water, 25 percent less labor, 61 percent less fertilizer, 44

percent less fuel and 22 percent less herbicide. In addition, all of the

xeriscape designs were judged to have acceptable appearances.

Thayer (1982) sought to evaluate plant appearance and acceptability

of xeriscape landscape types with different watering regimes. He found no

significant differences in preference for the low water use plant types.

However in landscape types which incorporated small areas of turf,

deficit irrigated turf was found to be unacceptable.

Westphal et al. (1983) researched the factors that influence

efficient water use in residential landscapes and developed six water

conserving landscape designs. Using a questionnaire, single-family

residents were asked to respond to questions about landscape design,
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maintenance, design modifications, and their attitudes toward water use

and conservation. Following this a field survey using a residential

landscape rating system was performed on a subsample of residences.

Information from both methods was used to evaluate current landscape

schemes and to recommend water conserving design modifications.

The results indicated respondents spent the majority of their

maintenance time on the back yard, which was also the primary site of

recreation and leisure time activities. Plant material selections used in

landscaping were based mainly on appearance. Maintenance and water

requirements were found to be less important. Portable sprinklers were

the most frequently used irrigation method. The respondents indicated the

most acceptable method for conserving water was to design streets and

subdivisions to retain runoff. Next most acceptable were city or state

sponsored water conservation educational programs.

Based on these results, the six landscape designs that were

developed focused on rain water harvesting, improved use of irrigation

water, and use of water conserving plant materials.

Studies of Plant Water Use

Studies of individual plant species have been helpful in trying to

determine plant water use. Kneebone et al. (1979) researched the water

requirements for urban lawns in Arizona, Colorado and Wyoming. The water

requirements for several turf species were determined, then compared to

the amount of water applied by homeowners. Significant amounts of water

could be saved using ET rates as irrigation guidelines, because many

homeowners following their normal irrigation schedule applied more water

than needed. The authors theorized this indicated a lack of knowledge on



15

the homeowner's part regarding the amount of water to apply to their

lawns.

Many studies have investigated the effects of using less water on

plant performance or appearance. Turf grass studies evaluating the

effects of different watering regimes on visual quality were performed at

Fort Collins, Colorado (Danielson et al., 1981). Results showed

adequately fertilized grass could receive 30 percent less water and

maintain good appearance. Use of different levels of shade showed grass

evapotranspiration increased linearly with increasing amounts of exposure

to sunlight.

Hartin (1990), in ongoing research is studying the effects of

different watering regimes on plant growth and appearance of four

landscape tree species. Four different watering regimes are being used

based on ET rates. Preliminary results show that there are no differences

in growth or appearance in trees which receive 40, 60, 80 and 100 percent

irrigation based on reference evapotranspiration estimates.

Predicting Plant Water Use

In 1987, the University of California Cooperative Extension Service

(Snyder et al., 1987) published three leaflets describing studies using

reference evapotranspiration (ETo) and crop coefficients to estimate crop

evapotranspiration (ETc). ETc was estimated for agronomic crops, grasses,

vegetables, fruiting trees and vines.

Garbesi (1990) studied the trade offs in arid climates between water

use and cooling energy benefits. Evaluating landscape water use over long

periods of time she predicted plant water use for different landscape

scenarios. ETo, crop coefficients, and plant area were used to predict
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plant water use. The results showed grass used more water than trees,

which used more water than shrubs and groundcovers. Using this

information she predicted that if grass were removed or replaced with low

water use trees, substantial water savings could be achieved.

MATERIALS AND METHODS

The study site is the one-square-mile High School Wash Watershed in

central Tucson, Arizona. The primary land use is single-family

residential, but other land uses include multi-family residential,

commercial, institutional, parks and vacant land.

The study population is single-family residents living in the High

School Wash Watershed. Tucson Water Company, the water supplier for this

area, provided a list of addresses for residents within the study

boundaries. The list indicated there were approximately 808 single-family

residences. A study sample of 250 was chosen by numbering each, then

using a random number table to select individual residences. A survey was

mailed to the sample population. From the study sample, a field sample of

39 residences was used, based on homeowners who responded they would take

part in the field survey.

Mail Survey

The mail survey on water conservation was developed by Billings and

Longstreth (1988). It seeks information about indoor and outdoor

residential water use. Information pertinent to this study are questions

on landscape plantings, irrigation type and scheduling, plant maintenance,
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pool size and maintenance, use of evaporative coolers, age and size of

home, number of occupants, and other demographic information. An example

of the survey form is found in Appendix A.

The mail survey was administered using the Dillman total design

method (Dillman, 1978). Of the 250 surveys mailed, 13 were returned as

undeliverable or the occupant did not want to take part in the survey, 147

were received, and 80 were never returned. The response rate was 61.67

percent.

The survey answers were first coded using a standardized format also

developed by Billings and Longstreth (1988). The data were then entered

into an ASCII file for ease of access. Using a Fortran program developed

by Grimmond (1990), the data were compiled into a question and number of

responses format.

Field Survey

The field survey was performed on the sample of 39 residents to

confirm information gathered in the mail survey, and to collect additional

information. The 39 residences were located on 1:100 scale black and

white aerial photographs. The following information was also measured, in

square feet, from the photos: lot size, roof area, presence and size of

swimming pool, and area of impermeable surfaces.

Additional site information was measured at each residence.

Emphasis was placed on collection of landscape plant information, because

these data would form the basis for plant water use calculations.

Specific data collection included: plant species by scientific name,

number of plants, a visual inspection of plant condition in winter and

summer, and plant dimensions including length, width, square feet and
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cubic feet.	 Information was also collected on type of irrigation

system(s), and presence and details of water harvesting systems. For an

example of the field survey form, see Appendix A.

Following field measurements, a brief interview was conducted with

the occupant. The interview confirmed basic information, determined the

number of evaporative coolers, irrigation schedule and details about

plants watering, special features of water harvesting systems, and

information about graywater reuse.

Landscape Irrigation Water Use 

The basic residential water use equation proposed in this study

assumes total metered water use (TMWU) is the sum of interior (I) and

exterior (E) water uses. This can be expressed by the equation:

TMWU = I + E
	

(1)

Following the procedure posed by Geyer et al. (1963), interior water

use can be subtracted from the equation leaving exterior water use.

Estimated interior water use was determined by averaging the water use

during the three lowest winter months of December, January and February.

Subtracting this average from TMWU leaves exterior water use:

E = TMWU - I	 (2)

Traditional procedures used to estimate water used outside the home

do not distinguish between landscape irrigation water use (LIWU) and other

exterior water use (OEWU). Woodard and Rasmussen (1984) found the

majority of outdoor water use can be attributed to lawn irrigation and

swimming pools. When exterior water use is split into landscape

irrigation water use (LIWU) and other exterior water use (OEWU), then
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swimming pools and evaporative coolers can be subtracted as components of

OEWU. This leaves LIWU as the residual. Thus, the equation becomes:

LIWU E - OEWU	 (3)

The final equation used for this study was the following:

LIWU TMWU - (I - SP - EC)	 (4)

Where:	 LIWU	 landscape irrigation water vse (ft3 )
TMWU	 total metered water usv (ft')
I —	 interior water use (ft')
SP —	 swimming pool water use (ft3 )
EC —	 evaporative cooler water use (ft3 )

In the eight cases where graywater reuse was actively taking place,

the LIWU equation was modified. Graywater reuse was quantified on a

yearly basis and added to the LIWU total.

Swimming Pool Water Use. To quantify the amount of water used by

swimming pools and evaporative coolers, studies were made to ascertain if

these could be predicted using evapotranspiration data. Swimming pool

evaporation was measured for five days in June 1990. No additional water

was added to the pool. Filtering and swimming continued throughout the

measurements. The cumulative evaporation results were compared with

reference evapotranspiration (ETo) information gathered at the University

of Arizona weather station. The analysis (Grimmond, 1990) indicated pool

evaporation and ETo rates were highly correlated (r2 — 0.974). Thus, ETo

was used to predict pool water use.

Based on the above findings, the following formula was used to

determine yearly pool water use (SP) in cubic feet:

SP = (ETo - P) x A	 (5)

Where: SP — swimming pool
ETo = yearly net reference evapotranspiration (ft)
P — yearly precipitation (ft)
A — pool area in square feet (ft2 )

This calculation does not account for the need to refill a swimming pool

about every seven years, or for filter backwashing.
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Evaporative Cooler Water Use. It was more difficult to determine

evaporative cooler water use as no measured data for evaporative coolers

was available from the study site. Evaporative cooler water use

statistics from Casa del Agua (an experimental residence) in Tucson for

1989 were used (Karpiscak, 1990). The 1989 ETo data from the University

of Arizona weather station was again used for comparison. Analysis of the

data indicated little or no correlation between evaporative cooler water

use and ETo (r2 — 0.25).

Because ETo could not be used to predict evaporative cooler water

use rates, the actual evaporative cooler water use rates from Casa del

Agua were used. Casa del Agua uses a standard city water meter to measure

evaporative cooler water use. The meter recorded that Casa del Agua used

5,771 gallons in 1989. This is slightly less than the yearly amount of

6,000 gallons which is estimated to be used by the average residential

evaporative cooler (Arizona Department of Water Resources, 1990).

However, because monthly evaporative cooler data was needed, the Casa del

Agua figures were used, with the understanding they may underestimate the

actual use rates.

Predicted Plant Water Use Model

The predicted plant water use (PPWU) equation was calculated for

each plant water use category, then summed for a yearly total at each

residence. The equation needed to take into consideration not only the

amount of water used by plants, but also the way in which the water was

being applied.



Based on these objectives the following equation was developed:

PPWU (ETo - P) xKxAxl/H

Where:
	

PPWU	 predicted plant water use (ft3 )
ETo =	 net evapotranspiration (ft)
P precipitation (ft)
K specific plant species cru coefficient
A —	 area of plant species (ft')
H —	 irrigation efficiency

Evapotranspiration (ET) is the sum of evaporation from soil and

plant surfaces, and transpiration, the evaporation that takes place within

the plant and is released into the atmosphere. The amount of daily ET is

dependent upon several factors, among which are weather and the type, age

and size of the plant. Reference evapotranspiration (ETo) approximates

the ET of turf grass that is not water stressed.

To relate ETo to plant species other than turf grasses, a crop

coefficient (K) is used. The crop coefficient corrects the ETo values to

account for differences in the amount of water required by different plant

species.

To quantify the amount of water needed for irrigation, the volume of

ET can be found by multiplying the area of a plant species (A) by ETo and

K (Garbesi, 1990). This number represents the total amount of water

required by a plant species. However, because the PPWU equation is used

to approximate the metered amount of water used to irrigate plants, the

number must account for how irrigation water is applied.

Losses of water due to runoff, percolation outside the plant root

zone or improper irrigation must be quantified. This can be approximated

by using an irrigation efficiency term (H). Studies have shown irrigation

efficiencies to be low for all irrigation systems except drip and hand

watering (Garbesi, 1990; Hardy Irrigation, no date). However multiplying

by the constant term H would indicate a decrease in the amount of water

applied to plants. Instead, the reciprocal of H must be used to

21

(6)
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compensate for low efficiencies by increasing the amount of water being

applied.

The last component in the equation is precipitation. Total yearly

precipitation for 1990 was removed. The assumption was made that rainfall

would supplement, and reduce the amount of water needed for irrigation.

Therefore, precipitation was accounted for and was removed from the ETo

rate.

To apply the equation to the data collected from the field survey,

each plant species was assigned a classification of high, medium or low

water use following the water use guidelines for plant species in the

Tucson area (University of Arizona, 1977; Arizona Department of Water

Resources et al., 1988). Using crop coefficients based on information in

two studies (Snyder et al., 1987; Garbesi, 1990), each plant

classification was assigned a number. High water use plants were given a

crop coefficient of 0.8, medium water use plants were assigned 0.5, and

low water use plants, 0.3. Plant area was determined from numbers

previously calculated from the field survey. ETo and precipitation

measurements were determined from the University of Arizona Meteorological

Station weather data for 1989. The irrigation efficiency factor was

based on information from Garbesi (1990) and from Hardy Irrigation Company

(no date). For the purposes of this study, H was determined by the

presence or absence of lawn, type of irrigation system and its estimated

efficiency, and the irrigation schedule. Details regarding crop

coefficients and irrigation efficiencies used in the plant water use

calculations are found in Appendix B.

In the eight cases where there was active graywater harvesting, the

basic PPWU equation was modified slightly. Weekly graywater reuse was

quantified based on the mail survey results, then converted into a yearly

total. This amount was subtracted from the PPWU equation. Graywater
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would represent additional supplemental water, much as precipitation did,

and therefore needed to be removed from the equation.

Analysis Of LIWU and PPWU

Analysis concentrated on determining the nature of correlation

between the PPWU, and other landscape factors and metered LIWU. To find

out if PPWU would predict LIWU, a simple linear regression was run using

the following formula:

LIWU bo + b l x (PPWU)	 (7)

Similar linear regressions were also run on square meters of turf area,

and square meters of high water use plants. Multiple regression analyses

were also run combining PPWU, square meters of turf and square meters of

high water use plants. In addition seven other landscape variables were

analyzed with both linear and multiple regression techniques.

RESULTS AND DISCUSSION

Results of the data analysis will be presented in the order of mail

survey, field survey, LIWU and PPWU, and water conservation

recommendations.

Mail Survey

Beginning with the 148 respondents to the questionnaire, these

categories will be explored: landscape type, attitudes about grass,
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irrigation, other exterior water use, details about the home and

demographics.

Homeowners were first asked to characterize their landscapes, in the

front yard, then in back. Five categories were provided for the resident

to choose from: desert, mostly desert, moderate water use, mostly lush

green and lush green (Table 1). If the numbers for front and back yards

are combined, the majority of homeowners would classify their whole yard

as medium water use. Next most common would be mostly desert, followed by

desert, mostly lush green and lush green.

The next question elaborates on the first by finding out what

portion of the yard is landscaped in turf (Table 2). The results of this

question show that while grass in the front yard occurs in only 32 percent

of the cases, 58 percent have grass in the back yard. Woodard and

Rasmussen (1984) had found about 40 percent of Tucson residents had lawns.

Arizona Department of Water Resources (1987) had found 45 percent of

Phoenix area residents had front yards landscaped with grass.

To determine the motivation for having grass, the homeowners were

asked their attitudes about the uses and importance of grass, see Table 3.

The results of this question are inconclusive. Most homeowners feel grass

uses a lot of water and even wastes water. They also think it is a lot of

work to maintain. However, over half of the respondents have grass in

their landscape.
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Table 1.	 Homeowner Characterization of Their Landscapes.

LANDSCAPE TYPE FRONT

Number Percent

BACK

Number Percent

Desert 28 19% 13 9%

Mostly Desert 51 34% 24 16%

Moderate Water Use 49 33% 74 50%

Mostly Lush Green 8 5% 24 16%

Lush Green 6 4% 4 3%

No Response 6 4% 9 6%

Table 2.	 Portion of Yard Landscaped with Grass.

PERCENT OF GRASS FRONT YARD

Number	 Percent

BACK YARD

Number	 Percent

0 100 68% 62 42%

1 - 19 10 7% 22 15%

20 - 39 8 5% 30 20%

40 - 59 6 4% 16 11%

60 - 79 9 6% 6 4%

80 - 99 10 7% 5 3%

100 2 1% 4 3%

No Response 3 2% 3 2%



26

Table 3.	 Homeowner Attitudes About Lawns.

GRASS QUALITIES RANKING1

1 2 3 4

Place for children to play 28% 19% 50% 3%

Helps me feel cooler in the summer 32% 19% 37% 5%

Helps me to forget I live in a desert 11% 15% 70% 5%

Without grass, a yard isn't a yard 15% 14% 67% 3%

Makes house more attractive 34% 32% 29% 4%

Increases sale price of house 17% 32% 46% 4%

Requires a lot of work 40% 32% 22% 5%

Costs more than other landscapes 34% 30% 30% 7%

Uses lots of water 67% 20% 7% 5%

Wastes water 69% 15% 11% 5%

Reduces pleasure of being in a desert 14% 20% 60% 5%

Looks un-natural in the desert 31% 26% 38% 7%

1 -	 1 — important	 2 = neither important/unimportant

3 — unimportant	 4 — no response

Information about watering is difficult to measure. This question

had six answers to choose from, plus space provided for write-in answers.

Table 4 tabulates the answers to the question of how homeowners decide to

irrigate.
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Table 4.	 How Homeowners Decide to Irrigate.

CHOICE YES

Number Percent

NO

Number Percent

How the plants look 113 76% 35 24%

Amount of rainfall 69 47% 79 53%

Daytime temperatures 54 36% 94 64%

Measure soil moisture 25 17% 123 83%

Other 33 22% 115 78%

The most frequently answered choice was water is applied based on

how plants look. Other responses included "I water on a schedule", "2 to

3 times a week", "when I have time", and no response to the entire

question (1%).

To determine other places where water might be used outdoors, and

the extent of use, the questionnaire asked the number of times per month

the respondent performed certain activities (Table 5).

Table 5.	 Frequency of Non-Irrigation Outdoor Water Use.

WATER USE TIMES PER MONTH

0 1-2 3-4 5+ No Response

Wash car at home 70% 25% 1% 0 5%

Hose off

sidewalk/patio

55% 30% 7% 1% 6%

The majority of respondents did not take part in either of these

activities. These results suggest that water used for car washing and

hosing off sidewalk or patio was small. As a result, these were left out

of OEWU calculations in the LIWU model.
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Questions about swimming pools and evaporative coolers use were next

(Table 6). However, the question about evaporative coolers did not

determine whether the home had evaporative cooling and air conditioning,

one or the other, or neither.

Table 6.	 Presence of Swimming Pool and/or Evaporative Cooler.

DOES YOUR HOME HAVE? YES	 NO	 NO RESPONSE

Evaporative Cooler 69%	 31% *

Swimming Pool 14%	 79% 7%

*
Indicates no evaporative cooler and/or no response

Approximately 70 percent of the study households have evaporative

coolers, and 14 percent have swimming pools. These figures are very

similar to those found by Woodard and Rasmussen (1984). That study found

80 percent of Tucson residents had evaporative coolers and about 20

percent had swimming pools.

Information about the respondent's home not only helps to

characterize the study area, but also may be important when determining

the number of homeowners who potentially utilize graywater reuse systems.

Survey participants were asked to indicate if their home was a

detached single-family residence, duplex or other, if they own or rent,

and approximately when the house was built. The answers are summarized in

Table 7.

The majority of the dwellings are single-family residences.

Similarly, home ownership is prevalent in the neighborhood. It is

significant that almost half of the homes were built before 1940, and that

very few have been built in the last decade.
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Table 7.	 Details about each Respondent's Home.

HOUSF CHARACTFRTSTWA NUWIER PERCENT

HOUSE TYPE

Single-family 136 92%

Duplex 3 2%

Other 2 1%

No Response 7 5%

HOME OWNERSHIP

Owned by Respondent 123 83%

Rented by Respondent 13 9%

Other Arrangement 5 3%

No Response 7 5%

YEAR HOUSE WAS BUILT

Before 1940 70 47%

1940 - 1949 33 22%

1950 - 1959 23 16%

1960 - 1969 10 7%

1970 - 1979 4 3%

1980 or later 2 1%

No Response 6 4%

The demographic information from the study sample indicates the

majority of households have two or three residents (Table 8). Table 9

shows that education levels are very high with 36 percent of the

respondents holding a graduate degree. Income levels are also high, with

more than half of the sample earning over $30,000 (Table 10). In a 1984

study by Woodard and Rasmussen, single-family homes had a median age of 20

years, median household income was $25,000, and the typical household size

was 2.8 persons.
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Table 8.	 Number of Persons in Household.

NUMBER OF PERSONS IN HOUSEHOLD NUMBER PERCENT

One 25 17%

Two 56 38%

Three 32 22%

Four 20 14%

Five 5 3%

Six 2 1%

No Response 8 5%

Table 9. Level of Education.

RESPONDENT'S LEVEL OF EDUCATION NUMBER PERCENT

No Formal Education 0 0

Some Grade School 0 0

Completed Grade School 0 0

Completed Some High School 3 2%

Completed High School 8 5%

Completed Vocational School 7 5%

Completed Some College 34 23%

College Degree 20 14%

Some Graduate College 20 14%

Graduate Degree 54 36%

No Response 18 12%
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Table 10.	 Net Income of Survey Residents.

HOUSEHOLD NET INCOME RANGE NUMBER PERCENT

Less than $3000 3 2%

$3000 - 4999 1 1%

$5000 - 6999 2 1%

$7000 - 9999 2 1%

$10000 - 12999 5 3%

$13000 - 15999 7 5%

$16000 - 19999 8 6%

$20000 - 24999 12 8%

$25000 - 29999 10 7%

$30000 - 49999 41 28%

$50000 - 74999 21 14%

$75000 or more 18 12%

No Response 18 12%

Field Survey

Data gathered at the 39 residences yielded information helpful in

characterizing the property size and landscape features. Lot sizes ranged

from under 1/4 acre (6,000 ft2) to almost 1/3 acre or 14,000 ft2 . The

amount of the lot planted with vegetation ranged from one percent to 100

percent. There was no relationship found between lot size and the percent

of vegetation cover.

At the 39 residences, a total of 196 different plant species were

recorded during the inventory (Appendix C). Eighteen percent were

categorized as high water use, 59 percent as medium water use, and 23

percent as low water use (University of Arizona, 1977; Arizona Department

of Water Resources et al., 1988). Interestingly, the high number of

medium water use plants corresponds with the mail survey results which

indicated most homeowners categorize their landscape as medium water use.
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When the plant species data was quantified two measures were

considered, spatial distribution and amount of vegetation cover. The

first measure determined the spatial distribution of each plant species

throughout the 39 residential lots (Table 11). The second measure was

based on plant distribution. The total square feet of a particular

species, or percent of total vegetation cover was determined. Bermuda

grass had the largest area and percent cover (Table 12). Furthermore, the

39 residences averaged approximately 21 percent of bare soil.

In a review of historic landscape plantings, McPherson and Haip

(1989) refer to the early 20th century landscape as the "sundrenched

oasis". These landscapes were planted to emphasize the semitropical

climate of Tucson. Remnants of this landscape era are indicated in this

study by the high numbers of citrus, palms, oleanders, cypress, and other

plants. The preponderance of mesquite trees are indicative of the shift

toward the "desert city" with lush plantings replaced by rock mulches and

low water use plant species.

A visual survey of plant condition in both the winter and summer was

performed to determine if adequate irrigation was being applied (Figure

1). Plant water stress was evaluated by examining leaves for signs of

wilting, yellowing, or loss of bright green, glossy color. Almost half of

the 39 residences had plants that were in good condition in both the

summer and winter. Three landscapes showed evidence of plant stress in

both the summer and winter. Twelve landscapes were in good condition in

the winter, but showed signs of plant stress during the summer.

Analysis of the mail survey indicated 95 percent of the field study

homeowners rely on plant appearance to decide when to irrigate. Based on

the evidence from the field survey, it appears that some homeowners are

not familiar with signs of plant water stress. Another possibility is

that irrigation efficiencies are low.
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Table 11. Spatial Distribution of Plant Species Over 39 Residences.

PLANT NAME PERCENT OF PLANT DISTRIBUTION OVER LOTS

Citrus 69%

Oleander 67%

Bermuda Grass 59%

Palm 46%

Privet 44%

Annual Plants 38%

Bougainvillea 38%

Mesquite 36%

Nandina 36%

Pyracantha 36%

Texas Ranger 31%

Agave 31%

Cat's Claw Vine 28%

Jasmine 26%

Aloe 26%

Pine 23%

Lantana 23%

Yucca 23%

Acacia 23%

Rose 23%

African Sumac 21%

Aborvitae 21%

Palo Verde 21%

Mock Orange 21%

Prickly Pear Cactus 21%

All other species 7 or fewer recordings, or less than 20 percent.
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Table 12. Plant Distribution by Area and Percent Vegetation Cover.

PLANT NAME TOTAL SQUARE FEET PERCENT OF TOTAL

VEGETATION COVER

Bermuda Grass 20,231 ft 2 18.48%

Citrus 10,053 ft 2 9.19%

Oleander 7727 ft2 7.06%

Pine 7648 ft2 6.99%

Mesquite 7295 ft2 6.66%

Eucalyptus 5716 ft2 5.22%

Palm 4990 ft2 4.56%

Palo Verde 3069 ft2 2.80%

Olive 2952 ft2 2.70%

African Sumac 2803 ft2 2.56%

California Pepper Tree 2784 ft2 2.54%

Mulberry 2233 ft2 2.04%

Juniper (shrubby) 2132 ft 2 1.95%

Jasmine 1548 ft 2 1.41%

Mexican Palo Verde 1325 ft2 1.21%

Acacia 1191 ft2 1.09%

Dichondra 1110 ft2 1.01%

All other species Less than one percent of total

Related studies have found improper irrigation practices to be

commonplace (Ambrose, 1986; Browning, 1986; Sanders and Thurow, 1982;

Cotter and Chavez, 1979; Kneebone et al., 1979). Some cities in

California and Colorado have chosen to pinpoint LIWU and lawn watering for

water conservation programs (Thornhill and Brown, 1987; Schmidt, 1982).

These programs have been very successful in reducing water waste and

overall irrigation water use.
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Figure 1. Comparison of Plant Condition.

Water Harvesting. The additional information about the 39 residences

showed three households had devised active water harvesting systems.

Examples of active rain water harvesting include one household where the

owner had graded and/or channelized the lot so that rainfall is caught and

gravity fed to wells at the base of plants. The second and third used

gutters on the roof and underground piping systems to transport water to

specific plant wells. In one case this water was piped to citrus trees,

in the other to a hedge. A number of households had put wells around the

base of their plants, this was not considered active water harvesting.

When asked about storing runoff, none of the residents reported using

water storage systems.

DeCook (1983) conducted research which found a significant amount of

water consumption could be eliminated by using rainwater harvesting. He

estimated 6.2 gallons of water per square foot of roof area could be

harvested per year (assuming Tucson receives an average of 11 inches per

year). Additional water is available by re-routing runoff from driveways,
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patios and sidewalks. By regrading the soil, rainwater runoff can be

routed to plant beds and help to supplement irrigation water requirements.

Obviously these systems would reduce water consumption only when there is

rain, but they do represent a relatively easy way in which residential

areas could reduce LIWU.

Graywater Reuse. This water conservation technique was found to be

more common than water harvesting. Twenty percent (or eight) of the 39

residents reused washing machine water to irrigate plants. No other

sources of water reuse were reported. The majority of the residents piped

water to a plant well constructed around a long hedge row. Only one

person caught and stored the water and used a hose to siphon it off to

different areas of the yard.

When asked why they were reusing the washing machine water, all

responded it was a water conservation measure. However, three later said

their houses were constructed before 1940 and a retrofit of the plumbing

for washing machine water would be too costly. This was why they first

decided to pipe the water off to plants. The mail survey indicated 47

percent of the households were built before 1940. It is difficult to

ascertain if there would be a trend for older houses to reuse graywater.

Unfortunately, no data on graywater reuse are available for the mail

survey respondents.

Graywater reuse is an important issue because it is currently

illegal in Tucson. There is considerable research on recycling graywater

for home use. Sunset Magazine (1990) reviewed current laws about

graywater reuse and recommended how and where to use it. Popkin (1979)

analyzed all potential sources of graywater available from homes, and the

water quality problems associated with them. For all sources, he found a
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combination of crop and soil filtration, dilution, and/or short-term

storage would resolve all water quality problems.

Two studies look specifically at using graywater for irrigating

plants (Popkin, 1978; Javits, 1979). These studies found that the

quantity of graywater produced in a typical household can significantly

contribute to irrigation requirements. Further, these studies estimate

one square foot of improved soil is capable of using an average of 1/2

gallon, or 0.8 inches of graywater per week. Sunset Magazine (1990)

quotes health officials who advise that graywater be applied below the

soil surface or under four inches of mulch. This eliminates human contact

and allows the soil to filter out harmful organisms. Popkin (1978) also

found that water borne diseases can be immobilized by soil organisms.

Landscape Irrigation Water Use Model

Regression techniques were used on the 39 residences to determine if

LIWU could be predicted from measured independent variables. The three

independent variables with highly significant simple linear regression

equations are shown in Table 13. These three variables were combined in

a multiple regression analysis first two at a time, then all three

together. Significant multiple regression equations were also obtained

for the three variables. In addition other independent variables,

including number of occupants, percent of vegetation cover, income, lot

size, total square meters of vegetation, total number of plants, and

number of trees, were submitted to multiple regression analyses. These

variables were not significant in predicting LIWU.

The squared correlation coefficient (r2) showed positive

relationships between PPWU, total square meters of high water use plants,
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and total square meters of turf. The squared correlation coefficient

increased only slightly from 0.331 to 0.362 when the three variables were

combined in multiple regression equation. These results indicate that

other unmeasured variables are important to predicting LIWU. However, the

results are relatively good considering the number of sources of

individual variation between residences.

Table 13. Summary of Linear Regression Analysis.

LIWU — 13 0 + b l (x-variable) 1:30 b1 F-test r2

X-VARIABLE

Predicted Plant Water Use 82.486 0.628 17.353	 (*) 0.331

Square Meters High Water 71.662 0.633 14.744 (*) 0.296

Use Plants

Square Meters of Turf 88.015 2.186 12.582	 (*) 0.264

* highly significant (alpha — 0.01)

Yearly LIWU was determined for each of the 39 residences. However,

there were some questions about the accuracy of the Geyer et al. (1963)

method for determining LIWU. These stem from the fact that first, the

equation (2) assumes interior water use remains the same throughout the

year, and that there is no exterior water use during the winter. Local

weather conditions are such that plants may be irrigated in the winter,

and that interior water use may vary in the summer. Secondly, no standard

for calculating interior water use has been established for Tucson. The

procedure used (Geyer et al., 1963) is considered a national standard, but
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To assess the accuracy of equation (2), a monthly analysis was made

to determine if the estimated metered exterior water use was following the

predicted plant water consumption patterns. Using a subsample of four

randomly chosen residences, LIWU was plotted against PPWU. A pattern was

noted for two residences which indicated the LIWU figures may over-

estimate plant irrigation in the summer and under-estimate irrigation in

the winter. This was alluded to previously, when it was suggested the

system used to calculate exterior water did not account for conditions in

Tucson. Local weather conditions are such that plants may be irrigated in

the winter, and that interior water use may vary in the summer.

However, the remaining two graphs showed different patterns. These

patterns did not fit the theory of LIWU over-estimating in the summer and

under-estimating in the winter. Based on this subsample, there was no

discernible pattern of seasonal water use.

A more accurate equation to predict LIWU will need, at the very

least, individual household measurements of indoor and outdoor water use.

With these actual measurements in hand, instead of estimates, it would be

much easier to assess the predictions about the water consuming landscape

variables.

The PPWU model itself has not been tested for landscape plants. It

is adapted from calculations used to predict the volume of water needed to

irrigate turf and field crops. The accuracy of the equation for landscape

plants is difficult to determine especially in light of the work being

performed by Hartin (1990). Her research indicates there is no difference

in growth or appearance between landscaping tree species receiving 40, 60,

80 and 100 percent irrigation based on ETo calculations. The current

study and others indicate the factors influencing plant water use

calculations are more complicated than previously thought.
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A better method for estimating irrigation efficiency of residential

landscapes is needed. Studies have indicated significant quantities of

water can be conserved by increasing irrigation efficiency from 45 to 65

percent (Garbesi, 1990). Because the system used to determine the

irrigation efficiencies for this study was imprecise, the numbers used in

the calculations could be significantly over or under-estimating the

actual amount of water being used.

One way to achieve better estimates is to use water audits. Tucson

Water Company's "Low Four" program lowers water consumption by using water

audits and adjustments to irrigation schedules to increase irrigation

efficiencies. The present study indicated that there may be a lack of

understanding about proper irrigation practices. This study evaluated

underwatering via the plant condition analysis, however, several studies

(Ambrose, 1986; Browning, 1986; Sanders and Thurow, 1982; Cotter and

Chavez, 1979) have found overwatering to be commonplace. Thacker and

Waterfall (1990) have found evidence of overwatering while conducting

water audits at Tucson commercial and multi-family establishments. The

use of water audits would assist in predicting overwatering.

Other, less easily quantified variables, such as the watering habits

of the homeowners or accidentally leaving the water on have not been

considered. One possible explanation of the low correlation between LIWU

and PPWU may lie in the irrigation habits of the homeowners. Figure 2

shows a graph of LIWU versus PPWU, where the diagonal line represents LIWU

is equal to PPWU. Points above the line indicate areas where LIWU is

greater than PPWU, those below it, the opposite. Interpreting this

further, the points below the line represent residents which have higher

PPWU requirements than water being applied (LIWU). These homeowners may

be deficit irrigating. This data corresponds well with the on-site visual

inspection of plant water stress. All but one of the residences that
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showed visual plant water stress were also deficit irrigating according to

the graph.

The points above the line represent landscapes which receive more

water than the predicted amount. These homeowners may be overwatering.

If this is true, some of the variation between the figures could be

explained by the homeowner's watering habits.
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Figure 2.	 Scatterplot of LIWU and PPWU for Each Residence.
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Water Conservation Recommendations 

Based on general characteristics found in the field data it is

possible to make some recommendations about water conservation in the

study area. The landscape characteristics indicate there is a large

potential for reductions in LIWU because many of the plants are high water

users (Tables 11 and 12). Four specific points where water reductions

could be made include:

1) The current study shows there is a high number of plants in

the high water use category, specifically citrus and Bermuda

grass. If these high water use plant were reduced in number

or removed, and replaced with low water species, LIWU would be

reduced (Garbesi, 1990; Anderson, 1977).

2) There is evidence that homeowners need more information and

assistance to determine when and how much to irrigate. From

observation of plant condition and from homeowner responses on

irrigation practices, there is evidence of a lack of knowledge

about how to water. A program similar to Tucson Water

Company's "Low Four" is suggested to assist the homeowner to

irrigate more efficiently.

3) Techniques for rainwater harvesting need to be disseminated

and demonstrated to single-family residents. Only a small

number of homeowners are harvesting rainwater and its use

could supplement irrigation and thus reduce LIWU.

4) Graywater reuse regulations need to be re-examined and some

uses legalized for residential areas. At this time graywater

reuse is illegal, however 20 percent of the 39 residences in

the field sample are actively reusing graywater.
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To apply these recommendations, an estimation of potential total

yearly water savings was made for the 39 residences. To accomplish this

it was presumed the residents were willing to make the changes suggested

and incur the expenses that would be indicated.

The estimation assumes all high water use plants were replaced with

low water use substitutes. Irrigation efficiencies were increased 20

percent as indicated by Garbesi (1990). Active rain water harvesting and

graywater reuse systems were installed.

Based on the information available for the residences, the results

indicate water savings could be obtained for all of the residences. A

total of 122,540 gallons of water per year would be saved for the 39

residents, or an average of about 3142 gallons per household. Although

the total water savings varied from 56 to one percent, the average total

water savings was 11.9 percent. This represents a substantial water

savings for the single-family residents and supports the premise that the

four water conservation recommendations would be successful in reducing

total water consumption.

CONCLUSIONS

The mail survey and field data collected for this thesis provide

information about the single-family residences in the High School Wash

Watershed.

The study population can be described from these as a middle to

upper class neighborhood, with a substantial number of homes built before

1940. The landscapes generally consist of a mixture of older, often high

water use plantings, and newer, low water use species. A high standard of

plant care and maintenance is noticeable throughout the area.
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Although the site can be characterized to some extent, it is

difficult and improper to generalize the findings of this study to all of

Tucson, or even to other middle to upper class neighborhoods. The small

population sample size and non-randomized field sample must also be

considered limitations when considering the conclusions of this paper.

The LIWU showed a significant relationship to the predicted plant

water use model. However, because of the need to estimate interior water

use, and therefore LIWU, it was difficult to develop an accurate

predictive model for LIWU. An additional complication was that some of

the PPWU calculation was also estimated. Two other complications may lie

in the fact that homeowner irrigation practices do not correspond with

plant need, and/or irrigation efficiencies are low. Further research is

needed at the very least to obtain metered interior and exterior water

use. Using metered exterior water use figures, the predicted plant water

use model could be refined to more accurately reflect its relationship to

metered landscape irrigation water use.

Despite these limitations, statistical tests found the PPWU model to

be a relatively good predictor of metered LIWU. The model has three

advantages. First, plant water use estimates are based on individual

components, this helps to account for individual variations. Second, it

is useful in illustrating water conservation potential for landscapes.

Third, it takes into consideration the individual variation of a landscape

rather than lumping residences into pre-determined landscape types.

Four recommendations for water conservation have been made based on

the general characteristics of the study residences. These are: changes

in plantings to low water use species, water audits and education programs

to improve irrigation efficiency, information distribution and

demonstrations of rainwater harvesting techniques, and re-examination of

the regulations governing graywater reuse for home landscape irrigation.
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Based on the four recommendations, an estimation of total water

savings was made. The results indicated an average of 11.9 percent

savings could be expected in the total water consumption for the 39

residences. These results support the recommendations made for water

conservation.

In closing, it is evident more research on the topic of landscape

water consumption is needed. Much of the same data needed on this topic

is also needed to obtain better information about Tucson area water use.

Other areas in need of further study include metered interior and exterior

water use, evaporative cooler water consumption, and graywater reuse.



APPENDIX A MAIL AND FIELD SURVEY _FDRMS

0-1 Some people really like living in a desert sucn as trie Sonoran desert n Tumon, wrilie others don't

Would you say that living in the aesert is: (Please circle one numoer.)

1 WONDERFUL

2 PLEASANT

3 MOSTLY SATISFACTORY

4 EQUALLY SATISFACTORY/DISSATISFACTORY

5 MOSTLY DISSATISFACTORY

6 UNPLEASANT

7 TERRIBLE

Q-2 The landscaping in your yard is best described as:

46

BACK

YARD

FRONT

YARD

1	 1

2	 2

3	 3

4	 4

5	 5

COMPLETELY DESERT (WATER PLANTS ONLY IN DROUGHT)

MOSTLY DESERT (IT NEEDS VERY LITTLE WATER)

MODERATE WATER USE (REQUIRES LIGHT WATERING)

MOSTLY LUSH GREEN LANDSCAPE

LUSH GREEN LANDSCAPE (REQUIRES A LOT OF WATER)

Q-3 Which of these items are in your front or back yard? Which have you replaced, added or removed?

Do you

now have?

In recent years have you

'Circle ad that apply.)

A FLOWERS YES NO REPLACED A 00 ED REMOVED SOME REMOVED ALL

B VEGETABLE GARDEN YES NO REPLACED A ODE 0 REMOVED SOME REMOVED ALL

C VINES YES NO co ADDEO REMOVED SOME REMOVED ALL

D DESERT TREES YES NO R EPLACED A DO E REMOVE 0 SOME REMOVED ALL

E OTHER SHADE TREES (NOT FRUIT) YES NO REPLACED ADO ED REMOVED SOME REMOVED ALL

F PALM TREES YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

G NUMBER OF FRUIT TREES ( YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

H CACTI YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

I GRAVEL/DECOMPOSED GRANITE — YES NO REPLACED A 00 ED REMOVED SOME REMOVED ALL

CONCRETE OR BRICKJ YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

K MIST SYSTEM TO COOL PATIO YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

L HOT TUB, JACUZZI, OR SPA YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

M COVER FOR HOT TUB YES NO REPLACED ADDED REMOVED SOME REMOVES ALL

N GREY-WATER RE-USE SYSTEM YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

0 WATER HARVESTING SYSTEM_ YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

P DECORATIVE FOUNTAIN YES NO REPLACE0 ADDED REMOVED SOME REMOVED ALL

Q SMALL POND YES NO REPLACED ADDED REMOVED SOME REMOVED ALL

R DRIP IRRIGATION YES NO REPLACED ADDED REMOVED SOME REMOVED ALL



APPENDIX A (Cont'd.)

Please answer al of the following questons  even if your yard h15 Po 

0-4 What percentage of your yard is now covered with grass? (Please cite one numoer in each row.)

FRONT YARD None 10% 20% 30% 40% 50% 60% 70% 80% 93% 100%

BACK YARD None 10% 20% 30% 40% 50% 60% 70% 80% 90.% 100%

0-5 h recent years, has your use of grass

SUMMER GRASS

1 INCREASED

2 DECREASED

3 STAYED ABOUT THE SAME

4 BEEN TOTALLY REMOVED

5 PLANTEDFOR THE FIRSTTIME 

I WINTER (RYE) GRASS

1 INCREASED

2 DECREASED

3 STAYED ABOUT THE SAME

4 BEEN TOTALLY REMOVED

5 PLANTED FOR THE FIRST TIME

0-6 People like and dislike grass for many reasons. Please indicate how important each of these qualities is

to you. If you feel that a quality is extremely important, circle the number 1. If a quality is totally un-

important to al, circie the number 6. If it is somewhat important circle 2, 3, 4 or 5.

A Provides a place for	 EXTREMELY	 TOTALLY

children to play 	 IMPORTANT 1	 2	 3	 4	 5	 6 UNIMPORTANT

EXTREMELY	 TOTALLY

B Uses a iot of water 	 IMPORTANT 1	 2	 3	 5	 6 UNIMPORTANT

C Helps me feel cooler	 EXTREMELY	 TOTALLY

in summer 	  IMPORTANT 1	 2	 3	 5	 6 UNIMPORTANT

EXTREMELY	 TOTALLY

D Requires a lot of work 	  IMPORTANT 1	 2	 3	 4	 5	 6 UNIMPORTANT

E Makes our house 	 EXTREMELY	 TOTALLY

more attractve 	 IMPORTANT 1	2	 3	 5	 3 UNIMPORTANT

F Helps me to forget	 EXTREMELY	 TOTALLY

I live in a desert 	  IMPORTANT 1	 2	 3	 4	 5	 6 UNIMPORTANT

G Without grass,	 EXTREMELY	 TOTALLY

a yard's not a yard 	 IMPORTANT 1	 2	 3	1	 5	 6 UNIMPORTANT

H Costs more than	 EXTREMELY	 TOTALLY

other landscapes 	 IMPORTANT 1	 2	 3	4	 5	 6 UNIMPORTANT

I Increases the sale price	 EXTREMELY	 TOTALLY

of the house 	 IMPORTANT 1	 2	 3	 4	 5	 6 UNIMPORTANT

J Reduces the pleasure of	 EXTREMELY	 TOTALLY

being in a desert 	 IMPORTANT 1	 2	 3	 4	 5	 6 UNIMPORTANT

K Grass isn't natural in a	EXTREMELY	 TOTALLY

desert environmen	 IMPORTANT 1	 2	 3	 4	 5	 6 UNIMPORTANT

L Wastes water because people

water too much or let	 EXTREMELY	 TOTALLY

it tun onto streets 	  IMPORTANT 1	 2	 3	 4	5	 6 UNIMPORTANT
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I	 TREES	 I

1 6-10 AM

2 10 AMTO2PM

3 2-6 PM

4 4-8 PM

5 8 PM TO 6AM

OTHER PLANTS

1 6-10 AM

2 10 AMTO2PM

3 2-6 PM

4 4 -8 PM

5 8PMTO6AM

•
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Q-7 How co you water? /Please circle the numbers of j that aoon/.1

THE GRASS	I Flir— IES

1 FLOOD SYSTEM	 1

2 MANUAL SPRINKLER SYSTEM	 2

3 AUTOMATIC SPRINKLER SYSTEM	 3

3 PORTABLE SPRINKLER	 4

4 HAND WATER	 5

6 NEVER WATER	 6

7

Q-8 How many hours per day do you usually water on

turned on unti it is turned off)?

48

OTHER PLANTS

1 MANUAL DRIP SYSTEM

2 AUTOMATIC DRIP SYSTEM

3 MANUAL SPRINKLER SYSTEM

4 AUTOMATIC SPRINKLER SYSTEM

5 PORTABLE SPRINKLER

6 HAND WATER

7 FLOOD SYSTEM

8 NEVER WATER

the days that you water (time from when the water is

SUMMER	 I I	 WINTER	 I

MINUTES	 HOURS	 MINUTES	 HOURS

MINUTES	 HOURS	 MINUTES	 HOURS

MINUTES	 HOURS	 MINUTES	 HOURS

A GRASS

B TREES

C OTHER PLANTS

Q-9 How often do you change the irrigation schedule during the year?

A GRASS	 NUMBER OF TIMES YOU CHANGE THE SCHEDULE

B TREES	 NUMBER OF TIMES YOU CHANGE THE SCHEDULE

C OTHER PLANTS	 NUMBER OF TIMES YOU CHANGE THE SCHEDULE

Q-10 During what Dart of the day do you usually water in the summer? (Please circle the numbers of all

that aooly.)

GRASS

1 6-10 AM

2 10 AM TO 2PM

3 2-6 PM

4 4-8 PM

5 8 PM TO 6 AM

Q-11 How do you decide how often to water? (Circle the numbers of all that apply.)

1 MEASURING SOIL MOISTURE	 5 HOSE IS ATTACHED TO A LEAKING FAUCET &

2 DAYTIME TEMPERATURES	 MOVED FROM PLANT TO PLANT

3 AMOUNT OF RAINFALL	 6 WHEN THE NEIGHBORS WATER

4 HOW THE PLANTS LOOK	 7 TELL US YOUR OWN UNIQUE METHOD 	

Q-12 How many times per month do you (Please circle one answer for each item.)

A Wash your car at home

B Hose off sidewalk/pato

C Water yard longer than

planned in summer

D Backwash swimming pool

filter system

ZERO	 ONE

ZERO	 ONE

ZERO	 ONE

ZERO	 ONE

TWO 3-4 5-9 10+

iWO 3-4 5-9 10+

TWO 3-4 5-9 10+

TWO 3-4 5- 9 10+
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0-13 Do you have a swimming or lap pool? (Please are one.)

1 YES

2 NO	 If NO, please go to question 18

0-14 What is the approximate size of the Poor?

NUMBER OF GALLONS OR LENGTH 	 WIDTH
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0-15 When was the pool installed?

YEAR

Q-16 Do you cover the pool? 1 YES 2 NO

0-17 To what source is the pool filter system backwasned?

1 A SEWER

2 AN ARROYO, RIVER, STREAM BED, ETC.

3 GARDEN OR OTHER LANDSCAPED AREA

4 STREET OR ALLEY

ABOUT YOUR HOME

0-18 Which of the following best descnbes the building in which you live? (Please circle the numoer of

your answer.)

1 A MOBILE HOME OR TRAILER

2 A ONE-FAMILY HOUSE DETACHED FROM ANY OTHER HOUSE

3 A ONE-FAMILY HOUSE WITH A GUEST HOUSE DETACHED FROM ANY OTHER HOUSE

4 A BUILDING FOR MORE THAN ONE HOUSEHOLD (FAMILY)

6 OTHER: (Please cc:scribe.) 	

0-19 Is the home in which you live:

1 RENTED BY YOU	 3 OTHER ARRANGEMENT: (Please aescnbe.)

2 OWNED BY YOU

0-20 How many rooms are in your home? Please do agt count bathrooms, porches, balconies,

foyers, halls, half-rooms, or storage areas.

	 NUMBER OF ROOMS

Q-21 How many years have you lived in your present home?

NUMBER OF YEARS (if less than a year 	 MONTHS)

0-22 To the best of your knowledge, about when was your home built? We mean fir_11

constructed and not when remodeled, added to, or converted. (Circle one numoer.)

1 BEFORE 1940	 4 1960 TO 1969

2 1940 TO 1949	 5 1970 TO 1979

3 1950 TO 1959	 6 1980 OR AFTER	 ••-•> (If known, please out exact year: 
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Q-23 Which of these ao you nave? (Circle me numbers of ga that aopty.)

1 WASHING MACHINE WITHOUT ADJUSTABLE WATER LEVELS 	 6 GARBAGE DISPOSAL

2 WASHING MACHINE WITH ADJUSTABLE WATER LEVELS	 7 WET BAR

3 WATER SAVING DISHWASHER	 8 LARGE AQUARIUM

4 DISHWASHER THAT IS NOT WATER SAVING	 9 EVAPORATIVE COOLER

5 INDOOR HOT TUB, JACUZZI, OR SPA	 10 INSULATED HOT WATER

PIPES

Q-24 For the following questions, please oount the fixtures inside the house, in kitchens ana bathrooms as

well as those in laundry rooms, wet bars, etc.

Number of	 Numcer of	 Number of

Showemeaas	 Faucets	 Toilets

How many are inside your nome?

How many are regularty usea? 	

Of those regularly usea,

how many are water-saving? 	

Q-25 How satisfied are you with the water-saving features that are in your present house? (Circle answers

obL for items in your house.)

I VERY MOSTLY MOSTLY VERY i

DISSATISFIED DISSATISFIED TOLERATE SATISFIED SATISFIED

A Low-flow showerheaas	 VDIS	 MDIS	 TOL	 MSAT	 VSAT

B Low-flow faucets 	 VOIS	 MOIS 	TOL	 MSAT	 VSAT

C Water saving toilet 	  VDIS	 MDIS	 TOL	 MSAT	 VSAT

0 Darn in toilet tank 	 VDIS 	MOIS 	TOL	 MSAT	 VSAT

E Water-saving dishwasner 	/DIS 	MDIS	 TOL	 MSAT	 VSAT

Q-26 People sometimes dislike water-saving features. If you oppose some water-saving features, please

tell why, even if you don't have them. (Circle the numoers of all that apply.)

1 NOT ENOUGH WATER FOR TOILET FLUSHING

2 NOT ENOUGH WATER FOR SHOWERING

3 TOO HARD TO CONTROL WATER TEMPERATURE

4 GETS CLOGGED UP TOO OFTEN

5 OTHER (Please specify.) 	

Q-27 When you use me ,..).snwasher, washing machine or bathtub, how full are they? (Please circle one

answer for each.)

HOW FULL?

Of dishes in the dishwasher	 FULL 1/210 3/4 1/410 1 12 LESS THAN 1/4 N/A

Of clothes in the clothes wanner FULL 1/2 TO 3/4 1/4 TO 1/2 LESS THAN 1/4 N/A

Of water in the bathtub	 FULL 1/2 TO 3/4 1/410 1/2 LESS THAN 1/4 N/A
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ONE

ONE

ONE

ONE

ONE

ONE

ONE

1-3

1-3

1-3

TWO

TWO

TWO

TWO

TWO

T'NO

TWO

4-7

4-7

4-7

3-4

3-4

3-4

3-4

3-4

3-4

3-4

8-12

9-12

8-12
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WATER PRACTICES

Q-28 How many times in total, are the following things cone at your home per week?

answer for each item.)

ITEM	
TIMES PER WEEK

A Run a dishwasher	 ZERO

B Leave water running in

bathroom or kitchen	 ZERO

C Water the grass in summer	 ZERO

D Water trees in summer	 ZERO

E Water other plants in summer	 ZERO

F Water the grass in winter	 ZERO

G Water trees in winter	 ZERO

H Water other plants in winter	 ZERO

I Run a washing machine	 ZERO

J Take baths	 ZERO

K Take showers	 ZERO

(Please crrae one

	5-6 	 7+

	5-6 	 7+

	

5-6	 7+

	

5-6	 7+

	5-6 	 7+

	

5-6	 7+

	

5-6	 7+

	

13-20	 21+

	

13-20	 21+

	

13-20	 21+

ONE	 TWO	 3-4	 5-6	 7+

0-29 Do you usually adjust the washing machine water level to fit the load when the macnine is not full?

1 YES

2 NO

0-30 Which do you most often do (Please circle

WHEN BRUSHING TEETH?

1 LET THE WATER RUN WHILE BRUSHING

2 TURN THE FAUCET OFF & RINSE BRIEFLY

one answer for eacn.)

WHEN SHOWERING?

1 LET WATER RUN WHILE SOAPING

2 TURN FAUCET OFF WHILE SOAPING

0 -31 On average, approximately how long are tne snowers that you take, if you take showers? (Please

circle the number of your answer.)

1 0 TO 2 MINUTES PER SHOWER

2 3 TO 5 MINUTES PER SHOWER

3 6 TO 8 MINUTES PER SHOWER

0-32 If you take showers with a low-flow showerheaa, how often co you rxefer to take a ionger snower

because of the low-flow showerhead?

1 NEARLY ALWAYS

2 OFTEN

3 SOMETIMES

4 RARELY

5 NEVER

0-33 Do you and other household members flush the toilet every time you use it?

1 YES

2 NO

4 9 TO 10 MINUTES PER SHOWER

5 MORE TI-IAN 10 MINUTES PER SHOWER
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YOUR OPINIONS ABOUT WATER

52

0-34 Here are some opinions that people hold about saving water. Please it-log:ate the extent to wnicn you

agree or disagree with those below. If you strongly agree circle the number 1. If you strongly disagree,

circle the number 6. If you are somewhat in agreement or disagreement, circle 2, 3, 4 or 5.

A I feel a personal obligation to reduce my usage	 STRONGLY	 STRONGLY

of water 	  AGREE 1 2 3 4 5 6 DISAGREE

B I find that being able to reduce the amount of water I STRONGLY	 STRONGLY

use, and live just as comfortably, is very satisfying_ AGREE 1 2 3 4	 5 6 DISAGREE

C Households need not reduce their use of water	 STRONGLY	 STRONGLY

since golf courses use so much water 	 AGREE 1 2 3 4	 5 6 DISAGREE

D Saving water seems much less important to me	 STRONGLY	 STRONGLY

now than it did when I first moved to Tucson	 AGREE 1 2 3 4	 5 6 DISAGREE

E It would be possible for me to save even more	 STRONGLY	 STRONGLY

water than I have already saved 	  AGREE 1 2 3 4	 5 6 DISAGREE

F Saving water would reduce the need to use	 STRONGLY	 STRONGLY

treated imported water 	  AGREE 1 2 3 4	 5 6 DISAGREE

G Businesses and industries should cut back on water STRONGLY	 STRONGLY

use more than households 	 AGREE 1 2 3 4	 5 6 DISAGREE

H Overall, water rates would be lower if peope saved

water, compared with rates if people did not save	 STRONGLY	 STRONGLY

water 	  AGREE 1 2 3 4 5 6 DISAGREE

I The water saved by households ensures greater

supplies of water for industries and thus helps tu	 STRONGLY	 STRONGLY

attract business to Tucson 	  AGREE 1 2 3 4	 5 6 DISAGREE

J Reducing water use through low-flow showemeacis, STRONGLY 	 STRONGLY

faucets and toilets is unsanitary 	  AGREE 1 2 3 4	 5 6 DISAGREE

K Households should cut beckon water use more	 STRONGLY	 STRONGLY

than farmers 	  AGREE 1 2 3 4 5 6 DISAGREE

L It would not be worthwhile for me to change my wa-

ter usage in order to save money. The savings	 STRONGLY	 STRONGLY

would not be worth the trouble 	  AGREE 1 2 3 4	 5 6 DISAGREE
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APPENDIX B BACKGROUND FOR DETERMINING CROP COEFFICIENTS AND IRRIGATION

EFFICIENCIES.

Garbesi (1990) estimated ranges for average summertime crop

coefficients for landscape vegetation based on horticultural research on

turf grasses, trees and groundcovers. These were 0.8 - 0.6 for grass,

0.5-0.4 for trees and 0.4 to 0.3 for shrubs and groundcovers. The

University of California Cooperative Extension Service estimated ranges of

ET statewide, taking into account the entire year. The rates were 0.4 to

1.2 for grasses, 1.2 for trees and 1.15 for evergreen shrubbery. Rates

used in this study are 0.8 for grasses or high water use plants, 0.5 for

medium water use plants of all kinds, and 0.3 for low water use plants of

all kinds.

Garbesi (1990) found irrigation efficiencies have been measured for

large turf areas. Efficiencies from 45 to 65 percent have been found,

with most irrigation systems in the 45 to 50 percent range. These lower

ratings reflect studies which have found much water is lost to excessive

runoff or percolation due to poor irrigation uniformity or application of

too much water, too quickly. These numbers represent sprinkler irrigation

efficiencies only, not drip irrigation. Thus numbers for drip irrigation

were obtained from estimates made by Hardie Irrigation (no date). For a

hot, dry climate a drip irrigation efficiency of 85 percent is estimated.

Numbers for hand watering, which is rated as very efficient by the Arizona

Department of Water Resources were estimated to lie between 65 and 85

percent, usually closer to the highest rating.

In order to assure each residence was rated on an equal basis, a

method for rating was developed. The method uses these factors: presence

of lawn, type of irrigation system and its efficiency, and whether or not

the homeowner adjusts the irrigation schedule during the year. The
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following method was used to determine the irrigation efficiency to be

used for the residences in this sample:

45% efficiency - lawn, sprinkler/flood irrigation, same schedule

50% efficiency - lawn, sprinkler/flood irrigation, change schedule

55% efficiency - no lawn, sprinkler/flood irrigation, same schedule

60% efficiency - no lawn, sprinkler & drip irrigation, same schedule

65% efficiency - no lawn, sprinkler & drip irrigation, change schedule

80% efficiency - no lawn, drip/hand irrigation, same schedule

85% efficiency - no lawn, drip/hand irrigation, change schedule
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APPENDIX C LIST OF INVENTORIED PLANT SPECIES AND WATER USE CATEGORIES

High Water Use Plants 

Annual flowers
Apetinia sp.
Bambusa oldhamii
Buxus microphylla japonica
Camellia sp.
Catharanthus roseus
Chlorophytum comosum
Citrofortunella mitis
Citrus sp.
Cynodon dactylon
Cyperus alternifolius
Dichondra micrantha
Eichhornia crassipes
Eriobotrya japonica
Fortunella margarita
Gardenia jasminoides
Winter annuals

Iris pseudacorus
Ligustrum japonicum
Lolium multiflorum
Lonicera japonica
Magnolia grandiflora
Mentha sp.
Morus alba
Petunia hybrida
Philodendron selloum
Phyllostachys aurea
Platanus wrightii
Potted plants
Raphiolepis indica
Summer annuals
Typha latifolia
Vegetable garden
Viola odorata

Medium Water Use Plants 

Ailanthus altissima
Albizia julibrissin
Aloe barbadensis
Antigonon leptopus
Arctostaphyllos sp.
Arecastrum romanzofflanum
Asparagus dens iflorus
Bougainvillea sp.
Brachychiton populneus
Brahea armata
Bulbs
Butia capitata
Caesalpinia pulcherrima
Callistemon citrinus
Callistemon viminalis
Camps is radicans
Carissa grandiflora
Carpobrotus edulis

Carrya illinoensis
Casuarina stricta
Cedrus deodora
Cercidium floridum
Chrysanthemum frutescens
Chrysanthemum morifolium
Convolvulus mauritanicus
Cotoneaster glaucophyllus
Cotoneaster lacteus
Cotoneaster pannosus
Cotoneaster sp.
Cupressus sempervirens
Cycus revoluta
Dalea greggii
Euonymus japonica
Eurovops daisy
Feijoa sellowiana
Ficus pumila
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Medium Water Use Plants 

Fraxinus velutina
Gelsimium sempervirens
Grevillea robusta
Hedera canariensis
Hemerocalus sp.
Iris sp.
Jasminum mesneyi
Juniperus chinensis
Juniperus sabina
Juniperus scopulorum
Justicia speciosa
Justicia spicigera
Lagerstroemia indica
Lantana camara
Lantana montevidensis
Ligustrum lucidum
Lobularia maritima
Lysiloma thornberi
Mac fadyena unguis-cati
Mahonia aguifolium
Malus sp.
Melia azedarach
Mixed wildflowers
Myoporum parvifolium
Myrtus communis
Nandina domestica
Nandina domestica 'compacta'
Nerium oleander
Nerium oleander 'petite'
Oenothera berlandieri
Olea europaea
Passiflora alatocaerulea
Penstemon sp.
Phoenix canariens is
Pinus eldarica

Pinus pinea
Pittosporum tobira
Pittosporum tobira 'variegata'
Platycladus orientalis
Plumbago auriculata
Podocarpus macrophylla
Prunus cerasifera'atropurpurea'
Prunus persica nucipersica
Prunus sp.
Punica granatum
Pyracantha sp.
Pyrus sp.
Rosa banksiae
Rosa sp.
Rosmarinus officinalis
Salvia greggii
Sansevieria trifasciata
Schinus molle
Setcreasea pallida
Sophora secundiflora
Tagetes sp.
Tecoma stans
Tecomaria capensis
Teucrium chamaedrys
Thevetia peruviana
Trachelospermum jasminoides
Ulmus parvifolia
Ulmus pumila
Verbena peruviana
Vinca major
Vinca minor
Vitis vinifera
Washingtonia californica
Washingtonia robusta
Xylosma congestum
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Low Water Use Plants 

Acacia abyssinica
Acacia constricta
Acacia greggii
Acacia redolens
Acacia smallii
Acacia stenophylla
Agave americana
Agave sp.
Agave vilmoriniana
Caesalpinia gilliesii
Carnegiea gigantea
Cupressus arizonica
Cupressus glabra
Dasylirion wheeleri
Dodonea viscosa
Eucalyptus camaldulensis
Eucalyptus microtheca
Eucalyptus polyanthemis
Eucalyptus sp.
Ferocactus sp.

Fouquieria splendens
Hesperaloe parviflora
Larrea tridentata
Leucophyllum frutescens
Misc. Cacti
Opuntia ficus-indicua
Opuntia sp.
Parkinsonia aculeata
Pennisetum setaceum
Pinus halepensis
Prosopis sp.
Rhus lancea
Sambucus mexicana
Santolina virens
Simmondsia chinensis
Vitex agnus-castus
Yucca alata
Yucca aloifolia
Yucca baccata
Yucca recurvifolia
Yucca sp.
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