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EXECUTIVE SUMMARY 

The general objective of this project performed by Stratus Consulting is to examine and quantify 
the functional relationship between water consumption and water price for single family 
residential customers in Texas. The first law of economic theory states that as the price of a 
commodity increases, its quantity demanded decreases. This law is widely believed and well 
documented. Empirical research over the last 30 years has consistently shown this to be true for 
water. Although the direction of the relationship is well understood and accepted, the precise 
relationship between water price and demand is not. Many previous price elasticity studies lack 
the sophistication in statistical design and appropriate databases required to produce reliable 
results. In addition, price elasticity estimates generated in one region are rarely applicable to 
other regions. 

A specific objective of this project is to identify the overall price signal perceived by customers 
from the multiple prices associated with block rates. If water agencies sold water at a single 
price, the question of price signal would be an easy one - it would be the singular water price. 
When water is sold at multiple water prices, in contrast, we must identify the price or 
combination of prices to which customers respond. This question of price signal is of growing 
importance because many Texas water agencies are adopting increasing block rate structures in 
which water price increases with increasing increments of water use during a billing period. One 
of the principal arguments used in support of block rates is that they increase the price signal sent 
to customers to conserve water. This project investigates this hypothesis via both survey research 
(psychometrics) and empirical evaluation of water use patterns (econometrics). The impact of 
increasing block rates on peak season water use is of particular concern. 

These challenging questions require both a strong research design and an extensive dataset to 
obtain accurate, statistically valid answers. To isolate and describe the impact of water price on 
water use, we must control for all the other factors affecting water use. Because of the inherent 
complexities in controlling for nonprice factors, we determined that the best course for this 
project was to use a highly focused segmentation plan. We identified 15 representative customer 
profiles and then selected sample homes that closely match the profile definitions over a cross­
section of water agencies. In this way we obtained and analyzed water consumption of homes 
that are nearly identical is all ways, except for the critical fact that they face different water 
prices both over time and across water agencies. In short, we used a nonrandomized selection 
process to control for nonprice variables so that we could isolate the water price impact. We 
collected data from 3,276 homes served by the cities of Austin and Corpus Christi, and the San 
Antonio Water System (SAWS). 
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EXECUTIVE SUMMARY ~ S-2 

Conclusions on Pricing from Mail Survey 

From the survey results, the major findings regarding pricing are as follows: 

~ Only 25% of customers report assessing the fmancial impacts of water use decisions 
quantitatively. Only 3% report using marginal price (the price paid for the last unit of 
water consumed) in their decisions. 

Customers concerned about their water bill focus on the total dollar amount. They are 
much less knowledgeable of the details of the water rate structure and its prices. 

~ Price sensitivity is greatest with respect to outdoor irrigation. 

~ The link between winter water use and the sewer bill is not well recognized by customers. 

With respect to price signal perceived by customers facing increasing block rates, there is no 
single, perfect answer explaining how all people perceive block prices. However, it is clear that 
the assumption that customers know and respond to perfect information regarding water pricing 
is false. 

It is interesting to contrast water demand with gasoline demand. Gasoline has a measurement 
that is easily visualized (e.g., gallon), is frequently purchased for a single end use (e.g., car 
getting 20 miles per gallon), and is sold at a single, well-advertised price. Utility water is sold in 
hard-to-fathom units (e.g., thousand gallons), for consumption aggregated over many end uses 
over a month, and at multiple, often nonadvertised prices on a combined utility bill. As a 
consequence, it is logical that more respondents report being familiar with gasoline prices (83%) 
than water prices (24%). 

Conclusions from Water Use Analysis 

We compared profile water use among the homes from Austin, Corpus Christi, and SAWS over 
the period 1990 through 1997. Our analysis suggests the following conclusions: 

~ The quantity of water demanded clearly decreased with increasing water prices, as 
illustrated in Figure S-1. 

~ Average price is better than marginal price in explaining the quantity of water demanded. 
This conclusion is consistent with the general lack of awareness of block rates reported in 
the mail survey. 

In Austin's case, a switch from a single water price to increasing block rates in 1994 did 
not tend to lower water consumption for the 15 customer profiles studied. An explanation 
for this finding is that average water prices (inflation adjusted) dropped within all profiles 
after 1994, even for those profiles experiencing an increase in marginal water prices. 
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EXECUTIVE SUMMARY~ S-3 

Figure S-1 
Water Demand Curves 
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Customers do not tend to factor in sewer prices into their water use decisions. This 
conclusion is also supported by the survey results showing that only 38% of customers 
correctly realize the link between water consumption and the sewer bill. 

~ The informational content of the water bill may affect customers' perceived price 
specification, but this hypothesis could not be tested in this study. 

Price elasticity is not correlated with house age or wealth, at least when household 
income is less than $100,000 per year. 

The weighted overall arc price elasticities for Austin, Corpus Christi, and SAWS are 
-0.17, -0.20, and -0.20, respectively. These should be interpreted as long-run elasticities. 

The price elasticities reported in this study are relevant for water prices in the $1 to 
$3 per thousand gallon (TG) range. 
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EXECUTIVE SUMMARY ~ S-4 

~ For increasing block rates to be effective in reducing water consumption, customers need 
to respond to marginal water prices, not average water prices. 

Water agencies can improve the effectiveness of increasing block rates to reduce water 
consumption by simplifying rates, educating customers about water end uses, and 
improving the informational content of the water bill. 

Future Research 

This study would have benefited by the inclusion of more water agencies with differing rate 
structures and rate levels. In particular, we could have made use of a water agency charging a 
single, nonblock water price in the $1 to $2/fG range to help us assess the impacts of increasing 
block rates (i.e., relative to SAWS or Corpus Christi). In addition, we would have liked to have 
another participating water agency with a water rate structure similar to SAWS, but that used a 
typical, uninformative water bill. Such a situation would allow us to measure the impact of 
SAWS' water bill, which provides detailed historical water use information. Future research 
could address these situations. 
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CHAPTER! 
RESEARCH OBJECTIVES AND APPROACH 

This chapter provides a definition of price elasticity and the research objectives and approaches 
of this study. 

1.1 DEFINITION OF PRICE ELASTICITY 

A demand curve graphically shows the relationship between price (vertical axis) and quantity 
demanded (horizontal axis). In keeping with the first law of demand in economic theory, the 
curve is expected to be negatively sloped so that water price increases lead to water demand 
decreases. 

Before proceeding, we need to introduce "price elasticity," which is a term commonly used by 
economists to measure the sensitivity of customers to price at a point on a demand curve. Price 
elasticity measures the percentage change in quantity demanded resulting from a 1% change in 
price, all other factors held constant. Price elasticity, denoted as£, is mathematically defined as: 

% Change in Q oQ P 
t: = =-x-

1% Change in P ClP Q ' 
(1-1) 

where Q is water use and P water price (a denotes partial derivative). For example, if a water 
price increase of 1% leads to a 0.2% reduction in water use, then price elasticity would be -0.2. 

It is important to note that price elasticity represents the rate of change at a point on the demand 
curve. To measure price elasticity over a segment on a demand curve, economists commonly use 
what is referred to as an arc elasticity of demand, defined as: 

Ar 
Q1-Q2 P1+P2 c t: = _.:;:;___.:::._ 

(Q1 + Qz)/2 (P1 + Pz)/2 
(1-2) 

where Q1 and P1 are water demand and water price at one point on the demand curve and Q2 and 
P2 represent another point. Arc elasticity simply measures the average change in water use over 
the average change in price. 

Lastly, when analyzing price elasticity, the distinction between the short run and the long run 
should be made. The second law of demand states that a customer will be less price elastic in the 
short run. This occurs because customers need time to make all desired adjustments to a price 
change, especially with respect to capital investments in water-using appliances, fixtures, and 
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OBJECTIVES AND APPROACH .. 1-2 

landscapes. Once a customer makes a water-related capital investment, it becomes a sunk cost. It 
may take a long time before that investment needs replacing (e.g., toilet). Hence, while price 
increases may induce customers to act sooner, it may take some customers years to complete 
desired changes. 

1.2 RESEARCH OBJECTIVES 

The general objective of this project is to examine and quantify the functional relationship 
between water consumption and water price for single-family residential customers in Texas. 
The first law of economic theory states that as the price of a commodity increases, its quantity 
demanded decreases. This law is widely believed and well documented. Empirical research over 
the last 30 years has consistently shown this to be true for water. Although the direction of the 
relationship is well understood and accepted, the precise relationship between water price and 
demand is not. Many of the previous price elasticity studies lack the sophistication in statistical 
design and appropriate databases required to produce reliable results. In addition, price elasticity 
estimates generated in one region are rarely applicable to other regions. 

A specific objective of this project is to identify the overall price signal perceived by customers 
from the multiple prices associated with block rates. This question is of growing importance 
because many Texas water agencies are adopting increasing block rate structures in which water 
price increases with increasing increments of water use during a billing period. One of the 
principal arguments used in support of block rates is that they increase the price signal sent to 
customers to conserve water. This project investigates this hypothesis via both survey research 
(psychometrics) and empirical evaluation of water use patterns (econometrics). The impact of 
increasing block rates on peak season water use is of particular concern. 

Another specific objective of the study is to generate results that are readily usable by 
practitioners to assist real-world decision-making concerning rate design, water use and revenue 
forecasting, resource planning, and customer support. The results need to be developed and 
presented to serve a wider audience than just the participating water agencies. We need to 
maximize the ability of water agencies with differing characteristics to customize findings to 
their situation. 

These challenging questions require both a strong research design and an extensive dataset to 
obtain accurate, statistically valid answers. 

1.3 RESEARCH DESIGN 

Single-family home water use is influenced by many factors. These factors can be segmented 
into the general categories listed in Table 1-1. 
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OBJECTIVES AND APPROACH .. 1-3 

Table 1-1 
General Factors Affecting Water Use 

General Factor Examples 

Demographics Number and age of occupants 

Irrigation potential Lot size and weather 

Technological water efficiency Toilets, showerheads, clothes washers, irrigation system 
performance 

Tastes and preferences Conservation ethic, landscape area, and plant selection 

Economic factors Income and water prices 

Undoubtedly, the functional relationship between water use and its explanatory factors is a 
complicated one. Water consumption recorded at the meter is the summation of a multitude of 
individual decisions related to water fixture purchases, duration of showering, dish and clothes 
washing practices, quickness to detect and repair leaks, type of landscaping plants, and irrigation 
system equipment and scheduling, among many others. Water use decisions are also made by a 
diverse set of people. Some are quite water price sensitive. Others find water price irrelevant to 
their decisions. Sometimes these two types of people (water frugal and lavish) reside in the same 
house. The behavioral science of explaining peoples' actions with respect to consuming water 
has many challenges. 

To isolate and describe the impact of water price on water use, we must control for all the other 
factors affecting water use. Because of the inherent complexities in controlling for nonprice 
factors, we determined that the best course for this project was to use a highly focused 
segmentation plan. The plan's basic concept is to identify 15 representative customer profiles 
and then select sample homes that closely match the profile definitions over a cross-section of 
water agencies. In this way we can obtain and analyze water consumption of homes that are 
nearly identical is all ways, except for the critical fact that they face different water prices both 
over time and across water agencies. In short, we use a nonrandomized selection process to 
control for nonprice variables so that we can isolate the water price impact. The advantage of this 
approach is that we do not have to assume (gamble) that we can analytically control (i.e., via 
regression analysis) for all of the other nonprice variables affecting water use which likely have 
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nonlinear, interdependent, and complicated functional relationships.1 The disadvantage of this 
approach is that much effort must be put into home selection so that we indeed have nearly 
identical homes in each profile for which we can make "apples to apples" comparisons. 

1.4 ANALYTIC APPROACHES 

We studied the data obtained from the profiles, as described in Chapter 2, in three distinct ways. 
All three ways assist us in understanding the price/quantity relationship with water. 

First, we analyzed mail survey results regarding customers' knowledge and sensitivity to water 
prices and uses. As part of this study, we conducted the most extensive survey ever on the 
subject, collecting responses from 3,276 Texas homes. Measuring water users' attitudes, 
opinions, and knowledge of water pricing issues can provide much useful information, as 
addressed in Chapter 3. In particular, this approach helps us to answer the question regarding the 
price signal perceived by customers from block rate structures (i.e., price specification). 

The two other analytic approaches focus not on what water users say, but on what they do. Here 
we analyze historical water use to measure the correlation between water use and water price. In 
particular, we look at and judge the likeliness of alternative price specifications. In Chapter 4, we 
focus on the analysis of aggregate home water use by profile. In Chapter 5, we analyze 
individual home water use by profile. 

We produced four appendices to elaborate on important issues. Appendix A presents the mail 
survey. Appendix B provides details on the weather variable employed in the analysis. 
Appendix C lists characteristics of the selected profiles, and Appendix D includes sample water 
bills for each agency. Appendix E describes the model used in Chapter 5. 

1. Previously, water demand researchers analyzing data at the household level relied on developing a statistical 
demand equation representing a random, heterogeneous group of customers. Water use on the left side of the 
equation is specified to equal a mathematical function of explanatory variables on the right. Multiple 
regression is then used to estimate the coefficients in the relationship. The weakness of this approach is that is 
it is almost impossible to know the specific mathematical function connecting the explanatory variables to 
water consumption. In the past, researchers have assumed specifications for computational convenience (linear 
or log-transformed linear specifications), not logical reasoning. In addition, compiling one model for a sample 
of heterogeneous users may mask important differences among market segments. In contrast, using sampling 
to control for external differences is much more common in other research applications. For example, clinical 
trials in pharmaceutical studies often use very specific profiles of people (e.g., age, sex, ethnicity, blood type) 
in their analytical evaluations. 
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CHAPTER2 
DATA COLLECTION 

This chapter describes the data collected for this study. Chapters 3, 4, and 5 describe the analyses 
that make use of these data. 

2.1 WATERAGENCYPARTICIPANTS 

The City of Austin, the City of Corpus Christi, and the San Antonio Water System (SAWS) are 
the participating water agencies in this study. They serve relatively large residential customer 
populations, as shown in Table 2-1. 

Table 2-1 
Number of Single Family Homes 

Single Family Customers 
Water Agency (1997 approximation) 

Austin 138,000 

Corpus Christi 62,000 

San Antonio Water System 260,000 

Total 460,000 

2.2 PROFILE DEFINITIONS 

Our first data task was to define representative customer proflles. For all single family homes 
served by the participating agencies, we obtained house age, lot size, house size, and assessed 
property value via tax assessor records. We then used this information and the following 
procedure to define the proflles. 

1. House age. We segmented homes into three house age groups as follows: pre-1960, 1960 
to 1979, and 1980 to 1993. We did not include homes built after 1993 because they have 
limited historical billing records and may be in a period of transition regarding major 
water-related investments such as landscaping. The 1980 threshold was used because that 
is when changes in plumbing fixtures started occurring in the United States 
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(e.g., to 3.5 gallon per flush toilets). The 1960 threshold was used because it roughly 
splits in half the number of homes in the pre-1960 and 1960-1979 groups. 1 

2. Property value. Within each house age group, we segmented homes into five 20% 
increments (quintiles) from lowest to highest property value. For example, the first 
quintile contains the 20% of homes with lowest property values. 

3. Lot size and house size. For each of the 15 segments identified above (three house age 
groups each divided into five property value groups), we identified median property 
value, lot size, and house size. These values serve to define each profile as shown in 
Table 2-2. For example, homes in the eighth profile were built between 1960 and 1979 
and have profile target values of $60,416 for property value, 8,276 ft2 for lot size, and 
1,348 ft2 for house size. 

Table 2-2 
Profile Definitions 

Prop. Value Profile Values 
Profile HouseAge Percentile Prop. Value Lot Size (fe) House Size (ft2

) 

1 Pre-1960 lOth $18,691 6,000 800 
2 Pre-1960 30th $29,431 6,970 1,000 
3 Pre-1960 50th $38,765 7,405 1,158 
4 Pre-1960 70th $52,486 7,910 1,304 
5 Pre-1960 90th $93,200 9,583 1,687 

6 1960-1979 lOth $27,905 6,960 912 
7 1960-1979 30th $44,100 7,735 1,137 
8 1960-1979 50th $60,416 8,276 1,348 
9 1960-1979 70th $78,300 9,075 1,630 
10 1960-1979 90th $119,500 10,925 2,145 

11 1980-1993 lOth $48,700 6,210 1,094 
12 1980-1993 30th $69,500 6,820 1,376 
13 1980-1993 50th $83,700 7,320 1,600 
14 1980-1993 70th $104,020 8,190 2,000 
15 1980-1993 90th $174,928 10,819 2,625 

1. It should be noted that the house age field for Corpus Christi was null for homes built before 1976. As a 
consequence, for the pre-1960 and 1960-1979 categories we specified only that homes be built before 1980. 
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DATA COLLECTION._ 2-3 

2.3 SAMPLE SELECTION 

For each of the 15 profiles defined, we sought to identify homes that closely matched our profile 
definitions. The total sample size was limited to 7,500 homes because of project budget 
constraints related to the mail survey. 

Given this constraint, we constructed selection rules to identify the 7,500 homes within the 
available universe of homes that would best serve the objectives of this study. The selection rules 
are as follows: 

1. Water agency equality. Select an equal number of homes from each of the three water 
agencies. 

2. Profile equality. Select an equal number of homes for each of the 15 profiles. 

3. Best fit. Select homes closest to the median property value, lot size, and house size 
values for each profile. 2 

Using these selection rules, we identified the best 7,500 homes- 2,500 homes from each of the 
three water agencies; 500 homes for each of the 15 profiles. 

2.4 MAIL SURVEY 

To collect more information on the 7,500 selected homes, we conducted a mail survey. The 
survey collected information in four broad areas related to measuring customers' perceptions, 
sensitivities, actions, and opinions associated with water prices and water uses: 

1. Knowledge and perceptions of water rates 
a. Do customers know they have increasing block rates? 
b. Are customers familiar with the number, size, and price of blocks? 
c. Do customers know sewer charges are related to winter water consumption? 
d. Do customers compare current month's water use to previous use? 
e. Do customers know how many gallons they use? 
f. Are increasing block rates too complicated to understand? 

2. Our definition of best fit is to pick the homes that have the minimum-maximum percentage deviation from 
the targeted profile medians (minimax rule). For example, if we have two homes that are (2%, 2%, 2%) and 
( l %, l %, 3%) +1- from the target median of property value, lot size, and house size, respectively, then the first 
home would be ranked above the second home (2% is smaller than 3% ). 
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2. Importance of water rates 
a. To what degree do water prices affect water use decisions? 
b. What water end uses are most sensitive to price? 
c. What is the price signal customers respond to? 

3. Policy opinions regarding water rates 
a. Do customers want more rate information on water bill? 
b. Do customers want more information on ways to conserve water? 
c. Would customers prefer nonblock rates? 
d. Do customers believe the water agency provides water service at a reasonable 

cost? 

4. Sociodemographic information 
a. Do occupants own or rent house? 
b. What type of irrigation system and grass exist? 
c. What type of water end uses (e.g., pool, type of toilets) exist? 
d. What are the number and age of occupants? 
e. What is household income? 
f. What is the age, gender, ethnicity, and education of respondent? 

The survey content and wording evolved as part of a collaborative and iterative effort between 
the participating water agency staff and us. The survey instrument underwent informal pretesting 
before being finalized. Appendix A presents the survey questions and coded answers. 

Survey implementation involved three contacts with water customers: 

.. Advance letter. This letter, printed on water agency letterhead and signed by utility 
personnel, was mailed one week before the survey mailing. This letter explained the 
purpose of the study, introduced the study sponsor, and asked for cooperation in 
completing the survey booklet they would receive in the mail. The advance letter was 
printed in both English and Spanish for those households identified as possibly being 
Hispanic. The advance letter was sent March 23, 1998. 

Survey mailing. The initial survey mailing contained a signed cover letter from the water 
agency, a survey booklet, and a business reply postage-paid return envelope. For those 
households identified as possibly being Hispanic, Spanish versions of the cover letter and 
the survey booklet were enclosed. The survey was sent March 30, 1998. 

Thank you/reminder postcard. One week after the survey mailing, all sampled 
customers received a postcard reminding them to complete and return the survey and 
thanking those who had already done so. The postcard was sent April6, 1998. 
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We coded and entered responses from the returned surveys into a database and conducted a 
number of quality control steps. Table 2-3 shows the net response rates by profile sorted by 
response rate. 

Table 2-3 
Survey Response Rates 

Number of Surveys Returned Total Return Target Property 
Profile Austin Corpus SAWS Total Sent % Value 

1 51 49 31 131 500 26% $18,608 
11 43 51 49 143 500 29% $48,835 

6 57 58 51 166 500 33% $28,079 

2 48 57 67 172 500 34% $29,748 

7 54 74 71 199 500 40% $44,120 

3 56 65 82 203 500 41% $38,734 

12 53 74 79 206 500 41% $70,508 

13 71 75 63 209 500 42% $84,000 

14 73 90 78 241 500 48% $104,126 

8 77 87 90 254 500 51% $60,830 

4 82 90 85 257 500 51% $52,765 

15 86 88 87 261 500 52% $174,280 

9 85 87 94 266 500 53% $77,941 

5 102 83 95 280 500 56% $92,097 

10 97 86 105 288 500 58% $118,573 

Total Returned 1,035 1,114 1,127 3,276 
Total Sent 2,500 2,500 2,500 7,500 
%Returned 41% 45% 45% 44% 
Note: Profile definitions are shown in Table 2-2. An equal number of surveys were sent to each profile 
within each agency. 

The overall44% response rate is quite respectable for this type of survey. 3 The response rates are 
similar among the agencies, with Austin having a slightly lower response rate ( 41%) than Corpus 
Christi and San Antonio ( 45% ). Additional analysis shows that the response rates do not vary 
much with house age. We do find, however, that the response rates decline significantly with the 
lower-valued homes. For homes with assessed property values less than $50,000, the response 
rate is 34%. For homes with assessed property values over $50,000, the response rate is 50%. 

3. The gross response rate was 46%, but some surveys had the identification code removed or could not be 
linked with a specific customer account. 
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2.5 PROFILE HOMOGENEITY 

The success and validity of our analytical approach are predicated on us being able to identify 
and collect information from a valid set of homes. Specifically, we made the following 
assumption: For homes within each profile, characteristics suspected to affect water consumption 
are balanced across all water agencies. 

If this assumption holds, then the overall water use of the profile homes from each water agency 
would be the same, holding water/sewer prices and weather constant. This assumption serves as 
the backbone of our "apples to apples" comparison approach. 

We analyzed the empirical evidence from the tax assessor records and the mail survey to gauge 
the validity of the assumption. The tables in Appendix C provide the statistics for each profile 
related to features of the house, sociodemographics, and general opinions on topics potentially 
affecting water consumption. We find a strong consistency among profiles from different 
agencies. 

Regarding the tax assessor information, we fmd: 

~ little difference among average property values, lot sizes, and house sizes among the 
water agencies for each profile 

~ a tight distribution of property values, lot sizes, and house sizes around the profile targets. 

The differences in the average values of property value, lot size, and house size from the 
associated profile targets never exceed +1- 2%. In 70% of the cases, deviations in the average 
from the profile targets are less than 1%. With respect to distribution, the average deviation 
between observed and profile target values over all individual homes is +1- 3.7%. In 97% of 
cases, the deviation is less than 10%. In no case does an individual home's property value, lot 
size, or house size exceed 15% of the targeted profile value. 

The survey responses are summarized over all profiles in Table 2-4. In general, we find only 
minor differences in the survey responses among water agencies within profiles. The biggest 
overall difference among water agencies concerns occupants' ethnicity. Although the percentage 
of whites across agencies is nearly equivalent (averaging 65%), Austin has a higher black 
population and a lower Hispanic population (14%, 19%) than Corpus Christi (1 %, 29%) and 
SAWS (5%, 29%). In this study, we do not specifically focus on ethnicity as a water use 
determinant, although ethnicity is correlated with other factors such as property value, which we 
do use and control for in our analysis. 

Another notable difference occurs with type of grass. St. Augustine grass is reported as used by 
66% of Corpus Christi homes, 56% of SAWS homes, and 51% of Austin homes. The lower use 
of St. Augustine grass in SAWS and Austin is equivalently offset with a higher percentage of 
reported "mixed grasses." The net impact on water use from this difference is unknown, but is 
likely to be minimal. 
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Table 2-4 
Aggregate Profile Characteristics by Water Agency 

Maximum 
Deviation 

Characteristic Austin Corpus SAWS Total from Mean 

Number of Homes Returning Surveys 1,022 1,079 1,103 3,204 

Tax Information: 

Property Value (1997 average) $76,556 $73,020 $75,781 $75,098 2.8% 

Lot Size (average ft2} 8,278 8,071 8,304 8,217 1.8% 

House Size (average ft2) 1,518 1,510 1,536 1,521 0.9% 

Year Home Built 1967 1969 1968 1968 

Fixtures and Landscape: 

Swimming Pool 5% 5% 8% 6% 2% 

Ultra Low Flush Toilets 42% 32% 37% 37% 5% 

Low Flow Showerheads 50% 50% 46% 48% 2% 

St. Augustine Grass 50% 66% 57% 58% 9% 

In-Ground Irrigation with Timer 10% 9% 15% 12% 4% 

Hose-Based Irrigation System 86% 88% 79% 84% 5% 

Socio-Demographics: 

Occupants per Home (average) 2.71 2.83 2.74 2.76 2% 

White 64% 67% 63% 65% 2% 

Hispanic 19% 29% 29% 26% 7% 

Black 13% 1% 5% 6% 7% 

Annual House Income (average) $47,600 $52,277 $50,854 $50,284 5% 

Occupants Own Home 87% 92% 93% 90% 4% 

Occupants Pay Water Bill 97% 99% 98% 98% 1% 

Penny Pincher Questions: 

I clip and use discount coupons for 
groceries 66% 69% 74% 70% 4% 

I pay attention to changes in gasoline 
prices 83% 84% 83% 83% 1% 

I have and use a monthly budget for 
utilities 48% 50% 53% 50% 2% 

I try to keep my water bill as low as 
possible 77% 76% 82% 78% 4% 
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Table 2-4 (cont.) 
Aggregate Profile Characteristics by Water Agency 

Maximum 
Deviation 

Characteristic Austin Corpus SAWS Total from Mean 

Landscape Appearance Questions: 

I like my lawn and landscape to be among 
the best maintained in my neighborhood 48% 50% 49% 49% 1% 

It is important to me for my lawn and 
landscape to look as good as possible 54% 54% 56% 54% 1% 

Rugged Individual Questions: 

As long as I pay for it, I should have the 
right to use as much water as I think 
necessary 34% 34% 28% 32% 4% 

I would rather take the chance of over-
watering my lawn than not give it enough 
water 16% 14% 13% 14% 1% 

Claims about Texas facing serious water 
shortages in the future are greatly 
exaggerated 27% 29% 37% 31% 6% 

Even when there is very little rainfall, I 
water as much as I want 10% 8% 6% 8% 2% 

Importance of Conservation Questions: 

Water conservation will help residents of 
this area to have a better overall quality of 
life 73% 73% 74% 73% 1% 

Water conservation will ensure that there 
is enough water to meet my needs 72% 71% 72% 72% 1% 

Unless people start learning how to 
conserve water, there is not going to be 
enough for everybody 69% 68% 66% 68% 2% 

Water conservation will provide a better 
world for future generations 79% 79% 79% 79% 0% 

Opinion responses include those that strongly or somewhat agree with statement. 
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Regarding customers' opinions, we find the biggest deviation occurs with the statement, "Claims 
about Texas facing serious water shortages in the future are greatly exaggerated." SAWS' 
customers are more likely to agree with this statement (37%) than customers in Austin (27%) or 
Corpus Christi (28% ), although this difference is not great. 

In summary, the evidence supports the assumption that characteristics are balanced across water 
agencies for each profile. The consistency of responses to the opinion questions, in particular, is 
surprising given the heterogeneity of peoples' thought processes. Although modest differences in 
customer characteristics do exist, we believe that this sampling approach has allowed us to 
control for nonprice water factors much more accurately than could be achieved through 
multivariate statistical modeling of a heterogeneous, random sample of homes. 

2.6 WATER USE 

From each of the participating water agencies, we collected monthly water use histories for each 
sample home. The water use observations come from water meter recordings made for billing 
purposes. The historical period spanned the eight years from January 1990 through December 
1997. Water use is maintained in terms of thousand gallons (TG) per month. 

After reviewing the water use data, we undertook three steps to "clean" the data. First, we 
removed billing periods that spanned less than 25 days, which occurs when there was a change in 
home ownership and a special final meter read was made. Second, we removed monthly 
observations when water consumption was zero (i.e., home vacant). Finally, we removed the 
highest 0.5% of water use observations from each water agency. These reads are attributed to 
extraordinary events (e.g., major leaks), which can unduly affect water use averages. Overall, 
fewer than 1% of observations were removed. 

2.7 WEATHER 

Weather can be an important factor affecting water use over time and among water agencies. 
Water use increases during hot, dry periods and decreases during cool, wet times. In particular, 
weather is believed to largely influence how much water is applied to landscapes such as 
turf grass. 

To control for weather in our analysis, we analyzed the statistical relationship between water use 
and maximum temperature, evapotranspiration (ET0 ), and effective rainfall. ET 0 is the sum of 
surface evaporation and plant transpiration of a reference crop (i.e., tall fescue grass) not 
constrained by water supply. Effective rainfall is the fraction of actual rainfall that is not lost to 
runoff or does not percolate past the root zone of irrigated vegetation. The effectiveness of 
rainfall to offset ETo is dependent on soil infiltration rates, soil storage capacity, and the duration, 
frequency, and intensity of rainfall. In addition, irrigated landscape plant material, particularly 
turfgrass, is often grown under relatively high soil moisture levels. This implies that only a 
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portion of soil storage is available to absorb rain that occurs. To calculate effective rainfall we 
used a daily water balance simulation that considers daily rainfall, soil storage capacity, and 
daily ET0 as described in Appendix B. In general, effective rainfall is about a third of total 
rainfall. 

We selected a representative weather station for each water agency, as shown in Table 2-5. For 
Austin and SAWS, the airports provided the only source of complete weather data we required. 
For Corpus Christi, several stations provided sufficient information, but we selected the Corpus 
Christi airport to be consistent with Austin and SAWS. 

Table 2-5 
Weather Stations 

Water Agency Coop Number Coop Station Name 

Austin 41-0428 Austin Airport 

Corpus Christi 41-2015 Corpus Christi WSFO Airport 

SAWS 41-7945 San Antonio International Airport 

Averages of the weather parameters over the 1990-1997 period are shown in Table 2-6. They are 
close in value across agencies. Weather does vary, however, significantly over time and across 
agencies and needed to be controlled for in our analysis. 

Table 2-6 
Weather Averages 1990-97 

Parameter Austin Corpus SAWS Average 

Max Daily Temperature (°F) 79 81 80 80 

ETo (inches/year) 52 51 53 52 

Rain (inches/year) 34 31 30 32 

Effective Rain (inches/year) 12 9 9 10 

To control for impacts of weather on water use, we weather normalized the water use data using 
the following steps. First, for each water agency and for each proftle we developed statistical 
models explaining water use as a function of the weather variables. The best model tested is 

WATERa,p,t = ~~ +~z*TEMP70a.t + ~3*TEMP90a,t + ~4*ERAINa,t, (2-1) 
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average TG for agency a for profile p in month t 
op over 70 up to 90 for agency a in month t 
op over 90 for agency a in month t 
effective rainfall for agency a in month t 
ordinary least squares regression coefficients. 

The second step was to subtract out the impacts of nonnormal weather deviations from water use 
using the model results in the equation below. 

where: 

NW ATERa,p,t = WATERa,p,t -~z*(TEMP70a,t- NTEMP70t)­

~3*(TEMP90a,t- NTEMP90.)- ~4*(ERA1Na.t- NERAlNt), 

= weather normalized TG for agency a for profile p in month t 
= 1990-97 average TEMP70 over all agencies in calendar month t 
= 1990-97 average TEMP90 over all agencies in calendar month t 

(2-2) 

NW ATERa,p,t 
NTEMP70t 
NTEMP90t 
NERAlNt = 1990-97 average effective rain over all agencies in calendar month t. 

The net overall impact of this adjustment was to change average water use by 2.0%, 0.2%, and 
-2.1% in Austin, Corpus Christi, and SAWS, respectively. Although these changes are not great, 
the formula did have a greater impact on observations in particular months. 

2.8 WATER AND SEWER PRICES 

We collected water and sewer price schedules for the three participating agencies. Below are 
summaries of the water and sewer rate structures used by the water agencies. 

2.8.1 Austin Water Prices 

In 1981, Austin moved from a declining block to a single price water rate structure.4 The single 
price between November 1989 and Aprill994 was $2.26ffG. In Aprill994, a four-block 
increasing rate structure as shown in Table 2-7 was adopted. 

4. Actually, Austin had a zero price for the first 2 TG used each month, which technically makes it an inclining 
block rate structure. Because the 2 TG threshold is so low, however, we believe it is more accurate to 
characterize it as a single price rate structure. 
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Table 2-7 
Austin's Water Rates 

Water Price ($fi'G) 

Block (TG/month) Nov.1994 Nov.1996 Nov.1997 

0 to 2.9 $1.25 $1.25 $1.25 

2.9 to 6.9 $2.00 $2.00 $2.00 

6.9 to 14.9 $2.50 $2.60 $2.75 

Over 14.9 $3.50 $3.80 $4.00 

Over time, the prices in the first two blocks have been held constant. By the end of 1997, the 
price in the third block had increased to $2.75 and the price in the fourth block had increased to 
$4.00. Hence, Austin has moved to a fairly significant increasing block rate structure where the 
price in the fourth block is about 3 times the price of the first. A majority of water consumption, 
however, occurs in the second block where water price has decreased. 

2.8.2 Corpus Christi Water Prices 

Corpus Christi adopted a six-block increasing rate structure in 1984. The block thresholds have 
remained the same over time with the exception that the second and third blocks were 
consolidated in April 1997. The water rate structure is shown in Table 2-8. 

Table 2-8 
Corpus Christi's Water Rates 

Water Price ($fi'G) 

Block (TG/month) Nov.1990 Jan.1994 Apr.1997 

0 to 2 $0.00 $0.000 $0.000 

2 to 6 $1.41 $1.550 $1.569 

6 to 15 $1.51 $1.663 $1.569 

15 to 30 $1.90 $2.090 $2.211 

30 to 50 $2.28 $2.505 $2.706 

Over 50 $2.71 $2.989 $3.283 
Note: Does not show rate changes effective 2/91, 8/92, 8/94, 8/95, 8/96, 1/97, or 8/97. 
Does not include raw water charge starting 1997. 
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Given that it is rare that a single family home uses over 30 TG/month, the rate structure used by 
Corpus Christi was effectively similar in structure to Austin's four-block structure. The price 
differential between the second and third blocks, however, is minimal. The water prices charged 
by Corpus tend to be lower than those charged by Austin, especially in the third and fourth 
blocks. 

2.8.3 SAWS Water Prices 

SAWS has had some form of increasing block water rate structure since at least 1980. It has had 
a four-block rate structure since 1988. Further, in 1988 SAWS adopted a seasonal differential 
where water prices are higher during the four month summer season (July 1 to October 31). The 
summer increases in prices, however, have been modest in magnitude and have tended to impact 
only the upper blocks. Table 2-9 shows water rates for SAWS. 

Table 2-9 
SAWS' Water Rates 

Water Price ($/TG) 

Block Dec.1990 Dec. 1990 Sep.1994 Sep.1994 
(TG/month) Off-Peak Peak Off-Peak Peak 

0 to 7.5 $0.594 $0.594 $0.661 $0.661 

7.5 to 12.7 $0.729 $0.802 $0.950 $1.032 

12.7 to 17.2 $0.816 $0.889 $1.178 $1.270 

Over 17.2 $1.628 $1.707 $2.473 $3.193 

Note: The block points for the December 1990 rate structure are 3.7, 7.5, and 15.0. The peak season is July 
to October. 

2.8.4 Water Rate Comparison 

Overall, relative water prices have been low in SAWS, intermediate in Corpus Christi, and 
relatively high in Austin. However, because rates differ at different water use levels and change 
over time, it is illustrative to view inflation-adjusted water prices at different consumption levels 
overtime. 

Figure 2-1 plots marginal water prices at 5 TG/month between 1988 and 1998, which is about 
the average water use of the lower income profiles. We see a clear decreasing trend in water 
price over time at this level in both Austin and SAWS. Austin's price is about 3 times that of 
SAWS. Corpus Christi's water price at 5 TG/month, in contrast, has been relatively steady over 
time. 
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Figure 2-1 
Water Prices at 5 TG/Month 
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At the 10 TG/month level, typical of the average water use of the higher wealth profiles, we see 
inflation-adjusted prices are fairly constant over this period with all agencies, as shown in 
Figure 2-2. Austin's water price is about 2.5 to 3 times that of SAWS. Corpus Christi is in the 
midrange at about $2/TG. 

Lastly, Figure 2-3 shows marginal water prices over this period at the 20 TG/month level. This 
consumption level is typically exceeded only by homes in the higher wealth profiles during the 
summer months. Up until April1994, real water prices were decreasing at all three agencies in a 
consistent and proportionate fashion. Austin's price was about 1.5 times SAWS' price and 
1.25 times Corpus Christi's price. In April 1994, Austin adopted its increasing block rate 
structure, which increased water prices by about 50% for water use above 14.9 TG/month. In 
June 1994, SAWS also increased its water prices significantly for water use above 
17.2 TG/month during both the peak and off-peak periods. This includes a brief two month 
period in 1996 (July 15 to September 15), when water price equaled $6.39/TG. 

2.8.5 Water Bill Comparison 

Differences in water prices are not the only factor that can affect customers' sensitivity to water 
price. Another factor is the level and clarity of information provided on the water bill. When 
detailed information is provided in a clear, concise fashion, customers can be expected to act 
more rationally with respect to their water purchases. In effect, a well-designed water bill lowers 
the informational costs borne by customers with respect to analyzing the financial impacts of 
their water consumption decisions. 

We collected water bills from each of the agencies (as presented in Appendix D) and make the 
following observations: 

.. All agencies charge for water service on a utility bill that includes other utility services. 
Austin includes water, wastewater, electric, solid waste, and storm water charges on its 
bill. Corpus Christi includes water, wastewater, natural gas, and solid waste charges on 
its bill. SAWS includes water, wastewater, and storm water charges. 

No agency shows the entire water rate structure on the monthly bill. Water prices are 
shown only for those rate blocks for which a customer is charged. 

SAWS' customer bills include a histogram showing water use for the previous 12 months 
for that account along with a personalized message regarding changes in water use 
patterns. For comparison purposes, it also includes the neighborhood and overall SAWS 
average residential water use for that month. In contrast, neither Austin nor Corpus 
Christi provides historical water use information on their bills. 

The first observation is important as water typically accounts for only 20 to 30% of the total 
utility bill. Hence, for those customers looking at only the overall total utility bill, the water 
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Figure 2-2 
Water Prices at 10 TG/Month 
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Figure 2-3 
Water Prices at 20 TG/Month 
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charge may become "lost" among the other charges from some customers' perspective. The 
second important point is that the SAWS bill provides a much greater level of detail regarding 
historical water use. 

2.8.6 Sewer Prices 

Homes within all three water agencies have their sewer (wastewater) charges based as a partial 
function of winter water consumption (3 months). Hence, the sewer charge can play a role in the 
economic price signal sent to customers to use water prudently. 

Figure 2-4 shows the sewer price per TG of winter water consumption in the three cities from 
1988 to 1998.5 We see that the sewer price per TG is much higher in Austin than in Corpus 
Christi and SAWS. If we are to include sewer prices as part of the overall water price signal, we 
need to multiply the sewer prices shown in Figure 2-4 by four. This is done to reflect the fact that 
saving a unit of water in the winter will reduce the sewer bill not only during the winter months 
but also for the other nine months of the year. Hence, for the three winter months the sewer price 
is quite high and for the other nine months the effective sewer price is zero.6 

Some qualifications need to be made, however, with respect to sewer price. First, because of 
differences in the fixed monthly service charge, differences in the total sewer bill may not be 
large. For example, the total sewer bill for Corpus Christi customers is typically larger than that 
for Austin customers because Corpus Christi's current fixed charge of$10.75/month is much 
higher than Austin's fixed charge of $3.25/month. In addition, because of the complexity and 
time delay involved with the calculation of the sewer bill, it is not at all clear that customers 
understand and react to the sewer bill by altering winter water consumption. We look to the mail 
survey to help guide us in this area. 

2.9 CONSERVATION PROGRAMS 

Water agency-run conservation programs can potentially affect water use trends over time. Over 
the 1990-1997 period, Austin, Corpus Christi, and SAWS conducted a number of direct 
conservation programs aimed at single family homes, other than water conservation education, as 
described below. 

5. This sewer price is for water use over 2 TG/month, except in Austin after April 1994, where it reflects water 
use over 2.9 TG/month. 

6. In Austin, sewer price is applied to water year round, but cannot exceed the winter water use level. Because 
water use in the non winter almost always exceeds winter consumption, the sewer price signal in the non winter 
months is effectively zero. 
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Figure 2-4 
Sewer Prices 
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Austin's programs consisted of providing financial incentives for installation of ultra-low flush 
toilets (ULFfs), providing free audits of indoor and outdoor water uses to customers requesting 
service, and a financial incentive program to install low watering using landscapes (xeriscape). 
Most of these programs' efforts, especially the ULFfs, took place during and after 1994. 

SAWS' direct conservation programs consisted of financial incentives for ULFfs ("Kick the 
Can") and for installing low-water-using landscapes. These conservation programs also took 
place during and after 1994. 

We believe that Corpus Christi's conservation programs are less extensive than Austin's, but 
Corpus Christi did not provide data on their programs. 

The presence of these conservation programs needed to be factored into our evaluation of the 
impacts of water prices. We make the following three observations: 

~ There is a link between water pricing and customer interest in participating in water 
conservation programs. In the relatively high water priced Austin, for example, customers 
are more interested in and receive greater financial savings for water conservation 
activities (e.g., installing a ULFf). Hence, the efficacy of conservation programs may be 
largely a function of water price. 

~ Most of the conservation programs' efforts took place during and after 1994. Hence, over 
the 1990-1993 portion of our study period, water conservation program differences 
among agencies are not likely to have a large net impact. 

These direct conservation programs affected fewer than 10% of total homes in each 
agency over the 1990-1997 period. Hence, it is likely that the total water use impact may 
not exceed a few percent. 
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CHAPTER3 
ANALYSIS OF SURVEY RESULTS ON PRICE SIGNAL 

What is the price signal perceived by water customers from increasing block rates and sewer 
charges? This chapter presents results from the mail survey addressing customers' knowledge, 
perception, sensitivity, and opinions concerning water pricing. 

3.1 MULTIPLE PRICE SIGNALS: MARGINAL OR AVERAGE PRICE? 

If water agencies sold water at a single price, the question of price signal would be an easy 
one- it would be the singular water price. When water is sold at multiple water prices, in 
contrast, we must identify the price or combination of prices to which customers respond. This 
issue is particularly relevant to this study because Austin, Corpus Christi, and SAWS all 
currently employ increasing block rate structures with four or more rate blocks. 

No consensus exists among researchers on specifying the price signal transmitted by block rates. 
Some believe that marginal price is the correct specification, while others argue for an average 
price specification. 

Economic consumer theory suggests that utility maximizing individuals with perfect information 
react to marginal price. In other words, for customers considering reducing their water 
consumption by one unit, marginal price equals the financial reward for doing so. 

Some researchers, however, question the assumption that customers facing block rates react to 
perfect price information for the following reasons: 

~ The costs of assimilating and understanding exact block pricing information may be 
unacceptable to some customers. Complicated block rate schedules, uninformative billing 
statements, and compounding sewer charges increase the costs and abilities needed to 
process relevant information. 

Customers have limited knowledge regarding the quantity of water associated with 
specific end uses. Water agencies record and bill customers for aggregate water use over 
a billing period. The water use associated with specific end uses such as toilets, washing 
machines, and outdoor irrigation is not measured. Hence, customers have little direct 
feedback on the costs associated with particular water using activities. Because water use 
fluctuates over time (e.g., changes in number of occupants, guests, or weather related 
irrigation needs), it is often difficult to isolate the water use impact associated with a 
specific action when looking at aggregated water use. 
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Marginal water price is not known at the time water use decisions are made. At the 
beginning of billing period, customers may have only a vague notion of how much water 
will be used during the period given uncertainties regarding weather, occupants, and 
leaks, among other factors. 

The water bill accounts for only a small percentage of disposable income, often less than 
1%. If water prices increased so that water bills averaged $5,000 a year instead of $300, 
customers would be much more interested in finding ways to reduce water consumption. 

As the cost of obtaining information increases (i.e., understanding the block rate structure, 
estimating water associated with end uses, forecasting probable marginal prices) and the benefit 
derived from the information is small (i.e., small relative financial impact), the incentive for the 
rational utility maximizing customer to obtain and react to perfect information decreases. In fact, 
the rational decision may be to make a quick estimate of the situation using average prices and 
uses. 

Given the heterogeneity of customers and circumstances, most assuredly there is not one single 
price specification that perfectly and universally explains customers' water use demand. Some 
well-informed customers may react to marginal prices. Others may approximate the situation and 
respond to average of prices. Still, for others, water prices may be irrelevant given current 
conditions. It is difficult to assess customers' perception of block rates on theoretical grounds. 
Hence, we devised a number of questions in the mail survey to guide us in the area of price 
specification. 

3.2 SURVEY RESULTS ON WATER PRICING 

The survey instrument included a number of questions concerning customers' knowledge, 
perception, sensitivity, and opinions concerning water pricing. There are many interesting and 
useful observations resulting from the survey regarding many subjects. Here we focus and report 
on the results most relevant to price specification. 

In general, we identified four clusters of customers, as shown in Table 3-1 and Figure 3-1. 

Detailed listings of the responses to the water pricing questions are summarized by water agency 
in Tables 3-2 and 3-3, and discussed by topic in the following sections. 

3.2.1 Price Knowledge 

Customers are generally not knowledgeable regarding the specifics of their water and sewer rate 
structures. Only 36% knew the number of water rate blocks, and only 24% were familiar with the 
block water prices. Regarding sewer service, only 38% knew that water use was based on winter 
water consumption. Even when customers were presented with the water rate schedule, only 
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Table 3-1 
General Types of Customers Regarding Water Pricing 

Pricing Sensitivity Approximate % 
and Knowledge Description of Customers 

Unconcerned and Water cost not important, does not follow historical water 25% 
Unaware use, not knowledgeable of water rate structure, unaware of 

water/sewer link 

Concerned but Water cost important, follows historical water use, not 50% 
Unaware knowledgeable of water rate structure, unaware of 

water/sewer link 

Concerned and Water cost important, follows historical water use, 18% 
Somewhat Aware somewhat knowledgeable of water rate structure and 

water/sewer link, not aware of average or marginal water 
price 

Concerned and Water cost important, follows historical water use, 7% 
Aware knowledgeable of water rate structure and water/sewer link, 

aware of average or marginal water prices 

69% agreed that they could calculate their water bill at 8 TG. Very few (21%) find the rate block 
thresholds useful in targeting their water use. 

In general, Corpus Christi customers were less knowledgeable of their rate structure. Only 
30% of Corpus Christi customers are aware of a raw water surcharge (unique to Corpus Christi). 
Overall, 56% of people responded that their water bill did a good job at explaining water rates. 
This rating was lower for Corpus Christi (42%) and significantly higher for SAWS (76%).1t is 
interesting that only 23% agreed that the block water rates are too complicated to understand. 
Lack of knowledge of their water rate structures is apparently driven largely by indifference. 

Although not knowledgeable of the specifics, most customers did report that they know water 
price increases with increasing use (68%). Customers are much more cognizant of the total dollar 
amount of the water bill (63%) than the volume of water used (38%) or the associated water 
prices (24%). 

3.2.2 Price Sensitivity 

Survey results show customers are only somewhat sensitive to water and sewer prices; 22% of 
homes report that water price rarely influences water use decisions. For most homes (53%), 
people report that they understand that if they use less water their water bill will go down, but do 
not take the time to estimate by how much. Hence, this implies that a combined 75% of people 
report that they do not incorporate the specifics of a water rate structure into their water use 
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Figure 3-1 
General Types of Customers Regarding Water Pricing 
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decisions. Only 19% of homes report that they go the extra step to guess by how much their 
water bill may decrease by a specific water-related action. Only 4% report that they actually 
make mathematical calculations based on an approximated average water price, and 3% report 
that they make decisions based on marginal water price. 

Water price sensitivity is seen to vary with type of end use. Only 56% of respondents agree that 
water price is important in decisions related to indoor use. 1 Similarly, only 50% and 62% of 
people agree water price is an important factor when selecting the area and types of plants in the 
landscape, respectively. When it comes to lawn irrigation, in contrast, 74% report water cost as 
important. 

Regarding sewer prices, only 38% of customers correctly realized the link between water 
consumption and the sewer (wastewater) bill. A full 26% of people have no idea about the 
calculation of their sewer bill, and 34% misunderstand its calculation. These results are 
supported by responses to another question, where only 48% of customers report factoring in 
sewer prices when making water use decisions. 

1. For the less wealthy people, however, 72% responded that they are sensitive to water price. This most likely 
is because the cost of water for indoor purposes comprises a relatively larger share of total disposable income. 
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Table 3-2 
Survey Responses Concerning Water Bill and Rate Structure 

% Strongly or Somewhat Agree 

Corpus 
Question Austin Christi SAWS Average 

Each month I look at the dollar amount of my bill, but not the details 
related to the water portion of the bill 38% 42% 36% 39% 

Each month, I compare my current month's water consumption to past 
months 55% 62% 78% 65% 

I (would) like my water bill to show my water use over the last 12 
months 62% 65% 75% 67% 

I (would) like my water bill to show the average water use of homes in 
my neighborhood 56% 54% 74% 61% 

I would like to learn more about how to conserve water and reduce my 
water bill 72% 67% 71% 70% 

I know the approximate dollar amount of my average monthly water 
bill in 1997 54% 61% 75% 63% 

I know the approximate dollar amount of my highest monthly water bill 
in 1997 46% 51% 65% 54% 

I know the approximate number of gallons of water my household used 
during an average month in 1997 29% 42% 42% 38% 

I know the approximate number of gallons of water my household used 
during the highest-use month in 1997 25% 37% 37% 33% 

Water cost is important to me when deciding how much water to use 
indoors (e.g., dish washing, clothes washing) 55% 56% 58% 56% 

Water cost is important to me when deciding how large our lawn 
should be 49% 46% 54% 50% 

Water cost is important to me when selecting the types of plants and 
grass to use in our landscape. 62% 57% 67% 62% 

Water cost is important to me when deciding how and when to water 
our lawn 72% 70% 78% 74% 

I take into account the cost of wastewater (sewer) service when 
deciding how much water to use 49% 47% 48% 48% 

Before today, I knew there were 4 (or 5) different prices for water 
depending on how much I use 41% 27% 42% 36% 

Before today, I knew that the price of water goes up as I use more 
water 71% 57% 77% 68% 

Before today, I was familiar with the specific water prices shown below 28% 18% 27% 24% 
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Table 3-2 (cont.) 
Survey Responses Concerning Water Bill and Rate Structure 

% Strongly or Somewhat Agree 

Corpus 
Question Austin Christi SAWS Average 

Before today, I knew that the price of water tends to increase during the 
summer months 79% 79% 

Before today, I knew there was a raw water charge between $0.25 to 
$0.35 per 1,000 gallons 30% 30% 

I can calculate my water bill for 8,000 gallons using the table below 76% 65% 67% 69% 

I use the gallons per month levels shown below to set goals about how 
much water to use 18% 21% 23% 21% 

The information on my monthly bill does a good job of explaining my 
water rates/charges 51% 42% 76% 56% 

I believe I should pay the same price for each gallon of water no matter 
how much I use 36% 36% 35% 35% 

I believe my current water rates are too complicated and are difficult to 
understand 25% 26% 19% 23% 

Note: Bolded numbers refer to significant differences. 

3.2.3 Water Bill 

Most people report (65%) that they compare their current month's water consumption to past 
months and that they want to see this information on the bill (67%). A majority also want to see 
how their water consumption compares to their neighborhood water use for the month ( 61% ). 
SAWS customers are more likely (74%) to want this type of detailed information; coincidentally, 
they are the only ones currently receiving this information on their water bills. Hence, we 
conclude that once exposed to the concept, customers like receiving the additional water use 
information. In addition, we infer that the inclusion of past water consumption on the bill will 
cause about 20% more customers to analyze their water consumption each month. 

It is clear that customers focus more on the dollar amount of the bill than the volume of water 
used: 63% of customers reported knowing the approximate dollar amount of their monthly water 
bill in 1997, and only 38% reported knowing the average number of gallons. Further, customers 
consistently reported knowing more about their average bill than their peak month bill. In 
comparing the agencies, SAWS customers knew more about the dollar amounts and gallons 
used. This is most likely a result of their more detailed water bill. A majority of customers (70%) 
want more information on ways to conserve water and reduce their water bills. This is consistent 
across all agencies and profiles. 
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Table 3-3 
Survey Responses Concerning Water Price Signal 

Corpus 
Description Austin Christi SAWS Average 

In the past, when you considered using less water to reduce your bill, which of the following statements 
comes closest to describing your thinking? 

Water price has rarely influenced my water use decisions. 18% 26% 21% 22% 

I knew that my water bill would go down if I used less water, but I 
did not take the time to estimate by how much. 56% 50% 52% 53% 

I thought about the total dollar amount of my past water bills to 
guess how much my water bill might change if I used less water. 19% 18% 20% 19% 

I thought about how many gallons of water we would probably 
save, and calculated my water bill dollar savings using an average 
per gallon water price. 4% 4% 4% 4% 

I thought about how many gallons of water we would probably 
save, and calculated my water bill dollar savings using exact per 
gallon water prices for different levels of water use. 3% 2% 3% 3% 

Which of the following best describes your current understanding of how you are charged for your 
wastewater (sewer) service? 

It does not depend on how much water we use. 7% 4% 8% 6% 

It depends on how much water we use only during the winter 
months. (Austin response 3) 44% 40% 31% 38% 

It depends on how much water we use each month. (Austin 
response 2) 9% 39% 37% 28% 

We have a septic system. We are not connected to a wastewater 
utility. 1% 0% 1% 1% 

Don't know. 39% 17% 23% 26% 

3.3 CONCLUSIONS REGARDING PRICE SIGNAL 

From the survey results, the major findings regarding price signal are as follows: 

.. Only 25% of customers report assessing the financial impacts of water use decisions 
quantitatively. Only 3% report using marginal price in their decisions. 

Customers concerned about their water bill focus on the total dollar amount. They are 
much less knowledgeable of the details of the water rate structure and its prices. 
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.. Price sensitivity is greatest with respect to outdoor irrigation. 

.. The link between winter water use and the sewer bill is not well recognized by customers. 

With respect to price signal, there is no single, perfect answer explaining how all people perceive 
block prices. However, it seems that the assumption that customers know and respond to perfect 
information regarding water pricing and use is a stretch. 

It is interesting to contrast water demand with gasoline demand. Gasoline has a measurement 
that is easily visualized (e.g., gallon), is frequently purchased for a single end use (e.g., car 
getting 20 miles per gallon), and is sold at a single, well-advertised price. Utility water is sold in 
hard-to-fathom units (e.g., thousand gallons), for consumption aggregated over many end uses 
over a month, and at multiple, often nonadvertised prices on a combined utility bill. As a 
consequence, it is logical that more respondents report being familiar with gasoline prices (83%) 
than water prices (24%). 

3.4 PRICE SPECIF1CATION ALTERNATIVES 

Ultimately, the true price signal comprises all relevant water and sewer prices along with the 
information on the water bill. When comparing water consumption among agencies, all these 
circumstances are relevant. Identifying a "single price signal" is for the convenience of water 
agencies looking to draw inferences from this study to their situation. Because all price and 
presentation circumstances cannot be duplicated, practitioners need a simpler measure for 
comparisons. Hence, we attempt to identify the best price specification because the results from 
this study are intended for a wider audience. 

In Chapter 4 we investigate the relative merits of marginal and average water prices in 
explaining observed profile water use differences. Marginal price has theoretical appeal and has 
been used in most previous water demand studies. The lack of price savvy expressed by 
customers via the survey, however, does not allow us to rule out average price as the superior 
choice. With respect to sewer prices, the survey lends suspicion of inclusion of sewer price in the 
overall price signal. Hence, our analysis is conducted with and without its presence. This results 
in four possible specifications, as shown in Table 3-4. 

The participating water agencies at times charged a zero price for the first 2 TG/month. In these 
cases we assumed marginal price equaled the second block marginal price. Hence, our marginal 
price variable was never zero. We also defined average price to equal the simple average price 
paid for all units of water above 2 TG/month. Average price did not include the fixed charge 
portion of the water bill. 
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Table 3-4 
Price Specification Alternatives 

Alternative Water Price Specification Sewer Price 

1 Marginal price Not included 

2 Average price Not included 

3 Marginal price Included 

4 Average price Included 
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CHAPTER4 
ANALYSIS OF AVERAGE HOME WATER USE BY PROFILE 

This chapter investigates a number of questions regarding how water use varies with water price. 
In this analysis, water use is averaged over all homes for a given profile, time period, and 
agency. This results in 4,320 water use observations (15 profiles x 8 years x 12 months x 
3 agencies). 

4.1 DOES WATER USE DECLINE WITH INCREASING PRICE? 

Figure 4-1 plots the overall demand curves based on average home water use and average water 
price. Separate demand curves for winter consumption (January), annual consumption, and 
summer consumption (July, August, and September) are shown. All of the demand curves are 
downward sloping. This finding is consistent with the first law of demand. The demand curves 
derived using the other alternative price specifications in Table 3-4 also exhibit this result. 

Figure 4-1 
Water Demand Curves for 1990-1997 
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To quantify the sensitivity of customers to price, we calculate price elasticities of demand. 
Table 4-1 lists arc price elasticities using the high price demand curve points from Austin and the 
low price demand curve points from SAWS as reference. Price elasticities are shown for all 
15 profiles using four different price specifications and three different periods (winter, annual, 
and summer). We believe that these price elasticities should be interpreted as long run in nature 
because the cross-sectional differences in prices have been relatively constant over many years. 

Table 4-1 results clearly show that the quantity of water demanded decreases with increasing 
price. The 15 profile composite price elasticity ranges from -0.21 to -0.36 depending on time of 
year and price specification. In looking at individual profiles, we find that 184 of the 192 price 
elasticity estimates calculated have the expected negative sign. The only exceptions occur in 
profiles 3 and 7 where winter price elasticities are zero. Zero price elasticities occur because 
average 1990-1997 winter water consumption in Austin and SAWS for these profiles was the 
same. In no case was a positive price elasticity found. 1 

Conclusion: The quantity of water demanded decreases with increasing water prices. 

4.2 Is AVERAGE PRICE OR MARGINAL PRICE THE BEST SPECIFICATION? 

One of the primary research objectives of this study is to judge whether customers tend to 
respond to average or marginal prices. The results of Table 4-1, unfortunately, do not shed much 
light on the subject. The price elasticities derived using the average price and marginal price 
assumptions are similar and within the reasonable range of expectation. If price elasticities were 
positive for one specification and negative with the other, for example, then we would favor the 
one exhibiting the expected negative elasticities. Or if price elasticities were exceptionally 
negative with one specification (e.g., more negative than -1), then we would favor the other. This 
latter case does occur with profile 15. Regarding summer water use in profile 15, the estimated 
marginal price elasticity is -1.78 and the average price elasticity is -0.54. For this profile, the 
average price specification is more plausible. No similar distinctions, however, can be made in 
looking at the other 14 profiles. 

To further investigate distinctions between average and marginal prices, we sought situations 
where we could compare profile water use between two agencies where: 

~ marginal prices are the same and average prices are different 
~ marginal prices are different and average prices are the same. 

1. We also calculated arc price elasticities for water use and prices averaged over the 1990-1993 period. This 
period had minimal differences in direct conservation programs among the agencies. The resulting price 
elasticities are very similar to those shown in Table 4-1. The composite price elasticities using the average 
water price specification, for example, are -0.21, -0.22, and -0.29 for the winter, annual, and summer time 
frames, respectively. 
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Table 4-1 
Price Elasticity of Annual Water Demand by Profile 

Alternative Price Specifications 

Marginal Water Price Average Water Price 
Marginal Water Price Average Water Price and Sewer Price and Sewer Price 

Profile Winter Annual Summer Winter Annual Summer Winter Annual Summer Winter Annual Summer 

1 -0.29 -0.24 -0.23 -0.27 -0.22 -0.20 -0.31 -0.25 -0.23 -0.31 -0.24 -0.20 

2 -0.19 -0.36 -0.61 -0.18 -0.30 -0.44 -0.20 -0.33 -0.61 -0.20 -0.31 -0.44 

3 0.00 -0.03 -0.07 0.00 -0.02 -0.06 0.00 -0.02 -0.07 0.00 -0.02 -0.06 

4 -0.31 -0.31 -0.37 -0.28 -0.26 -0.26 -0.33 -0.31 -0.37 -0.32 -0.28 -0.26 

5 -0.32 -0.18 -0.10 -0.29 -0.14 -0.06 -0.34 -0.17 -0.10 -0.34 -0.15 -0.06 

6 -0.38 -0.37 -0.46 -0.33 -0.31 -0.34 -0.37 -0.34 -0.46 -0.37 -0.32 -0.34 

7 0.00 -0.07 -0.19 0.00 -0.06 -0.14 0.00 -0.07 -0.19 0.00 -0.06 -0.14 

8 -0.21 -0.17 -0.22 -0.20 -0.14 -0.16 -0.23 -0.17 -0.22 -0.23 -0.16 -0.16 

9 -0.21 -0.17 -0.18 -0.19 -0.13 -0.12 -0.22 -0.16 -0.18 -0.22 -0.14 -0.12 

10 -0.30 -0.28 -0.43 -0.26 -0.19 -0.20 -0.30 -0.23 -0.43 -0.30 -0.20 -0.20 

11 -0.07 -0.11 -0.14 -0.06 -0.10 -0.12 -0.08 -0.11 -0.14 -0.07 -0.10 -0.12 

12 -0.21 -0.17 -0.18 -0.20 -0.15 -0.13 -0.23 -0.17 -0.18 -0.23 -0.16 -0.13 

13 -0.28 -0.46 -0.77 -0.26 -0.36 -0.46 -0.30 -0.40 -0.77 -0.30 -0.36 -0.46 

14 -0.13 -0.23 -0.31 -0.12 -0.19 -0.21 -0.14 -0.21 -0.31 -0.14 -0.19 -0.21 

15 -0.52 -0.84 -1.78 -0.43 -0.48 -0.54 -0.47 -0.59 -1.78 -0.46 -0.46 -0.54 

Composite -0.23 -0.26 -0.36 -0.21 -0.21 -0.23 -0.24 -0.24 -0.36 -0.24 -0.22 -0.23 
Notes: Shown are long-run arc elasticities of water demand between low price SAWS and high price Austin. Water use and prices are averaged over 
1990-1997 and water use is weather adjusted. Winter includes January and summer includes July, August, and September. 
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Either of these situations would allow us to focus on the price specification question. 
Unfortunately, this type of situation does not exist over the profiles, study period, and agencies 
participating in this study. 

We can, however, make use of the fact that Austin used a single (nonblock) water price until 
April1994, when it switched to an increasing four block rate structure. A useful circumstance 
with a single water price is that both average and marginal prices are the same. With the 
introduction of block rates, marginal and average prices diverge. Water use changes after the 
introduction of block rates can be analyzed to see if they are better explained by changes in 
average or marginal price. Water use, average price, and marginal price during the summer 
season for Austin are shown in Figures 4-2, 4-3, and 4-4 respectively. 

Figure 4-2 
Austin Summer Water Use over Time: 15 Profiles 

20~-------------------------------------------. 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

Table 4-2 shows the results from our pre/post block rate structure evaluation for Austin. We 
focus on situations where average price and marginal price changed in different directions with 
the inception of block rates. This occurred in the higher water using profiles, where marginal 
water price increased (tended to enter the fourth rate block) and average price decreased. In all 
other profiles, both average and marginal prices (inflation adjusted) decreased, prohibiting such 
distinctions. 
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Figure 4-3 
Average Summer Water Price over Time: Austin by Profile 
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Figure 4-4 
Summer Marginal Water Price over Time: Austin by Profile 
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Table 4-2 
Austin Water and Price Changes from Inception of Block Rates 

%Change between 1990-1993 and 1995-1997 

Profile Time of Year Water Use Marginal Price Average Price 

5 Peak 8.3% 2.1% -19.7% 

10 Peak 1.7% 8.2% -13.9% 

14 Peak 9.1% 0.3% -21.1% 

15 Peak 17.5% 16.4% -7.4% 

15 Annual 7.1% 5.7% -16.0% 

Note: Water and price observations for 1994 were not used because 1994 was the year ofthe rate structure 
change. 

The results of Table 4-2 show that in all profiles where marginal price increased, water use also 
increased- this is inconsistent with expectations. We do see, however, that average price 
decreased in each one of these cases. Decreasing average prices are consistent with the observed 
increases in water use. Hence, this evidence supports the hypothesis that average price is the 
better price signal. Apparently, customers that are presented with higher marginal prices but a 
lower total water bill are not inclined to reduce water consumption. In fact, the lower total bill 
appears to have encouraged them to increase consumption.2 

It should be noted that for the highest water using customers in Austin, the inception of block 
rates caused average price to increase significantly. Although this customer group was not 
analyzed as part of this study (not likely to be part of an identified profile), it is expected that 
their water use declined after 1994. 

Conclusion: Average price is better than marginal price in explaining the quantity of water 
demanded by a single family home. This conclusion is consistent with the general lack of 
awareness of block rates reported in the mail survey. 

Conclusion: In Austin's case, a switch from a single water price to block rates in 1994 did not 
tend to lower water consumption for the 15 customer profiles studied. An explanation for this 
finding is that average water prices (inflation adjusted) dropped within all profiles after 1994, 
even for those profiles experiencing an increase in marginal water prices. 

2. Because Austin accelerated its direct conservation programs after 1994 (ULFf rebate programs), the finding 
that water used increased after the 1994 rate structure change with these profiles is even more striking. 
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4.3 Is SEWER PRICE PART OF THE PRICE SIGNAL? 

Table 4-1 shows the price elasticity estimates for the average and marginal price specifications 
both with and without the sewer charge included as part of the price signal. Price elasticities do 
not vary much with sewer charge inclusion/exclusion. This results largely from the fact that 
sewer price differences across the agencies are similar in proportion to the water price 
differences (e.g., Austin has the highest water prices and the highest sewer prices). Hence, we 
cannot make a determination about the effects of sewer prices from this evidence. 

To further investigate the impact of sewer prices, we sought situations where we could compare 
profile water use between two agencies where: 

~ average water prices are the same and the combined average water and sewer prices are 
different 

~ average water prices are different and the combined average water and sewer prices are 
the same. 

The latter situation occurs between Corpus Christi and SAWS over the 1990-1993 period when 
the combined average winter water and sewer prices are nearly identical, but the average winter 
water price in Corpus Christi is about 70% higher. 3 If sewer price is part of the total price signal 
that customers respond to, then we would expect winter water use differences between Corpus 
and SAWS to be minimal. 

Table 4-3 shows that winter water use is much lower in Corpus Christi than in SAWS in each of 
the 15 profiles, with the composite difference over all profiles being -22%. Hence, we reject the 
specification of combined average water prices and sewer prices. The average water price 
specification (without sewer), however, does a good job of explaining the water use differences. 
In fact, the implied price elasticity using the average price specification is -0.31. This is not far 
from the -0.21 composite price elasticity estimate shown in Table 4-1. 

We explored this finding in more detail by alternatively hypothesizing that winter water use 
within a profile is impacted not by just winter prices, but by some average of prices throughout 
the year. The reasoning behind this is that for customers installing water-conserving technology 
(e.g., ultra-low flush toilets) to reduce winter (indoor) water use, the financial savings would 
accrue not only in winter, but for all months of the year. Based on this hypothesis, we compared 
winter water use differences to annual price differences. The results in Table 4-3 show that 

3. In addition, the 1990-1993 period has minimal direct conservation program differences as described in 
Section 2.9. 
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annual average water price without sewer is better in explaining the difference in water use 
between Corpus Christi and SA WS.4 

Conclusion: Customers do not tend to factor in sewer prices into their water use decisions. This 
conclusion is also supported by the survey results showing that only 38% of customers correctly 
realize the link between water consumption and the sewer bill. 

Table 4-3 
Sewer Price Signal Comparison: % Difference 
in Corpus Christi Relative to SAWS, 1990-1993 

Winter Average Winter Annual Average Annual 
Winter Water Price Plus Average Water Price Average 

Profile Water Use Sewer Price Water Price Plus Sewer Price Water Price 
1 -32% -5% 70% 6% 66% 
2 -14% -3% 71% 18% 65% 
3 -17% -4% 72% 16% 64% 
4 -20% -3% 70% 15% 63% 
5 -26% -4% 70% 13% 60% 
6 -36% -5% 67% 13% 61% 
7 -36% -4% 68% 13% 62% 
8 -22% -3% 70% 18% 62% 
9 -12% -2% 70% 18% 61% 
10 -31% -3% 66% 17% 53% 
11 -14% -2% 70% 13% 66% 
12 -6% -2% 70% 16% 64% 
13 -16% -2% 70% 21% 60% 
14 -3% -2% 71% 24% 59% 
15 -32% -3% 60% 16% 45% 

Composite -22% -3% 69% 16% 61% 
Note: The composite arc price elasticity using the winter average water price specification is -0.31 
(-22%/69%), which is only slightly more than the -0.21 composite price elasticity estimated in Table 4-1. 
The arc price elasticity using the winter average water price plus sewer price specification is 6.9 
( -22%/-3% ), which is unrealistic. 
If winter use is posed as a function of annual prices, alternatively, the composite arc price elasticity using 
annual average water price is -0.35 (-22%/61 %) and using annual average water price plus sewer price is 
-1.38 (-22%/16%). In both cases, evidence suggests customers' winter water use is best explained by 
average water price alone, without the inclusion of sewer prices. 

4. The finding that sewer prices do not help explain winter water use differences does not depend on selection 
of average or marginal water price. Winter average water prices and winter marginal water prices are almost 
identical (customers on lower rate blocks) in this case, leading to the same results and conclusion. 
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4.4 DOES THE CONTENT OF THE WATER BILL IMPACT RESULTS? 

SAWS' water bills contain detailed water use information, including a histogram of home water 
use over the previous 12 months. In contrast, neither Austin nor Corpus Christi provides 
historical water use information. 

One could postulate that the enhanced information on the SAWS water bills increases the 
awareness and understanding of its customers regarding water pricing and use by making it more 
convenient (lowering the costs) to study the price-quantity relationship. If this is true, one could 
further postulate that SAWS' informed customers are more likely to respond to marginal water 
prices than to average water prices. Informed customers are more likely to assess the financial 
impacts of water use decisions in terms of marginal prices. 

To investigate the impact of water bill content, we sought situations where we could compare 
water use between two agencies for profiles where: 

.. water prices are the same and the water bill content differs. 

Unfortunately, SAWS' water prices (both average and marginal) are much lower than those of 
either Corpus Christi or Austin. Hence, we could not analyze this situation in this study. 

Conclusion: The informational content of the water bill may affect customers' perceived price 
specification, but this hypothesis could not be tested in this study. 

4.5 DOES PRICE ELASTICITY VARY WITH HOUSE AGE 

OR HOUSEHOLD INCOME? 

Understanding the relationship between price elasticity and factors such as house age and 
household income can potentially assist water managers in assessing the expected impacts from 
alternative block rate structures in their service areas. In our analysis of house age, we find that 
price elasticity is independent of house age. Table 4-4 shows the aggregate price elasticities for 
the three groupings of house age used in this study. 

Table 4-4 
Price Elasticity and House Age 

House Age Aggregate Price Elasticity 

Pre-1960 (Profiles 1-5) -0.19 

1960 to 1979 (Profiles 6-1 0) -0.17 

1980 to 1993 (Profiles 11-14) -0.20 
Note: Price elasticity of annual water use based on the average water price specification. Profile 15 is 
not included. 
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Ignoring profile 15, we also found no correlation between price elasticity and wealth using 
ordinary least squares regression techniques. Profile 15, however, does offer evidence that price 
elasticity may be higher with the most wealthy customers. Profile 15 price elasticity is -0.48, as 
shown in Table 4-5, which is much higher than the composite profile average of -0.21. The 
puzzling aspect to this is that the price elasticities for the next highest wealthy profiles are both 
-0.19. One could conclude that the profile 15 result is some random or specific outcome unique 
to profile 15. Or, one could conclude that price elasticity takes a step jump when household 
income exceeds approximately $100,000 per year. More evidence is needed to make a 
determination. 

Table 4-5 
Price Elasticity and Wealth 

Average Reported Annual Average Tax Assessed 
Profile Price Elasticity Household Income Property Value 

1 -0.22 $22,145 $18,608 
2 -0.30 $24,300 $29,748 
6 -0.31 $26,493 $28,079 
3 -0.02 $27,255 $38,734 
7 -0.06 $33,241 $44,120 
4 -0.26 $35,915 $52,765 
11 -0.10 $38,159 $48,880 
8 -0.14 $40,803 $60,830 
12 -0.15 $48,934 $70,390 
9 -0.13 $51,123 $77,941 
5 -0.14 $53,715 $91,983 
13 -0.36 $57,027 $84,000 
10 -0.19 $72,975 $118,573 
14 -0.19 $74,434 $104,126 
15 -0.48 $110,958 $174,427 

Composite -0.21 $47,832 $69,547 
Note: Price elasticities based on annual water use and the average water price specification. Ordinary 
least squares regressions explaining price elasticity (profile 15 not included) as a function of either 
income or property value resulted in F-statistics of 0.005 and 0.009 which indicate there is no linear 
correlation. 

Conclusion: Price elasticity is not correlated with house age or wealth, at least when household 
income is less than $100,000 per year. 
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4.6 WHAT IS THE OVERALL WEIGHTED PRICE ELASTICITY 

FOR EACH AGENCY? 

Because price elasticity varies with profile, a water agency needs to assess the degree that each 
profile is representative to the mix of housing in its service area. For the three participating 
agencies, we calculated the percentage of homes falling into each one of the profile definitions 
(based on house age and tax assessed property value). Multiplying each profile percentage by the 
derived price elasticity provides an overall weighted price elasticity as shown in Table 4-6. The 
overall weighted price elasticities for Austin, Corpus Christi, and SAWS are -0.17, -0.20, and 
-0.20, respectively. The results indicate that profile weighting does not significantly change the 
overall price elasticities among agencies. This is a reasonable and predictable result given the 
lack of correlation between price elasticity and house age or property value. Given these results, 
it is unlikely that the weighted price elasticities for other similar water agencies will be much 
different. 

Table 4-6 
Price Elasticity Weighted by Water Agency 

% of Total Homes within Each Profile 

Profile Price Elasticity Austin Corpus Christi SAWS 

1 -0.22 3.9% 6.7% 9.9% 

2 -0.30 1.8% 6.4% 11.1% 

3 -0.02 6.1% 8.2% 8.2% 

4 -0.26 2.7% 8.2% 5.8% 

5 -0.14 3.3% 7.0% 5.4% 

6 -0.31 2.1% 15.0% 10.0% 

7 -0.06 16.5% 10.3% 3.9% 

8 -0.14 9.0% 6.8% 7.2% 

9 -0.13 14.9% 5.1% 6.0% 

10 -0.19 5.5% 3.9% 4.8% 

11 -0.10 5.8% 5.6% 6.9% 

12 -0.15 11.4% 5.5% 7.0% 

13 -0.36 4.4% 4.1% 4.9% 

14 -0.19 5.2% 3.7% 5.0% 

15 -0.48 7.4% 3.5% 4.0% 

Composite 
Elasticity -0.21 -0.17 -0.20 -0.20 

Note: Price elasticities based on annual water use and average water price specification. The composite 
elasticities of the agencies do not average to -0.21 because of weighting differences. 
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Conclusion: The weighted overall price elasticities for Austin, Corpus Christi, and SAWS are 
-0.17, -0.20, and -0.20, respectively. These should be interpreted as long-run elasticities. 

4. 7 DOES PRICE ELASTICITY VARY WITH PRICE LEVEL? 

The sensitivity of customers to water price may change with price level. In this study, average 
water prices vary between approximately $1ffG and $3ffG. Because this range is relatively 
narrow and because we do not have multiple intermediary price points (which would require 
more water agencies), distinctions of price elasticity within this price range cannot be made 
effectively. 

Further, readers should note that price elasticities estimated in this study are representative of 
average water prices only in the $1ffG to $3ffG range. For agencies with water prices outside 
this range, price elasticities may be different. 

Conclusion: The price elasticities reported in this study are relevant for water prices in the 
$1ffG to $3ffG range. 

4.8 ARE INCREASING BLOCK RATES EFFECTIVE IN REDUCING 

WATER CONSUMPTION? 

Increasing block rates can increase the overall marginal water prices paid by customers without 
changing the overall average price. This is done by lowering prices below average price in the 
lower blocks (which tend to be nonmarginal) and increasing prices above average price in the 
higher blocks (which tend to be marginal). Hence, if customers respond to marginal prices, then 
increasing block rates can be an effective, revenue-neutral, water conserving rate structure. 

If customers respond to average prices, not marginal prices, however, then the efficacy of 
increasing block rates to reduce water demand is greatly diminished. Average price does not 
change with changes in rate structure, given the total costs to be recovered via commodity rates 
do not change (i.e., revenue requirements constant). Increasing block rates can increase the 
average price paid by certain customers (i.e., high water use customers), but they decrease the 
average price paid by other customers (i.e., low water use customers). If price elasticity does not 
change significantly with level of water use (which is highly correlated with wealth), then the net 
impact on total water use is likely to be minimal. The results in Table 4-6 show price elasticity is 
not correlated with wealth, at least for homes with 1997 household incomes below approximately 
$100,000. 

Conclusion: For increasing block rates to be effective in reducing water consumption, customers 
need to respond to marginal water prices, not average water prices. 
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4.9 HOW CAN WATER AGENCIES IMPROVE THE EFFECTIVENESS 

OF INCREASING BLOCK RATES? 

The short answer is to get customers to respond to marginal water prices. Specific steps could 
include the following: 

,. Simplify the rate structure. Fewer than 25% of customers report understanding and 
considering the specific prices of the four to six block water rate structures employed by 
the agencies over the study period. In fact, 31% of customers report that they could not 
calculate their water bill for 8,000 gallons even when provided block thresholds and 
prices. More customers might focus on marginal prices if the rate structures were 
simplified. A two-block rate structure with significant block price differences would be 
easier for more customers to understand. Further, the second block water use threshold 
should be set low enough so that a majority of customers are impacted by the second 
block price (e.g., 8 TG/month) at some time during the year (e.g., summer). 

,. Promote knowledge of end-use water consumption. To make block rates more effective, 
customers also need to know more about the volume of water used with specific end uses. 
Ideally, perfect information would consist of customers knowing the gallons saved and 
marginal prices associated specific water use decisions (e.g., installing a ULFT or 
reducing sprinkler run times) so they could calculate dollar impacts. Although this 
information can be very difficult and expensive to develop for individual homes, water 
agencies can provide customers with typical end-use water use information from research 
studies. Such information, for example, can be occasionally provided with the water bill. 

Improve water bill information. The water bill is an important educational and 
informational source for customers regarding both prices and water consumption. 
Including the entire rate structure on each bill, not just the rate blocks factored into the 
bill, is one step. In addition, including historical water over at least the last 12 months 
may help some customers better understand their water use patterns and end uses. 
Specifically, it may help them assess the change in water use resulting from specific 
actions such as better operation of the landscape irrigation system. SAWS does provides 
such information on its current bill. 

There is no doubt that much effort would be involved in getting customers to make water use 
decisions based on perfect information. The survey reports that only 3% of customers attempt to 
make water use decisions using marginal analysis. However, customers need to better understand 
pricing for it to have an effective impact. 

Conclusion: Water agencies can improve the effectiveness of increasing block rates to reduce 
water consumption by simplifying rates, educating customers about water end uses, and 
improving the informational content of the water bill. 
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CHAPTERS 
ANALYSIS OF INDIVIDUAL HOME WATER USE BY PROFILE 

In the last chapter we analyzed water use data aggregated over all homes within a profile from 
each agency. Another approach is to analyze the water use of individual homes (disaggregated 
data). Analyzing the water use of individual homes has the potential advantage of allowing for a 
more focused and precise evaluation. It does, however, cause a number of complicated statistical 
problems. 

The primary problem regards the two-way (endogenous) relationship between water use and 
price. Based on the first law of demand, quantity of water demanded diminishes with increases in 
price. With block rates, however, water price also changes with water use. This endogenous 
relationship tends to cause estimation problems known as simultaneity bias for researchers 
comparing different individuals over the same block rate structure. 

This chapter describes our efforts to analyze individual home water use using a sophisticated 
modeling approach recommended in a recent academic journal.1 We found, unfortunately, that 
the modeling approach produced unrealistic results. We postulate a number of reasons why this 
occurred. Readers should note that is much more difficult to explain exactly why something did 
not work, than to just show the results of something that is believed to have worked. 

Nevertheless, the finding that the modeling approach did not work in this case is an important 
fmding to others investigating water price elasticity. We feel fortunate and validated that our 
research design did not rely exclusively on analyzing individual home water use observations 
from a heterogeneous random sample. Our analysis of aggregated water use, as described in 
Chapter 4, is not subject to these types of statistical problems. Hence, the water price elasticity 
results and conclusions derived from this project come from Chapter 4. 

5.1 DISCRETE/CONTINUOUS CHOICE MODEL 

A research article published in Land Economics in May 1995 described the use of a 
discrete/continuous choice model to estimate price elasticity for the residential demand for water 
under block rate pricing.2 The discrete/continuous choice model is consistent with economic 

1. The lead researcher on this segment of the project was Donald M. Waldman, Professor of Economics at the 
University of Colorado, Boulder. 

2. Hewitt, J.A. and W.M. Hanemann. 1995. "A Discrete/Continuous Choice Approach to Residential Water 
Demand Under Block Rate Pricing." Land Economics 71(2), pp. 173-192. 
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theory and has been used since 1978 in applications related to labor supply, welfare programs, 
and charitable contributions. 3 The Land Economics article was the first to illustrate how the 
discrete/continuous choice model could be applied to residential water consumption. The article 
presented case study results from a small sample of homes (121 homes) from Denton, Texas 
which showed a water price elasticity of -1.5 over the summer months (based on marginal 
prices). 

The discrete/continuous model is algebraically complicated, and difficult to estimate. Unlike the 
analysis in Chapter 4, estimation must be accomplished by searching over the set of possible 
parameter values (elasticities and other marginal effects) to find the values that maximize a 
likelihood function. This search procedure is time-intensive even for the fastest microcomputers, 
and is not guaranteed to produce results (due to algorithm failure). Since the model produces a 
nonlinear likelihood, convergence of the algorithm is not necessarily at the global optimum, so 
repeated attempts from different starting values of the parameters must be tried, and the resulting 
stopping points examined to determine whether the true maximum has been found. 

To maximize the likelihood we use the Gauss programming language. The likelihood function is 
shown in Appendix E. 

5.2 RESULTS OF THE DISCRETE/CONTINUOUS CHOICE MODEL 

Table 5-1 shows the price elasticity estimates derived from the discrete/continuous choice model 
for each of the 15 profiles identified in Chapter 2. We find that in most profiles the price 
elasticity estimate is positive, not negative as expected. This, of course, makes no sense 
economically, and in the next section we speculate on the reason for this outcome. 

5.3 PROBLEMS WITH THE DISCRETE/CONTINUOUS CHOICE MODEL 

It is difficult to pinpoint why the discrete/continuous choice model estimated unrealistic price 
elasticities. We suspect the following causes: 

.. Marginal price and perfect infonnation assumptions. The discrete/continuous choice 
model is consistent with the assumption that water customers are knowledgeable about 
block prices and volumes, and react to marginal prices. As the survey research shows 
(Chapter 3), however, customers report having very little knowledge of their block rate 
structures or volumes of water used. The discrete/continuous choice model is also 
consistent with the assumption that water customers, even if they do not know the price 
structure and/or are unable to work out the consequences of that structure for their own 

3. Burtless, G., and J.A. Hausman. 1978. "The Effect of Taxation on Labor Supply: Evaluating the Gary 
Income Maintenance Experiment." Journal of Political Economy 85, pp. 1101-1130. 
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Table 5-1 
Price Elasticity Results using Discrete/Continuous Choice Model 

Profile Price Elasticity Coefficient T-Statistic 
1 -0.0969 1.70 
2 0.0703 2.14 
3 0.0746 3.09 
4 0.086 3.17 
5 No Convergence 
6 0.058 1.88 
7 0.3447 9.16 
8 No Convergence 
9 0.115 4.83 
10 0.4769 12.11 
11 0.1827 5.74 
12 0.0597 2.33 
13 0.1193 4.88 
14 -0.0524 1.64 
15 -0.1887 15.36 

Note: Price elasticity coefficients are statistically different from zero with 95% confidence when 
T-Ratio is greater than 1.96. Hence, for 10 profiles we obtain positive price elasticities that are 
statistically significant which is unrealistic. For profiles 5 and 8 the likelihood function never 
converged. 

behavior, act as if they knew. This assumption is also not supported by the other analysis 
of this report. 

~ Temporal independence. The discrete/continuous choice model assumes water prices in 
one billing period do not affect water consumption in other periods. In reality, however, 
prices in one period may indeed affect water use in other periods. A closely related 
possibility is that consumers may be optimizing a function of water use over time. This 
would imply that their month-to-month consumption is not determined by the model 
under consideration. 

Exogenous variables. Missing variables or errors in the measurement of variables used in 
modeling can cause distortions in results. Problems with the exogenous variables that 
explain water use may be a partial reason for unrealistic results. Since there is but a single 
household survey, it had to be assumed that demographic variables remained unchanged 
over the period of water use. 
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Stochastic specifzcation. The discrete/continuous model starts with the economic theory 
of the rational consumer, which assumes knowledge of prices, and proceeds to a 
specification of hypothetical errors in judgment and optimization that produce the 
observed data on water consumption. Few if any economists would argue with the 
plausibility of the economic theory, but the specification of random influences, while 
consistent with the economic theory, is only one modeling alternative. Hence there is the 
possibility of misspecification in this step. 

We conclude that our analysis on individual home water use did not provide valid results for one 
or more of the above reasons. The ability to use a regression model to minimize simultaneity bias 
is very difficult, especially when customers face multiple rate blocks as they do in this case (four 
to six). We feel fortunate that our selected research design did not exclusively rely on this 
analysis method. 
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SURVEY QUESTIONS AND CODES 
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NOTE: 
1. NA means the question was not applicable. 
2. Response categories with an asterisk are coded responses to open-end questions. 

CASEID 

CITY 

VERSION 

Unique case identification number 

1 
2 
3 

1 
2 

Austin 
San Antonio 
Corpus Christi 

English 
Spanish 

(For San Antonio only) 

1 

The San Antonio Water System (SAWS) is interested in what its water customers think about water 
use and the water billing system. This survey is intended to help us provide the best and billing service 
possible to customers. Please remember that all your responses will be kept confidential. 

(For Austin only) 
The City of Austin is interested in what its water customers think about water use and the water billing 
system. This survey is intended to help us provide the best and billing service possible to customers. 
Please remember that all your responses will be kept confidential. 

(For Corpus Christi only) 
The City of Corpus Christi is interested in what its water customers think about water use and the 
water billing system. This survey is intended to help us provide the best and billing service possible to 
customers. Please remember that all your responses will be kept confidential. 

Section A. How Your Household Uses Water 

Ql Do you own or rent your home? (check one) 

1 Own 
2 Rent or other 
9 Missing 
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Q2 When was your home built? (check one) 

1 Before 1960 
2 Between 1960 and 1979 
3 1980 or later 
4 Don'tknow 
9 Missing 

Q3 Does your home have the following? (check all that apply) 

For Q3A to Q3E: 
0 Not checked 
1 Checked 

Q3A Swimming pool 
Q3B Jacuzzi or hot tub 
Q3C Outdoor water fountain or pond 
Q3D Ultra low flush toilets (1.6 gallons per flush) 
Q3E Low flow showerheads 

Q4 What type of grass makes up most of your lawn? (check one) 

1 No lawn 
2 Bermuda 
3 St. Augustine 
4 Buffalo 
5 Zoysia 
6 Mixed/Combination 
7 Other 
8 Don't know 
9 Missing 

QS How do you water your lawn? (check one) 

1 In-ground system with automatic timer 
2 Hose-based or other system 
3 In-ground system that is manually operated 
4 Do not have a lawn or water lawn 
9 Missing 
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Section B. Buying Habits and Attitudes 

Q6 Below are statements people might make about water cortservation, the environment, and 
water usage. Using the scale below, please tell us how strongly you agree or disagree with 
each of these statements. (Circle your answer in the space to the right of each statement.) 

Strongly Somewhat Neither Agree Somewhat Strongly 
Aeree Aeree or Disaeree Disaeree Disaeree Missine • 1 2 3 4 5 9 

Circle Number 
Q6A A s long as I can pay for it, I should have the right to use as much water as I think 

n ecessary ................................................................................ , .................................. 

like my lawn and landscape to be among the best maintained in my neighborhood ..... Q6B I 

Q6C I 

Q6D W 

would rather take the chance of over-watering my lawn than not give it enough water 

ater conservation will help residents of this area to have a better overall quality of life 

································································································································ 
Q6E C !aims about Texas facing serious water shortages in the future are greatly exaggerated 

································································································································ 
ater conservation will ensure that there is enough water to meet my needs ............... Q6F W 

Q6G E 

Q6H U 
ven when there is very little rainfall, I water as much as I want ................................ 

n1ess people start learning how to conserve water, there is not going to be enough for 
e verybody .................................................................................................................. 

ater conservation will provide a better world for future generations ......................... 

is important to me for my lawn and landscape to look as good as possible ............... 

Q61 w 

Q6J It 

---------------- Stratus Consulting 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 
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Q7 Buying habits may be related to water use. Using the scale below, please tell us how strongly 
you agree or disagree with each of the following statements about buying habits. (Circle your 
answer in the space to the right of each statement.) 

Strongly Somewhat Neither Agree Somewhat Strongly 
Agree Agree or Disagree Disagree Disagree Missing 

1 2 3 4 5 9 + 
Circle Number 

Q7A I 

Q7B I 

Q7C I 

Q7D I 

clip and use discount coupons for groceries .............................................................. 

pay attention to changes in gasoline prices ............................................................... 

have and use a monthly budget for utility expenses (water, electricity, and/or gas) 

try to keep my water bill as low as possible .............................................................. 

Section C. Your Water Bill 

Q8 Who is responsible for paying the water bill for your home? (check one box) 

1 Occupant 
2 Landlord 
3 Homeowner's Association 
9 Missing 

If you marked occupant above, proceed to Question 9. Otherwise, skip to Section E. 
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9. Please answer the following questions without looking at past water/utility bills. Below are some 
statements people have made about their water bill. Using the scale below, please tell us how 
strongly you agree or disagree with each statement. (Circle your answer in the space to the right 
of each statement.) 

Strongly Somewhat Neither Agree Somewhat Strongly 
Agree A2ree or Disagree Disagree Disagree Missing NA 

1 2 3 4 5 9 D .. 
Circle Number 

(For San Antonio only) 
Q9A Each month I look at the dollar amount of my total SAWS bill, but not the details 

related to the water portion of the bill ......................................................................... 1 2 3 4 5 9 D 

(For Austin and Corpus Christi only) 
Each month I look at the dollar amount of my total utility bill, but not the details related 
to the water portion of the bill .................................................................................... 

Q9B Each month, I compare my current month's water consumption to past months ........... 1 2 3 4 5 9 D 

(For San Antonio only) 
Q9C I like my monthly water bill to show my water use over the last 12 months ................. 1 2 3 4 5 9 D 

(For Austin and Corpus Christi only) 
I would like my monthly water bill to show my water use over the last 12 months ....... 

(For San Antonio only) 
Q9D I like my monthly water bill to show the average (typical) water use of homes in my 

neighborhood ............................................................................................................. 1 2 3 4 5 9 D 

(For Austin and Corpus Christi only) 
I would like my monthly water bill to show the average (typical) water use of homes in 
my neighborhood ....................................................................................................... 

Q9E I would like to learn more about how to conserve water and reduce my water bill ........ 1 2 3 4 5 9 D 

Q9F I know the approximate dollar amount of my average (typical) monthly water bill in 
1997 1 2 3 4 5 9 D 

Q9G I know the approximate dollar amount of my highest monthly water bill in 1997 ........ 1 2 3 4 5 9 D 

Q9H I know the approximate number of gallons of water my household used during an 
average (typical) month in 1997 ................................................................................. 1 2 3 4 5 9 D 

Q91 I know the approximate number of gallons of water my household used during the 
highest-use month of 1997 ......................................................................................... 1 2 3 4 5 9 D 
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Section D. Water Prices 

10. Using the scale below, please tell us how strongly you agree or disagree with each of the following 
statements about the importance of water cost to your household. (Circle your answer in the 
space to the right of each statement.) 

Strongly Somewhat Neither Agree Somewhat Strongly 
Agree Agree or Disagree Disagree Disagree Missing NA h 1 2 3 4 5 9 D 

QlOA W 
w 

ater cost is important to me when deciding how much water to use indoors (e.g., dish 
ashing, clothes washing, showering/bathing, toilets) ................................................. 

ater cost is important to me when deciding how large our lawn should be ................ QlOB W 

QlOC W 
ian 

ater cost is important to me when selecting the types of plants and grass to use in our 
dscape. 

QlOD W 
QlOE I 

w 

ater cost is important to me when deciding how and when to water our lawn ........... 
take into account the cost of wastewater (sewer) service when deciding how much 
ater to use ............................................................................................................... 

For the fo llowing questions, refer to the Water Price Table below: 
or San Antonio and Austin only) (F 

QlOF B 
u 

efore today, I knew there were 4 different prices for water depending on how much I 
se ............................................................................................................................ 

or Corpus Christi only) (F 
B efore today, I knew there were 5 different prices for water depending on how much I 

se ............................................................................................................................ u 
QlOG B 

QlOH B 
(F 

QlOI B 

efore today, I knew that the price of water goes up as I use more water .................... 

efore today, I was familiar with the specific water prices shown below ..................... 

or San Antonio only) 
efore today, I knew that the price of water tends to increase during the summer months 
................................................................................................................................ 

or Corpus Christi only) 
efore today, I knew there was a raw water charge between $0.25 to $0.35 per 1,000 

(F 
B 
g allons ...................................................................................................................... 

QlOJ I 
QlOK I 

u 
QlOL T 

ra 
QlOM I 

can calculate my water bill for 8,000 gallons using the table below .......................... 
use the gallons per month levels shown below to set goals about how much water to 
se ............................................................................................................................ 
he information on my monthly bill does a good job of explaining my water 
tes/charges 
believe I should pay the same price for each gallon of water no matter how much I use 

································································································································ 
QlON I believe my current water rates are too complicated and are difficult to understand .... 
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(For San Antonio onl ) 
WATER PRICE TABLE 

Currently, the price you pay for water increases as your water use increases as follows*: 
Cost per 100 Gallons: 

Number of Gallons Used Per Month: Standard 
$0.0661 
$0.0950 
$0.1178 
$0.2473 

Seasonal** 
$0.0661 
$0.1032 
$0.1178 
$0.3193 

First 7,481 gallons 
Next 5,236 gallons 
Next 4,488 gallons 
Over 17,205 gallons 

*Plus a fixed monthly meter charge of $5.13 per month for a basic meter (higher for larger meters) 
**Seasonal water rices are effective from Jul I to October 31 

(For Austin only) 
WATER PRICE TABLE 

Currently, the price you pay for water increases as your water use increases as follows*: 
Number of Gallons Used Per Month: Cost per 1,000 Gallons: 

0 to 2,900 gallons $1.25 
2,901 to 6,900 gallons $2.00 
6,901 to 14,900 gallons $2.75 
Over 14,900 gallons $4.00 

*Plus a fixed monthly meter charge of $3.90 per month for a basic meter (higher for larger meters) 

(For Corpus Christi only) 
WATER PRICE TABLE 

Currently, the price you pay for water increases as your water use increases as follows*: 
Number of Gallons Used Per Month: Cost per 1,000 Gallons: 

First 2,000 gallons $0.000 (no charge) 
Next 13,000 gallons $1.663 
Next 15,000 gallons $2.344 
Next 20,000 gallons $2.868 
Over 50,000 gallons $3.480 

7 

* A minimum fixed meter charge of $4.80 per month is added, plus a raw water charge varying between $0.25 and 
$0.35 per 1,000 gallons depending upon system water sales and total costs to acquire water. 

---------------- Stratus Consulting 
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Qll In the past, when you considered using less water to reduce your bill, which of the following 
statements comes closest to describing your thinking? (check one box) 

1 Water price has rarely influenced my water use decisions. 
2 I knew that my water bill would go down if I used less water, but I did not take the time to 

estimate by how much. 
3 I thought about the total dollar amount of my past water bills to guess how much my water 

bill might change if I used less water. 
4 I thought about how many gallons of water we would probably save, and calculated my water 

bill dollar savings using an average per gallon water price. 
5 I thought about how many gallons of water we would probably save, and calculated my water 

bill dollar savings using exact per gallon water prices for different levels of water use. 
9 Missing 
• NA 

(For San Antonio and Corpus Christi only) 
Q12 Which of the following best describes your current understanding of how you are charged for 

your wastewater (sewer) service? (check one box) 

1 It does not depend on how much water we use. 
2 It depends on how much water we use only during the winter months. 
3 It depends on how much water we use each month. 
4 We have a septic system. We are not connected to a wastewater utility. 
5 Don't know 
9 Missing 
• NA 

(For Austin only) 
Which of the following best describes your current understanding of how you are charged for 
your wastewater (sewer) service? (check one box) 

1 It does not depend on how much water we use. 
2 It depends on how much water we use only during the summer months. 
3 It depends on how much water we use each month but cannot exceed our average (typical) 

winter water use. 
4 We have a septic system. We are not connected to a wastewater utility. 
5 Don't know. 
9 Missing 
• NA 
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Section E. General Information 
These last few questions ask a little more about your household. Your answers will help us better 
understand how people use water. All your responses will be kept strictly confidential. 

Q13 Including yourself, how many people live full-time in your home now, and how many lived in 
your home full-time in July 1997? (Write the number of people in each age group. Print 
"0" for none.) 

For Q13_1A to Q13_1C and Q13_2A to Q13_2C: 
99 Missing 

Q13_1A 
Q13_1B 
Q13_1C 

Q13_2A 
Q13_2B 
Q13_2C 

Number in home now 

__ Adults ( 18 years or more) 
__ Teenagers (13 to 17) 
__ Children (under 13) 

Number in home July 1997 

__ Adults ( 18 years or more) 
__ Teenagers (13 to 17) 
__ Children (under 13) 

Q14 What is your age? 

1 18-25 
2 26-30 
3 31-40 
4 41-50 
5 51-64 
6 65 or older 
9 Missing 

QlS Are you .... ? 

1 Male 
2 Female 
9 Missing 
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Q16 Which of the following best describes your ethnic background? (check one box) 

1 American Indian 
2 Asian 
3 Black 
4 Hispanic 
5 White 

*7 Hispanic/Italian 
*8 White/Hispanic 
9 Missing 

*10 German 
*11 Italian 
*12 Jewish 
*13 Anglo 
*14 Scottish 
*15 Anglo/ Asian 

Q17 Which of the following best describes your total household income in 1997? (check one) 

1 Under $15,000 
2 $15,000 to $29,999 
3 $30,000 to $49,999 
4 $50,000 to $74,999 
5 $75,000 to $99,999 
6 Over $100,000 
9 Missing 
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(For San Antonio only) 
Please list one or two things that SAWS could do to help you to better understand the water 
billing process. 

(For Austin only) 
Please list one or two things that we could do to help you to better understand Austin's water 
billing process. 

(For Corpus Christi only) 
Please list one or two things that the water department could do to help you to better 
understand Corpus Christi's water billing process. 

Q18_A 
Ql8_B 
Q18_C 

First Response 
Second Response 
Third Response 

*0 No other response(s) 
* 1 Round gallon figures for each level of water usage 
*2 Don't estimate bill one month and raise bill next month 
*3 Water price table should be printed on bill and how to calculate 
*4 Explanation of why sewer cost is higher than water usage cost 
*5 Nothing; billing format fme, understand the way it is 
*6 Breakdown of charges, detail billing 
*7 Comparison of water usage during summer, winter months 
*8 Identify neighborhood in comparisons, city and neighborhood averages 
*9 Show amount of past water usage 
* 10 Explain various ways I can save/cost efficient measures 
* 11 Explain how to read meter 
*12 Prefer old index postcard for billing, less paper in small envelope 
* 13 Use more graphics, makes it easier to understand 
* 14 Print drought watering rule information on bill, when water should be used less 
*15 Don't have so many rates, difficult to understand 
*16 Make simpler, easier to understand, simple language 
* 17 Informational advertising on TV or radio or mail/video 
*18 Hold seminars, have speakers at homeowner's association, civic groups 
*19 Explain necessity for continuing monthly charge for basic meter 
*20 Increase size of print, too small 
*21 Explanation of services/what is water level 
*22 Want meter read accurately 
*23 Have better educated and pleasant employees handle billing 
*24 Send out a printout in Spanish/bilingual 
*25 Put information on Internet 
*26 Include a copy of billing process with each bill or every few months 

99 No comment at all 
ACCOUNT Water account number 
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ZIP 

(NOTE: In all correspondence with the water utility customers, respondents were 
told their information would be kept confidential. Since the data file contains 
personal account information, extreme care should be taken to protect the 
confidentiality of respondents. We would strongly recommend removing account 
information from the data file where possible.) 

Zip code of respondent 
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WEATHER VARIABLE+ B-2 

The net irrigation requirement (NIR) was estimated using evapotranspiration (ET
0

) calculated by 
the Blaney-Criddle method - which employs temperature and sunshine data- and effective 
precipitation. Daily values for daily temperature maximum and minimum with 24-hour 
precipitation totals were obtained from the Southern Regional Climate Center's Unified Climate 
Access Network (http://www.srcc.lsu.edu/ucan.net/listers.htrnl). Six sites had relatively complete 
data series (Table B-1). Additional general climatological information was obtained from 
U.S. Department of Agriculture (1941). 

Table B-1 
Weather Stations 

Co-op Number County Co-op Station Name 

41-7945 Bexar San Antonio International Airport 

41-1651 Nueces Chapman Ranch 

41-2015 Nueces Corpus Christi Wsfo Airport 

41-7170 Nueces Port Arkansas 

41-7677 Nueces Robstown 

41-0428 Travis Austin Airport 

The Blaney-Criddle method in its original form used the mean air temperature and the monthly 
percentage of daylight hours. In the variation utilized in this study (FA0-24), the ET0 estimates 
are further refmed by including average daytime wind speed, minimum relative humidity, and 
the ratio of possible to actual sunshine hours (Doorehbos and Pruitt, 1977). These refinements 
add considerably to the accuracy of Blaney-Criddle estimates (Jensen et al., 1990). 

The basic FA0-24 Blaney-Criddle equation is as follows: 

where: 

ETo 
a 
b 

f 
Rhmin 
niN 
T 
p 
Ud 

= grass reference ET in mm d-1 

= 0.0043 RH min- n IN- 1.41 
= ao + a,RH min+ a2n IN+ a3Ud + a,.RH min n IN+ asRH min Ud 
= p(0.46T + 8.13) 
= minimum relative humidity in percentage 
= ratio of possible to actual sunshine hours 
=mean daily air temperature in oc 
= the mean daily percent of annual daytime hours 
= daytime wind speed at 2 m height in m s·'. 
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WEATHER VARIABLE+ B-3 

The regression coefficients for aO through a5 are: 

ao = 0.82 
a]= -0.0041 

a2 = 1.07 
a3 = 0.066 
a4 = -0.006 
as = -0.0006. 

Daily precipitation was evaluated under the following series of conditions: 

IF Precipitation (P) > ET0 AND P > 2.5 mm, THEN Soil Storage (SS) = (P- ET0 ) + 
SScurrent WHILE SS < = 15 mm. 

Target soil was a loam of 150 mm depth. Maximum storage was considered to be 15 mm. 

NIR was evaluated under the following conditions: 

IF SS- ET0 < 0 THEN NJR = SS- ET0 . 

IF SS - ET0 > = 0 THEN NIR = 0. 

This method produces a daily NIR that accounts for ET0 and precipitation. When water is 

available from precipitation or soil storage, the NIR is effectively nil. When it is not, the portion 
of ET 0 not compensated for accumulates in the running total NIR. 
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Table C-1 
Profile Characteristics by Water Agency: Profile 1 

Maximum 
Absolute U.,: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 51 49 31 131 
Tax Information: 
Property Value ( 1997 average) $18,558 $18,739 $18,483 $18,608 0.7% 
Lot Size (average ft2) 6,100 6,053 5,995 6,057 1.0% 
House Size (average ft2) 778 798 803 791 1.7% 
Year Home Built 1941 1950 1942 1944 
Fixtures and Landscape: 
Swimming Pool 0% 0% 3% 1% 2% Accept 
Ultra Low Flush Toilets 55% 42% 61% 52% 10% Accept 
Low Flow Showerheads 31% 64% 48% 48% 17% Reject 
St. Augustine Grass 22% 22% 9% 19% 10% Accept 
In-ground Irrigation with timer 0% 0% 0% 0% 0% Accept 
Hose-based irrigation system 100% 97% 100% 99% 2% Accept 
Demographics 
Occupants per Home (average) 3.21 2.82 3.46 3.12 II% Accept 
White 6% 20% 13% 13% 7% Accept 
Hispanic 52% 76% 68% 65% 12% Accept 
Black 40% 4% 19% 22% 18% Reject 
Annual House Income (average) $23,207 $22,500 $19,839 $22,145 10% Accept 
Occupants Own Home 69% 83% 87% 78% 10% Accept 
Occupants Pay Water Bill 96% 96% 97% 96% I% ACC"J!! 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 77% 67% 80% 74% 7% Accept 
"I pay attention to changes in gasoline prices" 83% 82% 72% 80% 8% Accept 
"I have and use a monthly budget for utilities" 65% 72% 86% 73% 13% Accept 
"I try to keep my water bill as low as possible" 84% 85% 97% 87% 9% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 49% 49% 45% 48% 3% Accept 

"!like my lawn and landscape to be among 
the best maintained in my neighborhood" 56% 51% 38% 50% 12% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 52% 36% 47% 45% 9% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 23% 15% 14% 18% 6% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 11% 15% 4% IJ% 7% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 36% 25% 41% 33% 8% Accept 

Importance of Conservation Questions 
"Water conservation will ensure that there 

is enough water to meet my needs" 77% 83% 80% 80% 3% Accept 
"Unless people start learning how to conserve 

water, there is not going to be enough 
for everybody" 62% 71% 73% 69% 7% Accept 

"Water conservation will provide a better 
world for future generations" 77% 88% 77% 80% 7% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 69% 73% 62% 68% 6% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

H,: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

!proportions over all 3 agencies are equal. We used Chi-Squared test using 0.05 level of significance. 



Table C-2 
Profile Characteristics by Water Agency: Profile 2 

Maximum 
Absolute H,: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 48 57 67 172 
Tax Information: 
Property Value (1997 average) $30,118 $29,619 $29,594 $29,748 1.2% 
Lot Size (average ft2) 7,012 6,874 7,033 6,975 1.4% 
House Size (average ft2) 977 1,000 997 992 1.6% 
Year Home Built 1940 1950 1944 1945 
Fixtures and Landscape: 
Swimming Pool 0% 0% 1% I% I% Accept 
Ultra Low Rush Toilets 52% 42% 46% 46% 6% Accept 
Low Row Showerheads 44% 62% 43% 50% 12% Accept 
St. Augustine Grass 23% 15% 25% 21% 6% Accept 
In-ground Irrigation with timer 0% 0% 3% 1% 2% Accept 
Hose-based irrigation system 97% 100% 93% 97% 3% Accept 
~emographics 
Occupants per Home (average) 2.76 3.04 2.78 2.86 6% Accept 
~bite 16% 36% 26% 27% II% Accept 
Hispanic 48% 60% 59% 56% 8% Accept 
Black 34% 2% 12% 15% 19% Reject 
Annual House Income (average) $24,643 $26,273 $22,375 $24,300 8% Accept 
Occupants Own Home 74% 79% 88% 81% 7% Accept 
Occupants Pay Water Bill 98% 98% 97% 98% I% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 62% 79% 78% 74% 12% Accept 
"I pay attention to changes in gasoline prices" 93% 93% 85% 90% 4% Accept 
"I have and use a monthly budget for utilities" 53% 75% 75% 69% 16% Reject 
"I try to keep my water bill as low as possible" 89% 95% 92% 92% 3% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 51% 43% 56% 50% 7% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 54% 32% 48% 44% 12% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 34% 33% 22% 29% 7% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 25% II% 13% 16% 9% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 12% 9% II% II% 1% Accept 

"Claims about Texas facing serious water 
shortages in the future are _greatly exa~~erated" 19% 35% 31% 29% 10% Accept 

Importance of Conservation Questions 
"Water conservation will ensure that there 

is enough water to meet my needs" 79% 87% 79% 81% 5% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 76% 74% 74% 75% 2% Accept 

"Water conservation will provide a better 
world for future generations" 79% 89% 81% 83% 6% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 69% 78% 78% 75% 6% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

flo: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 
lm"Q1!9rtions over all 3 a•encies are eaual. We used Cbi-Sauared test usin2 0.05 level of si•nificance. 



Table C-3 
Profile Characteristics by Water Agency: Profile 3 

Maximum 
Absolute flo: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 56 65 82 203 
Tax Information: 
Property Value (1997 average) $38,376 $38,898 $38,849 $38,734 0.9% 
Lot Size (average ft2) 7,224 7,229 7,403 7,298 1.4% 
House Size (average ft2) 1,147 1,129 1,169 1,150 1.8% 
Year Home Built 1944 1950 1945 1946 
Fixtures and Landscape: 

Swimming Pool 0% 0% 0% 0% 0% Accept 
Ultra Low Hush Toilets 59% 30% 37% 40% 18% Reject 
Low How Showerheads 54% 46% 40% 46% 8% Accept 
St. Augustine Grass 20% 46% 40% 36% 17% Reject 
In-ground Irrigation with timer 0% 0% 0% 0% 0% Accept 
Hose-based irrigation system 100% 95% 99% 98% 3% Accept 

Demographics 
Occupants per Home (average) 2.72 2.92 2.65 2.75 6% Accept 

White 30% 48% 42% 41% II% Accept 
Hispanic 53% 50% 49% 50% 3% Accept 

Black 17% 2% 7% 8% 9% Reject 
Annual House Income (average) $26,250 $30,702 $25,208 $27,255 13% Accept 
Occupants Own Home 89% 83% 90% 88% 5% Accept 
Occupants Pay Water Bill 91% 100% 94% 95% 5% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 78% 76% 77% 77% 1% Accept 
"I pay attention to changes in gasoline prices" 83% 82% 85% 83% 1% Accept 
"I have and use a monthly budget for utilities" 74% 50% 62% 61% 13% Reject 
"I try to keep my water bill as low as possible" 89% 79% 85% 84% 5% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 65% 43% 57% 55% 12% Reject 

"I like my lawn and landscape to be among 
the best maintained in myneighborhood" 53% 49% 51% 51% 2% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 40% 35% 34% 36% 4% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 15% 15% 15% 15% 0% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 23% II% 9% 13% 9% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 36% 38% 39% 38% 2% Accept 

mportance of Conservation Questions 
"Water conservation will ensure that there 

is enough water to meet my needs" 74% 67% 76% 72% 5% Accept 

"Unless pecple start learning how to conserve 
water, there is not going to be enough 
for everybody" 80% 66% 72% 72% 7% Accept 

"Water conservation will provide a better 
worJd for future generations" 83% 73% 85% 80% 8% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 75% 72% 70% 72% 2% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

Ho: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

!proportions over all 3 agencies are equal. We used Chi-Squared test using 0.051evel of significance. 



TableC-4 
Profile Characteristics by Water Agency: Profile 4 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 82 90 85 257 
Tax lnfonnation: 
Property Value (1997 average) $53,626 $52,475 $52,242 $52,765 1.6% 
Lot Size (average ft2) 7,864 7,778 7,894 7,844 0.8% 
House Size (average ft2) 1,299 1,300 1,307 1,302 0.4% 
Year Home Built 1954 1950 1953 1952 
Fixtures and Landseape: 
Swimming Pool 1% 3% 1% 2% l% Accept 
Ultra Low Hush Toilets 49% 35% 33% 39% 10% Accept 
Low How Showerbeads 63% 52% 45% 53% 10% Accept 
St. Augustine Grass 52% 77% 55% 62% 15% Reject 
In-ground Irrigation with timer 3% 1% 6% 3% 3% Accept 
Hose-based irrigation system 96% 99% 87% 94% 7% Accept 
fDernographics 
Occupants per Home (average) 2.44 2.49 2.30 2.41 4% Accept 
White 79% 72% 64% 71% 7% Accept 
Hispanic 17% 25% 27% 23% 6% Accept 
Black 3% 2% 6% 4% 2% Accept 
Annual House Income (average) $35,888 $40,467 $31,122 $35,915 13% Accept 
Occupants Own Home 82% 92% 92% 89% 7% Accept 
Occupants Pay Water Bill 96% 99% 99% 98% 2% Accept 
!Penny Pincher Questions 
"I clip and use discount coupons for groceries" 67% 67% 79% 71% 8% Accept 
"I pay attention to changes in gasoline prices" 79% 87% 81% 83% 5% Accept 
"I have and use a monthly budget for utilities" 51% 63% 61% 59% 7% Accept 
"I try to keep my water bill as low as possible" 83% 86% 86% 85% 2% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 52% 62% 48% 54% 8% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 48% 52% 41% 47% 6% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 39% 39% 24% 34% 10% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 15% 13% 14% 14% 1% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 10% 5% 7% 7% 3% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 17% 25% 30% 24% 7% Accept 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 74% 76% 73% 75% 2% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 78% 67% 73% 73% 5% Accept 

"Water conservation will provide a better 
world for future generations" 88% 78% 88% 85% 6% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 74% 72% 82% 76% 6% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 
flo: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 
proportions over all 3 agencies are equal. We used Chi-Squared test using 0.05 level of significance. 



Table C-5 
Profile Characteristics by Water Agency: Profile 5 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 102 71 85 258 
Tax Infonnation: 
Property Value (1997 average) $92,203 $90,508 $93,297 $92,097 1.7% 
Lot Size (average ft2) 9,562 9,458 9,422 9,488 0.8% 
House Size (average ft2) 1,662 1,704 1,654 1,671 2.0% 
Year Home Built 1954 1950 1950 1952 
Fixtures and Landscape: 
Swimming Pool 4% 7% 6% 5% 2% Accept 
Ultra Low Flush Toilets 43% 31% 35% 37% 6% Accept 
Low Flow Showerheads 57% 53% 42% 51% 9% Accept 
St. Augustine Grass 58% 78% 63% 65% 13% Reject 
In-ground Irrigation with timer 15% 13% 16% 15% 1% Accept 
Hose-based irrigation system 81% 85% 80% 82% 3% Accept 

Demographics 
Occupants per Home (average) 2.33 2.44 2.35 2.37 3% Accept 
White 92% 82% 83% 86% 6% Accept 
Hispanic 6% 14% 11% 10% 4% Accept 
Black 0% 0% 0% 0% 0% Accept 
Annual House Income (average) $46,685 $63,694 $53,816 $53,715 19% Accept 
Occupants Own Home 90% 96% 95% 93% 3% Accept 
Occupants Pay Water Bill 99% 100% 100% 100% 1% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 73% 68% 68% 70% 3% Accept 
"I pay attention to changes in gasoline prices" 81% 79% 82% 81% 2% Accept 
"I have and use a monthly budget for utilities" 34% 39% 38% 37% 3% Accept 
"I try to keep my water bill as low as possible" 70% 73% 79% 74% 5% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 54% 61% 55% 56% 4% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 42% 56% 54% 49% 8% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 25% 19% 25% 23% 5% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 15% 10% 18% 15% 5% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 6% 4% 6% 6% 1% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 28% 23% 43% 32% 12% Reject 

Importance of Conservation Questions 
"Water conservation will ensure that there 

is enough water to meet my needs" 66% 64% 73% 68% 6% Accept 

"'Unless people start learning how to conserve 
water. there is not going to be enough 
for everybody" 57% 75% 67% 66% 9% Accept 

"Water conservation will provide a better 
world for future generations" 70% 84% 80% 78% 8% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 69% 74% 83% 75% 8% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

Ho: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

!proportions over all 3 agencies are equal. We ~sed Chi-Squared test using0.05 level of significance. 



Table C-6 
Profile Characteristics by Water Agency: Profile 6 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Coruus SAWS Total In Means Equal 
Number of Homes in Sample 57 58 51 166 
Tax Infonnation: 
Property Value (1997 average) $28,337 $28,057 $27,815 $28,079 0.9% 
Lot Size (average ft2) 6,998 6,847 6,865 6,904 1.4% 
House Size (average ft2) 919 900 919 913 1.4% 
Year Home Built 1968 1970 1969 1969 
Fixtures and Landscape: 
Swimming Pool 2% 0% 6% 2% 3% Accept 
Ultra Low Flush Toilets 53% 25% 47% 41% 16% Reject 
Low Flow Showerheads 58% 53% 57% 56% 3% Accept 
St. Augustine Grass 18% 31% 24% 24% 6% Accept 
In-ground Irrigation with timer 0% 0% 0% 0% 0% Accept 
Hose-based irrigation system 98% 100% 94% 97% 4% Accept 
Demographics 
Occupants per Home (average) 3.03 3.15 3.57 3.24 10% Accept 
White 4% 48% 20% 24% 24% Reject 
Hispanic 40% 48% 76% 54% 22% Reject 
Black 56% 0% 2% 20% 36% Reject 
Annual House Income (average) $26,409 $25,278 $27,969 $26,493 6% Accept 
Occupants Own Home 83% 69% 84% 79% 10% Accept 
Occupants Pay Water Bill 85% 100% 96% 94% 8% Reject 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 74% 79% 75% 76% 3% Accept 
"I pay attention to changes in gasoline prices" 87% 89% 88% 88% 1% Accept 
"I have and use a monthly budget for utilities" 74% 73% 68% 72% 4% Accept 
"I try to keep my water bill as low as possible" 89% 86% 86% 87% 2% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 64% 43% 60% 55% 13% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 58% 30% 52% 46% 16% Reject 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 51% 27% 35% 38% 13% Reject 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 23% 9% 9% 14% 9% Reject 

"Even when there is very little rainfall, 
I water as much as I want" 16% 4% 12% II% 7% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 48% 34% 40% 41% 7% Reject 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 75% 78% 63% 72% 9% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 61% 84% 63% 69% 15% Reject 

"Water conservation will provide a better 
world for future generations" 70% 88% 84% 80% II% Accept 

"Water conservation will help residents of this 
area to have a better overall quality oflife" 75% 82% 68% 75% 7% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

lfo: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

QrQJ1Q11ions over all 3 aoencies are equal. We used Chi-Sauared test usino 0.051evel of significance. 



Table C-7 
Profile Characteristics by Water Agency: Profile 7 

Maximum 
Absolute U.,: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 54 74 71 199 
Tax Information: 
Property Value (1997 average) $44,060 $44,161 $44,121 $44,120 0.1% 
Lot Sire (average ft2) 7,636 7,558 7,738 7,643 1.2% 
House Sire (average ft2) 1,125 1,100 1,141 1,122 1.9% 
Year Home Built 1970 1970 1965 1969 
Fixtures and Landscape: 
Swimming Pool 2% 0% 4% 2% 2% Accept 
Ultra Low Hush Toilets 50% 44% 41% 45% 5% Accept 
Low How Showerheads 46% 53% 49% 50% 3% Accept 
St. Augustine Grass 30% 52% 42% 42% 13% Accept 
In-ground Irrigation with timer 2% 0% 8% 3% 4% Reject 
Hose-based irrigation system 96% 98% 89% 94% 5% Accept 
Demographics 
Occupants per Home (average) 3.32 2.79 3.02 3.01 10% Accept 
White 33% 65% 35% 46% 19% Reject 
Hispanic 35% 28% 49% 37% 12% Reject 
Black 27% 1% 12% 12% 15% Reject 
Annual House Income (average) $30,294 $37,615 $30,923 $33,241 13% Reject 
Occupants Own Home 80% 94% 87% 88% 8% Reject 
Occupants Pay Water Bill 98% 97% 94% 96% 2% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 65% 71% 87% 75% 12% Reject 
"I pay attention to changes in gasoline prices" 78% 89% 87% 85% 7% Accept 
"I have and use a monthly budget for utilities" 61% 59% 71% 64% 7% Accept 
"I try to keep my water bill as low as possible" 90% 85% 86% 87% 4% Accept 
jAppearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 54% 42% 53% 49% 7% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 46% 39% 43% 42% 4% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 41% 38% 31% 36% 5% Accept 

"I would rather take the chance of over· 
watering my lawn than not give it enough water" 10% 10% II% 11% 1% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 14% 8% 3% 8% 6% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 39% 27% 37% 34% 7% Accept 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 87% 74% 73% 78% 9% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 71% 71% 61% 68% 6% Accept 

"Water conservation will provide a better 
world for future generations" 81% 81% 74% 79% 5% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 78% 76% 68% 74% 6% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

H,: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

!proportions over all 3 agencies are equal. We used Chi-Squared test using 0.05 level of silmificance. 



Table C-8 
Profile Characteristics hy Water Agency: Profile 8 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 77 87 90 254 
Tax Information: 
Property Value (1997 average) $60,988 $60,857 $60,669 $60,830 0.3% 
Lot Size (average ft2) 8,262 8,153 8,303 8,239 1.1% 
House Size (average ft2) 1,338 1,346 1,337 1,340 0.4% 
Year Home Built 1968 1971 1971 1970 
!Fixtures and Landscape: 
Swimming Pool 8% I% 1% 3% 5% Reject 
Ultra Low Flush Toilets 44% 31% 32% 36% 9% Accept 
Low Flow Showerheads 51% 57% 51% 53% 4% Accept 
St. Augustine Grass 57% 65% 59% 60% 5% Accept 
In-ground Irrigation with timer 5% 0% 5% 3% 3% Accept 
Hose-based irrigation system 93% 98% 90% 94% 4% Reject 
Demographics 
Occupants per Home (average) 2.66 2.56 2.64 2.62 2% Accept 
White 73% 69% 79% 74% 5% Accept 
Hispanic 9% 29% 16% 19% II% Reject 
Black 16% 0% 2% 6% 10% Reject 
Annual House Income (average) $43,587 $37,911 $41,217 $40,803 7% Accept 
Occupants Own Home 86% 94% 89% 90% 4% Accept 
Occupants Pay Water Bill 99% 94% 100% 98% 3% Rej_ect 
!Penny Pincher Questions 
"] clip and use discount coupons for groceries" 62% 76% 79% 73% II% Reject 
"I pay attention to changes in gasoline prices" 79% 86% 88% 85% 6% Accept 
"I have and use a monthly budget for utilities" 38% 60% 51% 50% 12% Reject 
"I try to keep my water bill as low as possible" 75% 80% 84% 80% 5% ACC"J't 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 46% 54% 55% 52% 6% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 42% 47% 43% 44% 3% ACC"J't 

Rugged Individual Questions 

"As long as I pay for it, I should bave the right 
to use as much water as I think necessary" 30% 29% 24% 27% 3% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 12% 14% 8% II% 3% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 8% 6% 8% 7% 1% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 31% 27% 41% 33% 8% Accept 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 76% 69% 77% 74% 5% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 73% 65% 64% 68% 6% Accept 

"Water conservation will provide a better 
world for future generations" 83% 79% 79% 80% 2% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 72% 62% 73% 69% 7% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

Ho: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

loroportions over all 3 a£encies are equal. We used Chi-Squared test using 0.05 level of significance. 



Table C-9 
Profile Characteristics by Water Agency: Profile 9 

Maximum 
Absolute U.: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 85 87 94 266 
Tax Information: 
Property Value (1997 average) $78,518 $76,728 $78,541 $77,941 1.6% 
Lot Size (average ft2) 9,032 9,068 9,075 9,059 0.3% 
House Size (average ft2) 1,618 1,659 1,628 1,635 1.5% 
Year Home Built 1970 1971 1971 1971 
Fixtures and Landscape: 
Swimming Pool 6% 7% 7% 7% 1% Accept 
Ultra Low Flush Toilets 48% 30% 34% 37% 11% Reject 
Low Flow Showerheads 61% 47% 49% 52% 9% Accept 
St. Augustine Grass 66% 83% 62% 70% 13% Reject 
In-ground Irrigation with timer 5% 11% 13% 10% 5% Accept 
Hose-based irrigation system 89% 89% 84% 87% 3% Accept 
Demographics 
Occupants per Home (average) 2.27 2.82 2.34 2.47 14% Accept 
White 81% 82% 74% 79% 5% Accept 
Hispanic 6% 18% 20% 15% 9% Reject 
Black 11% 0% 2% 4% 7% Reject 
Annual House Income (average) $48,947 $53,527 $50,864 $51,123 5% Accept 
Occupants Own Home 93% 94% 97% 95% 2% Accept 
Occupants Pay Water Bill 98% 99% 100% 99% 1% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 65% 72% 73% 70% 5% Accept 
"I pay attention to changes in gasoline prices" 80% 80% 87% 82% 4% Accept 
"I have and use a monthly budget for utilities" 39% 33% 48% 40% 8% Accept 
"I try to keep my water bill as low as possible" 68% 71% 85% 75% 10% Reject 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 56% 57% 62% 58% 3% Accept 

"!like my lawn and landscape to be among 
the best maintained in my neighborhood" 51% 59% 54% 55% 5% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 32% 28% 30% 30% 2% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 14% 13% 12% 13% 1% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 6% 13% 2% 7% 6% Reject 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 20% 31% 39% 30% 10% Reject 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 64% 69% 70% 67% 4% Accept 

"Unless people stat! learning how to conserve 
water, there is not going to be enough 
for everybody" 62% 68% 62% 64% 4% Accept 

"Water conservation will provide a better 
world for future generations" 77% 76% 72% 75% 3% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 69% 75% 72% 72% 3% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

Ho: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

lorooortions over all 3 agencies are equal. We used Chi-SQuared test using 0.05 level of significance. 



Table C-10 
Profile Characteristics by Water Agency: Profile 10 

Maximwn 
Absolute U.: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 97 86 105 288 
Tax Information: 
Property Value (1997 average) $119,714 $116,633 $119,109 $118,573 1.6% 
Lot Size (average ft2) 10,705 10,745 10,826 10,761 0.6% 
House Size (average f\2) 2,098 2,129 2,142 2,123 1.2% 
Year Home Built 1972 1971 1974 1972 
Fixtures and Landscape: 
Swimming Pool 18% 6% 24% 16% 10% Reject 
Ultra Low Flush Toilets 34% 27% 34% 32% 5% Accept 
Low Flow Showerheads 39% 39% 42% 40% 2% Accept 
St. Augustine Grass 67% 86% 84% 79% 12% Reject 
In-ground Irrigation with timer 25% 18% 34% 26% 8% Reject 
Hose-based irrigation system 68% 73% 57% 66% 9% Reject 
Demographics 
Occupants per Home (average) 2.41 2.46 2.59 2.49 4% Accept 
~bite 93% 88% 90% 90% 3% Accept 
Hispanic 5% II% 8% 8% 3% Accept 
Black I% 0% 0% 0% 1% Accept 
Annual House Income (average) $65,213 $73,288 $79,890 $72,975 11% Reject 
Occupants Own Home 93% 99% 99% 97% 4% Reject 
Occupants Pay Water Bill 99% 99% 100% 99% 1% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 66% 68% 72% 69% 4% Accept 
"1 pay attention to changes in gasoline prices" 85% 79% 83% 82% 3% Accept 
"I have and use a monthly budget for utilities" 42% 31% 34% 36% 6% Accept 
"I try to keep my water bill as low as possible" 80% 65% 81% 76% 11% Reiect 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 48% 69% 61% 59% 11% Reject 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 41% 62% 48% 50% 12% Reject 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 27% 33% 24% 28% 5% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 19% 23% 16% 19% 4% Accept 

"Even when there is very littie rainfall, 
I water as much as I want" 10% 12% 3% 8% 5% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 26% 35% 44% 35% 9% Reject 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 66% 67% 67% 67% 1% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 68% 69% 60% 66% 6% Accept 

"Water conservation will provide a better 
world for future generations" 79% 79% 78% 79% 1% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 74% 75% 66% 72% 5% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

flo: refers to the "null hypothesis" to be statistically tested. In this instance. the null hypothesis is that mean proportions over a11 3 
agencies are equal. We used Chi-Squared test using 0.05 level of significance. 



Table C-11 
Profile Characteristics by Water Agency: Profile 11 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 41 41 44 126 
Tax Infonnation: 
Property Value ( 1997 average) $49,453 $48,806 $48,286 $48,835 1.3% 
~t Sire (average ft2) 6,173 5,971 6,121 6,089 1.9% 
House Sire (average ft2) 1,072 1,088 1,073 1,078 0.9% 
Year Home Built 1982 1983 1985 1983 
Fixtures and Landscape: 
Swimming Pool 2% 0% 7% 3% 4% Accept 
Ultra Low Aush Toilets 39% 22% 43% 35% 13% Accept 
~U>w Aow Showerheads 39% 49% 41% 43% 6% Accept 
St. Augustine Grass 22% 47% 26% 31% 15% Accept 
In-ground Irrigation with timer 0% 0% 0% 0% 0% Accept 
Hose-based irrigation system 100% 100% 100% 100% 0% Accept 
Demographics 
Occupants per Home (average) 3.20 3.20 3.20 3.20 0% Accept 

~bite 39% 44% 33% 38% 6% Accept 

Hispanic 37% 38% 51% 42% 9% Accept 
Black 22% 3% 14% 13% 10% Reject 
Annual House Income (average) $34,695 $44,813 $35,188 $38,159 17% Accept 
Occupants Own Home 88% 88% 89% 88% 1% Accept 
Occupants Pay Water Bill 98% 100% 93% 97% 4% Acceot 
Penny Pincber Questions 
"I clip and use discount coupons for groceries" 46% 56% 67% 57% II% Accept 
"I pay attention to changes in gasoline prices" 85% 78% 91% 85% 7% Accept 
"I have and use a monthly budget for utilities" 44% 44% 72% 54% 18% Reject 
"I try to keep my water bill as low as oossible" 78% 63% 82% 75% 11% Acceot 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 25% 37% 56% 40% 16% Reject 

"I like my lawn and landscape to be among 
the best maintained in my nei£hborhood" 28% 41% 58% 43% 15% Reiect 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 38% 40% 26% 34% 9% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 10% 10% 7% 9% 2% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 3% 5% 2% 3% 2% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 25% 32% 29% 28% 3% Accept 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 73% 66% 79% 73% 7% Accept 

"Unless people start learning how to conserve 
water. there is not going to be enough 
for everybody" 76% 61% 79% 72% 11% Accept 

"Water conservation will provide a better 
world for future generations" 80% 70% 79% 76% 6% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 70% 63% 64% 66% 4% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

flo: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

!proportions over all 3 agencies are equal. We used Chi-Squared test using 0.05 level of significance. 



Table C-12 
Profile Characteristics by Water Agency: Profile 12 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 52 74 70 196 
Tax Infonnation: 
Property Value ( 1997 average) $71,914 $70,103 $69,893 $70,508 2.0% 
Lot Size (average ft2) 6,859 6,734 6,817 6,797 0.9% 
House Size (average ft2) 1,335 1,362 1,380 1,361 1.9% 
Year Home Built 1982 1983 1984 1983 
Fixtures and Landscape: 
Swimming Pool 0% 4% 0% 2% 3% Accept 
Ultra Low Flush Toilets 17% 26% 35% 27% 10% Accept 
Low Flow Showerheads 46% 54% 39% 47% 8% Accept 
St. Augustine Grass 56% 72% 66% 65% 10% Accept 
In-ground Irrigation with timer 4% 4% 7% 5% 2% Accept 
Hose-based irrigation system 96% 90% 90% 91% 4% Accept 
Demographics 
Occupants per Home (average) 2.67 3.03 2.85 2.87 7% Accept 
~hite 76% 70% 64% 69% 7% Accept 
Hispanic 6% 23% 24% 19% 13% Reject 
Black 10% 3% 6% 6% 4% Accept 
Annual House Income (average) $50,150 $47,222 $49,841 $48,934 3% Accept 
Occupants Own Home 90% 93% 90% 91% 2% Accept 
Occupants Pay Water Bill 98% 99% 99% 98% 0% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 69% 60% 77% 69% 8% Accept 
"I pay attention to changes in gasoline prices" 87% 86% 74% 82% 8% Accept 
"I have and use a monthly budget for utilities" 50% 50% 54% 51% 2% Accept 
"I try to keep my water bill as low as possible" 85% 73% 80% 78% 6% Accept 

!Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 65% 55% 45% 54% II% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 62% 55% 43% 53% 9% Accept 

!Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 31% 37% 26% 31% 5% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 12% 14% 12% 13% 2% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 8% 10% 7% 8% 1% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 29% 35% 25% 30% 5% Ac""Q( 

Importance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 75% 66% 74% 71% 5% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 76% 73% 71% 73% 3% Accept 

"Water conservation will provide a better 
world for future generations" 84% 82% 83% 83% 1% Accept 

"Water conservation will help residents of this 
area to have a better overall quality oflife" 75% 68% 75% 73% 5% Ace~ 

Attitudinal results include strongly agree and somewhat agree responses. 

Ho: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

orooortions over all 3 aeencies are ooual. We used Chi-Squared test using 0.05 level of significance. 



Table C-13 
Profile Characteristics by Water Agency: Profile 13 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Samole 71 75 63 209 
Tax Information: 
Property Value (1997 average) $84,410 $84,131 $83,381 $84,000 0.7% 
Lot Size (average ft2) 7,269 7,295 7,275 7,280 0.2% 
House Size (average ft2) 1,595 1,605 1,598 1,600 0.4% 
Year Home Built 1982 1984 1985 1984 
Fixtures and Landscape: 
Swimming Pool 0% 5% 10% 5% 5% Reject 
Ultra Low Hush Toilets 35% 27% 29% 30% 5% Accept 
Low A ow Showerheads 54% 42% 49% 48% 6% Accept 
St. Augustine Grass 52% 73% 68% 64% 13% Reject 
In-ground Irrigation with timer 6% 4% 7% 6% 1% Accept 
Hose-based irrigation system 92% 92% 89% 91% 2% ACCOjlt 
Demographics 

Occupants per Home (average) 2.78 3.18 2.93 2.97 7% Accept 
White 71% 68% 74% 71% 3% Accept 
Hispanic 19% 28% 23% 23% 5% Accept 
Black 3% I% 2% 2% 1% Accept 
Annual House Income (average) $47,692 $60,846 $63,000 $57,027 16% Accept 
Occupants Own Home 86% 99% 95% 93% 7% Reject 
loccuoants Pay Water Bill 99% 100% 100% 100% I% Accept 
!Penny Pincher Questions 
"I clip and use discount coupons for groceries" 63% 73% 70% 69% 5% Accept 
"I pay attention to changes in gasoline prices" 90% 85% 81% 86% 5% Accept 
"I have and use a monthly budget for utilities" 47% 45% 56% 49% 7% Accept 
"I try to keep my water bill as low as possible" 73% 65% 76% 71% 6% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 55% 41% 57% 50% 10% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 50% 48% 54% 50% 3% Acct:pt 

jRugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 39% 35% 29% 34% 6% Accept 

"I wouJd rather take the chance of over-
watering my lawn than not give it enough water" 13% 16% 14% 14% 2% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 7% 9% 6% 8% 2% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 23% 16% 32% 23% 9% Accept 

mportance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 73% 65% 73% 70% 5% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 68% 64% 63% 65% 3% Accept 

"Water conservation will provide a better 
world for future generations" 86% 72% 76% 78% 8% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 72% 69% 78% 73% 5% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

Ho: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean 

loroportions over all 3 agencies are equal. We used Chi-Squared test using 0.05 level of significance. 



Table C-14 
Profile Characteristics by Water Agency: Profile 14 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 73 90 78 241 
Tax Information: 
Propeny Value (1997 average) $104,817 $103,206 $104,540 $104,126 0.9% 
Lot Size (average ft2) 8,232 8,088 8,216 8,173 1.0% 
House Size (average ft2) 1,991 1,979 1,995 1,988 0.4% 
Year Home Built 1983 1985 1985 1984 
Fixtures and Landscape: 
Swimming Pool 5% 9% 6% 7% 2% Accept 
Ultra Low Flush Toilets 23% 21% 35% 26% 9% Accept 
Low Flow Showerheads 41% 43% 46% 43% 3% Accept 
St. Augustine Grass 57% 80% 62% 67% 13% Reject 
In-ground Irrigation with timer 7% 15% 23% 15% 8% Reject 
Hose-based irrigation system 90% 82% 65% 79% 13% Reject 
Demographics 
Occupants per Home (average) 2.85 2.89 2.75 2.83 3% Accept 
White 83% 79% 83% 81% 3% Accept 
Hispanic 7% 16% 13% 12% 5% Accept 
Black 3% 3% 0% 2% 2% Accept 
Annual House Income (average) $66,324 $80,523 $75,000 $74,434 II% Reject 
Occupants Own Home 88% 99% 95% 94% 6% Reject 
Occupants Pay Water Bill 97% 99% 99% 98% 1% Accept 
Penny Pincher Questions 
"I clip and use discount coupons for groceries" 62% 59% 69% 63% 6% Accept 
"I pay attention to changes in gasoline prices" 81% 85% 79% 82% 3% Accept 
"I have and use a monthly budget for utilities 47% 40% 42% 43% 4% Accept 
"I try to keep my water bill as low as possible" 64% 77% 78% 74% 9% Accept 
Appearance Questions 

"It is imponant to me for my lawn and 
landscape to look as good as possible" 62% 61% 54% 59% 5% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 52% 53% 4I% 49% 8% Accept 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 21% 34% 28% 28% 7% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 15% 14% 15% 15% 0% Accept 

"Even when there is very little rainfall, 
I water as much as I want" II% 7% 0% 6% 6% Reject 

"Claims about Texas facing serious water 
shonages in the future are greatly exa~~erated" 12% 27% 40% 27% 14% Reiect 

Importance of Conservation Questions 
"Water conservation will ensure that there 

is enough water to meet my needs" 66% 71% 65% 67% 4% Accept 

"Unless people stan learning how to conserve 
water, there is not going to be enough 
for everybody" 78% 57% 62% 65% 13% Reject 

"Water conservation will provide a better 
world for future generations" 78% 77% 74% 76% 2% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 73% 78% 74% 75% 3% Accept 

Attitudinal results include strongly agree and ;orne what agree responses. 

H0: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean proponions over all 

3 a•encies are eoual. We used Chi-Sauared test usin• 0.05 level of si2nificance. 



Table C-15 
Profile Characteristics by Water Agency: Profile 15 

Maximum 
Absolute Ho: 
Deviation Means 

Characteristic Austin Corpus SAWS Total In Means Equal 
Number of Homes in Sample 76 75 87 238 
Tax Information: 
Property Value (1997 average) $177,734 $170,959 $174,126 $174,280 2.0% 
Lot Size (average ft2) 10,618 10,431 10,823 10,634 1.9% 
House Size (average ft2) 2,571 2,665 2,623 2,620 1.9% 
Year Home Built 1987 1988 1988 1988 
Fixtures and Landscape: 
Swimming Pool 16% 18% 25% 20% 5% Accept 
Ultra Low Flush Toilets 38% 42% 34% 38% 4% Accept 
Low Flow Showerheads 45% 46% 49% 47% 3% Accept 
St. Augustine Grass 72% 82% 77% 77% 5% Accept 
In-ground Irrigation with timer 49% 50% 70% 57% 13% Reject 
Hose-based irrigation system 42% 38% 17% 32% 14% Reject 
Demographics 
Occupants per Home (average) 3.03 3.08 3.02 3.04 1% Accept 
White 88% 90% 93% 90% 2% Accept 
Hispanic 1% 9% 8% 6% 5% Accept 
Black 3% 0% 0% 1% 2% Accept 
Annual House Income (average) $ll2,581 $110,159 $110,230 $110,958 1% Accept 
Occupants Own Home %% 99% 99% 98% 2% Accept 
Occupants Pay Water Bill 100% 100% 100% 100% 0% Accept 
Penny Pincber Questions 
"I clip and use discount coupons for groceries" 61% 63% 67% 63% 3% Accept 
"I pay attention to changes in gasoline prices" 80% 84% 82% 82% 2% Accept 
"I have and use a monthly budget for utilities" 39% 35% 28% 34% 6% Accept 
"I try to keep my water bill as low as possible" 53% 59% 69% 61% 8% Accept 
Appearance Questions 

"It is important to me for my lawn and 
landscape to look as good as possible" 53% 65% 62% 60% 7% Accept 

"I like my lawn and landscape to be among 
the best maintained in my neighborhood" 43% 64% 60% 56% 12% Reject 

Rugged Individual Questions 

"As long as I pay for it, I should have the right 
to use as much water as I think necessary" 28% 43% 32% 34% 9% Accept 

"I would rather take the chance of over-
watering my lawn than not give it enough water" 14% 24% 17% 19% 6% Accept 

"Even when there is very little rainfall, 
I water as much as I want" 9% 9% 5% 8% 3% Accept 

"Claims about Texas facing serious water 
shortages in the future are greatly exaggerated" 26% 23% 33% 28% 6% Accept 

mportance of Conservation Questions 

"Water conservation will ensure that there 
is enough water to meet my needs" 68% 65% 69% 68% 2% Accept 

"Unless people start learning how to conserve 
water, there is not going to be enough 
for everybody" 64% 60% 63% 63% 3% Accept 

"Water conservation will provide a better 
world for future generations" 72% 72% 77% 74% 3% Accept 

"Water conservation will help residents of this 
area to have a better overall quality of life" 75% 73% 80% 76% 4% Accept 

Attitudinal results include strongly agree and somewhat agree responses. 

Ho: refers to the "null hypothesis" to be statistically tested. In this instance, the null hypothesis is that mean proportions over 

all3 agencies are equal. We used Chi-Squared test usin• 0.05 level of silmificance. 



Table C-16. Austin Profile Characteristics 
Proftle 

Characte~stlc 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Number of Homes Retumlno SuNevs 51 48 56 82 102 57 54 77 85 97 41 52 71 73 76 
ax lnforrnaflon: 

Property Value (1997 overage) $18,558 $30.118 $38.376 $53.626 $92,203 $28.337 $44,060 $60,988 $78,518 $119,714 $49,453 $71.914 $84.410 $104,817 $177.734 
Lot Size (overage 112) 6,100 7.012 7.224 7.864 9.562 6.998 7,636 8.262 9,032 10,705 6,173 6.859 7,269 8.232 10,618 
House Size (overage 112) 778 977 1.147 1.299 1.662 919 1.125 1.338 1.618 2,098 1.072 1.335 1.595 1.991 2.571 
Year Home Built 1941 1940 1944 1954 1954 1968 1970 1968 1970 1972 1982 1982 1982 1983 1987 
Fixtures and Landscape: 
SWimming Pool 0% 0% 0% 1% 4% 2% 2% 8% 6% 18% 2% 0% 0% 5% 16% 
Ultra Low Flush Toilets 55% 52% 59% 49% 43% 53% 50% 44% 48% 34% 39% 17% 35% 23% 38% 
Low Flow Showerheods 31% 44% 54% 63% 57% 58% 46% 51% 61% 39% 39% 46% 54% 41% 45% 
fst· Augustine Gross 22% 23% 20% 52% 58% 18% 30% 57% 66% 67% 22% 56% 52% 57% 72% 
In-ground lrrlgoflon with flmer 0% 0% 0% 3% 15% 0% 2% 5% 5% 25% 0% 4% 6% 7% 49% 
Hose-based lrrlooflon svstem 100% 97% 100% 96% 81% 98% 96% 93% 89% 68% 100% 96% 92% 90% 42% 
~Ia-Demographics: 
Occupants per Home (overage) 3.21 2.76 2.72 2.44 2.33 3.03 3.32 2.66 2.27 2.41 3.20 2.67 2.78 2.85 3.03 
White 6% 16% 30% 79% 92% 4% 33% 73% 81% 93% 39% 76% 71% 83% 88% 
Hispanic 52% 48% 53% 17% 6% 40% 35% 9% 6% 5% 37% 6% 19% 7% 1% 
Block 40% 34% 17% 3% 0% 56% 27% 16% 11% 1% 22% 10% 3% 3% 3% 
ft>,nnuol House Income (overage) $23,207 $24.643 $26.250 $35.888 $46,685 $26.409 $30,294 $43.587 $48,947 $65,213 $34,695 $50,150 $47,692 $66,324 $112.581 
Occupants Own Home 69% 74% 89% 82% 90% 83% 80% 86% 93% 93% 88% 90% 86% 88% 96% 
Occupants Pay Water Bill 96% 98% 91% 96% 99% 85% 98% 99% 98% 99% 98% 98% 99% 97% 100% 
Penny Plncher Questions: 
1 clip and use discount coupons fOf groceries 77% 62% 78% 67% 73% 74% 65% 62% 65% 66% 46% 69% 63% 62% 61% 
I pay ottenHon to changes In gasoline prices 83% 93% 83% 79% 81% 87% 78% 79% 80% 85% 85% 87% 90% 81% 80% 
I hove and use o monthly budget for uHIItles 65% 53% 74% 51% 34% 74% 61% 38% 39% 42% 44% 50% 47% 47% 39% 
I try to keep my water bill as low as possible 84% 89% 89% 83% 70% 89% 90% 75% 68% 80% 78% 85% 73% 64% 53% 
Landscape Appearance Questions: 
I like my lawn and londscq:>e to be among the best 
maintained In my neighborhood 49% 51% 65% 52% 54% 64% 54% 46% 56% 48% 25% 65% 55% 62% 53% 
It ls Important to me fOf my lawn and landscape to look 
oscoodosoosslble 56% 54% 53% 48% 42% 58% 46% 42% 51% 41% 28% 62% 50% 52% 43% 
Rugged lndMdual Quesllons: 
!As iong as 1 pay for It, 1 should have the right to use as 

52% 34% 40% 39% 25% 51% 41% 30% 32% 27% 38% 31% 39% 21% 28\1 much water as I think necessary 
I would rather toke the chance of over-watering my 
lawn than not give It enough water 23% 25% 15% 15% 15% 23% 10% 12% 14% 19% 10% 12% 13% 15% 14% 
Claims about Texas facing serious water shortages in the 

9\1 ~ture ore greatty exaggerated 11% 12% 23% 10% 6% 16% 14% 8% 6% 10% 3% 8% 7% 11% 
Even when there Is very little rainfall. I water as much as I 
wont 36% 19% 36% 17% 28% 48% 39% 31% 20% 26% 25% 29% 23% 12% 26% 
Importance of Conservation Questions: 
Water conservation will help residents of this area to 
hove a better overall quality of 1/fe 77% 79% 74% 74% 66% 75% 87% 76% 64% 66% 73% 75% 73% 66% 68\1 
Water conservation will ensure that there Is enough 
twoter to meet my needs 62% 76% 80% 78% 57% 61% 71% 73% 62% 68% 76% 76% 68% 78% 64\1 
Unless people start leomlng how to conserve water. 
here Is not going to be enough for everybody 77% 79% 83% 88% 70% 70% 81% 83% 77% 79% 80% 84% 86% 78% 72% 

!water conservation will provide a better world for future 
iaeneratlons 69% 69% 75% 74% 69% 75% 78% 72% 69% 74% 70% 75% 72% 73% 75% 
Opinion responses include those that strongly or somewhat agree with statement. 



Table C-17. Corpus ChrisH Profile CharacterlsHcs 
PIOIIIe 

Characte~stlc I 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 
Number of Homes Retumlng Surv!l}'S 49 57 65 90 71 58 74 87 87 86 41 74 75 90 75 
ax lnlonnatlon: 

Property Value (1997 overage) $18.739 $29.619 $38,898 $52.475 $90.508 $28.057 $44.161 $60.857 $76.728 $116.633 $48.806 $70.103 $84.131 $103,206 $170.959 
Lot Size (overage 112) 6.053 6.874 7,229 7.778 9.458 6.847 7.558 8,153 9.068 10.745 5.971 6.734 7.295 8.088 10.431 
House Size (overage 112) 798 1.000 1.129 1,300 1.704 900 1,100 1,346 1.659 2.129 1.088 1.362 1.605 1,979 2.665 
Year Home Sui~ 1950 1950 1950 1950 1950 1970 1970 1971 1971 1971 1983 1983 1984 1985 1988 
Fixtures and Londscope: 
~wlmming Pool 0% 0% 0% 3% 7% 0% 0% 1% 7% 6% 0% 4% 5% 9% 18% 
Ultra Low Flush T ollets 42% 42% 30% 35% 31% 25% 44% 31% 30% 27% 22% 26% 27% 21% 42% 
Low Flow Showerheods 64% 62% 46% 52% 53% 53% 53% 57% 47% 39% 49% 54% 42% 43% 46% 
St. Augustine Gross 22% 15% 46% 77% 78% 31% 52% 65% 83% 86% 47% 72% 73% 80% 82% 
In-ground lrrlgo~on ~ flmer 0% 0% 0% 1% 13% 0% 0% 0% 11% 18% 0% 4% 4% 15% 50% 
Hose-based Irrigation system 97% 100% 95% 99% 85% 100% 98% 98% 89% 73% 100% 90% 92% 82% 38% 
Soclo-Demogrophlcs: 
Occupants per Home (overage) 2.82 3.04 2.92 2.49 2.44 3.15 2.79 2.56 2.82 2.46 3.20 3.03 3.18 2.89 3.08 
White 20% 36% 48% 72% 82% 48% 65% 69% 82% 88% 44% 70% 68% 79% 90% 
Hispanic 76% 60% 50% 25% 14% 48% 28% 29% 18% 11% 38% 23% 28% 16% 9% 
Block 4% 2% 2% 2% 0% 0% 1% 0% 0% 0% 3% 3% 1% 3% 0% 
Annual House Income (overage) $22.500 $26,273 $30.702 $40,467 $63.694 $25.278 $37,615 $37.911 $53.527 $73.288 $44,813 $47.222 $60,846 $80.523 $110.159 
Occupants Own Home 83% 79% 83% 92% 96% 69% 94% 94% 94% 99% 88% 93% 99% 99% 99% 
Occupants Pov Water Bill 96% 98% 100% 99% 100% 100% 97% 94% 99% 99% 100% 99% 100% 99% 100% 
Penny Plncher Questions: 
1 clip and use discount coupons for groceries 67% 79% 76% 67% 68% 79% 71% 76% 72% 68% 56% 60% 73% 59% 63% 
I pay attention to changes In gasoline prices 82% 93% 82% 87% 79% 89% 89% 86% 80% 79% 78% 86% 85% 85% 84% 
I have and use a monthly budget for utilities 72% 75% 50% 63% 39% 73% 59% 60% 33% 31% 44% 50% 45% 40% 35% 
I trv to keeo mv water t>ll os low as oosslble 85% 95% 79% 86% 73% 86% 85% 80% 71% 65% 63% 73% 65% 77% 59% 
Landscape Appearance Questions: 
lllke my IOINfl and landscape to be among the best 
maintained In my neighborhood 49% 43% 43% 62% 61% 43% 42% 54% 57% 69% 37% 55% 41% 61% 65% 
It Is important to me for my lmvn and landscape to look 

64%1 osQOOdosDQS>t>e 51% 32% 49% 52% 56% 30% 39% 47% 59% 62% 41% 55% 48% 53% 
Rugged Individual Questions: 

' 
~long os I pay fOf It, I should have the right to use as 
much water as I think necessary 36% 33% 35% 39% 19% 27% 38% 29% 28% 33% 40% 37% 35% 34% 43% 
I would rather take the chance of over-watering my 
lawn than not give It enough water 15% 11% 15% 
balms about Texas fachg serious water shortages h the 

13% 10% 9% 10% 14% 13% 23% 10% 14% 16% 14% 24% 

future are greatly exaggerated 15% 9% 11% 5% 4% 4% 8% 6% 13% 12% 5% 10% 9% 7% 9'll: 
Even when there Is very tittle rainfalL I watel' os much os t 
wont 25% 35% 38% 25% 23% 34% 27% 27% 31% 35% 32% 35% 16% 27% 23% 
Importance of Conservation Ques~: 
Water conservation will help residents of this oreo to 
have a better overall quality of life 83% 87% 67% 76% 64% 78% 74% 69% 69% 67% 66% 66% 65% 71% 65% 
Water conservation will ensure that thefe Is enough 
water to meet my needs 71% 74% 66% 67% 75% 84% 71% 65% 68% 69% 61% 73% 64% 57% 6fR. 
Unless people start teaming how to conserve water, 
here Is not going to be enough for everybody 88% 89% 73% 78% 84% 88% 81% 79% 76% 79% 70% 82% 72% 77% 7'R 
~ater conservation will provide a better world f(l( future 
jgenerottons 73% 78% 72% 72% 74% 82% 76% 62% 75% 75% 63% 68% 69% 78% 73~ 
Opinion responses lncude those that strongly or somewlhot agree with statement. 

- --- -- ---- --- -- -



Table C-18. SAWS Profile Characteristics 
Proftle 

CharactertsHc 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Number of Homes Retumlng Surveys 31 67 82 85 85 51 71 90 94 105 44 70 63 78 87 
ax Information: 

Property Value (1997 average) $18.483 $29,594 $38,849 $52,242 $93,297 $27.815 $44,121 $(fJ.669 $78.541 $119.109 $48.286 $69.893 $83,381 $104.540 $174.126 
Lot Size (average ft2) 5.995 7.033 7.403 7.894 9.422 6,865 7,738 8.303 9.075 10.826 6.121 6,817 7,275 8,216 10.823 
House Size (average ft2) 803 997 1.169 1,307 1.654 919 1,141 1.337 1.628 2.142 1.073 1.380 1,598 1.995 2.623 
Year Home Built 1942 1944 1945 1953 1950 1969 1965 1971 1971 1974 1985 1984 1985 1985 1988 
FIXtures and Landscape: 
Swimming Pool 3% 1% 0% 1% 6% 6% 4% 1% 7% 24% 7% 0% 10% 6% 25% 
Ultra Low Flush Tolleb 61% 46% 37% 33% 35% 47% 41% 32% 34% 34% 43% 35% 29% 35% 34% 
Low Flow Showerheads 48% 43% 40% 45% 42% 57% 49% 51% 49% 42% 41% 39% 49% 46% 49% 
~t. Augustine Grass 9% 25% 40% 55% 63% 24% 42% 59% 62% 84% 26% 66% 68% 62% 77% 
\~round lrrlgafton with flmer 0% 3% 0% 6% 16% 0% 8% 5% 13% 34% 0% 7% 7% 23% 70% 
Hose-based lrrlaation svstem 100% 93% 99% 87% 80% 94% 89% 90% 84% 57% 100% 90% 89% 65% 17% 
~lo-Demographlcs: 
Occupanb per Home (average) 3.46 2.78 2.65 2.30 2.35 3.57 3.02 2.64 2.34 2.59 3.20 2.85 2.93 2.75 3.02 
White 13% 26% 42% 64% 83% 20% 35% 79% 74% 90% 33% 64% 74% 83% 93% 
Hispanic 68% 59% 49% 27% 11% 76% 49% 16% 20% 8% 51% 24% 23% 13% 8% 
Black 19% 12% 7% 6% 0% 2% 12% 2% 2% 0% 14% 6% 2% 0% 0% 
f""nnual House Income (average) $19.839 $22.375 $25,208 $31,122 $53.816 $27,969 $30,923 $41.217 $50.864 $79.890 $35.188 $49.841 $63.000 $75.000 $110.230 
Occupanb Own Home 87% 88% 90% 92% 95% 84% 87% 89% 97% 99% 89% 90% 95% 95% 99% 
Occuoanrn Pav Water Bill 97% 97% 94% 99% 100% 96% 94% 100% 100% 100% 93% 99% 100% 99% 100% 
Pemy Plncher Questions: 
1 cUp 01d use dlscooot coupons for goceries 80% 78% 77% 79% 68% 75% 87% 79% 73% 72% 67% 77% 70% 69% 67% 
1 pay attention to changes In gasoline prices 72% 85% 85% 81% 82% 88% 87% 88% 87% 83% 91% 74% 81% 79% 82% 
I hove and use a monthly budget for utllltleS 86% 75% 62% 61% 38% 68% 71% 51% 48% 34% 72% 54% 56% 42% 28% 

11 tryjo keeo mv water bill as lOIN as oosslble 97% 92% 85% 86% 79% 86% 86% 84% 85% 81% 82% 80% 76% 78% 69% 
Landscape Appearance Quesflons: 
I like my lawn and landscape to be among the best 
maintained in my neighborhOOd 45% 56% 57% 48% 55% 60% 53% 55% 62% 61% 56% 45% 57% 54% 62% 
It Is important to me for my lawn ond loodseape to look 
as oood as oo50ble 38% 48% 51% 41% 54% 52% 43% 43% 54% 48% 58% 43% 54% 41% 60% 
Ruggedln~duaiQ~ 
!As long as 1 pay for It, I shOuld hove the right to use as 

47% 22% 34% 24% 25% 35% 31% 24% 30% 24% 26% 26% 29% 28% 32% much water as I think necessary 
1 would rather take the chance of over-watering my 
lawn than not give It enough water 14% 13% 15% 14% 18% 9% 11% 8% 12% 16% 7% 12% 14% 15% 17% 
Flalms about Texas facing serious water shOrtages In the 

4% 11% 9% 7% 6% 12% 3% 8% 2% 3% 2% 7% 6% 0% 5% ~ture Ofe greotty exaggerated 
Even when there Is very little rainfalL I water as much as I 

rwsm' 41% 31% 39% 30% 43% 40% 37% 41% 39% 44% 29% 25% 32% 40% 33% 
Importance of COnseiVatton Quesflons: 
jwater conservation will help residents of this area to 

80% 79% 76% 73% 73% 63% 73% 77% 70% 67% 79% 74% 73% 65% 69% have a better overall quality of life 
[water conservation will ensure that there Is enough I 

!water to meet my needs 73% 74% 72% 73% 67% 63% 61% 64% 62% 60% 79% 71% 63% 62% 63~ 
Unless people start leamlng how to conserve water. 
here Is not going to be enough for everybOdy 77% 81% 85% 88% 80% 84% 74% 79% 72% 78% 79% 83% 76% 74% 77% 

Water conservation wm provide a better world for future 
!generations 62% 78% 70% 82% 83% 68% 68% 73% 72% 66% 64% 75% 78% 74% 80% 
Opinion responses Include those that strongly or somewhat agree with statement. 

I 
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:7:Ll FAX 512 480 2350 COA w;wv, :4) 002 

.. UTILITY e STATEMENT 
Clry 0( IIA1Sdn !EPRINTED 10/27/97 

A.. ,OUNT NUMBER 

0654-500305-04 
=OR SERVICES AT 
--HERON COVE 

CUSTOMBR NAME. POR ACCOUNT INPORMA TION, CALL 

TONY S 

=ROM 09/17/97 TO 10/16/97 

BALANCE ON 09/22/97 
PLUS AD~USTMENTS 

476-7721 

LESS PAYMENTS RECEIVED THROUGH 10/27/97 
CONTRIBUTIONS RECEIVED: 
PLUS LATE PAYMENT PENALTY 
REMAINING BALANCE 
MISCELLANEOUS 

~EXT SCHEDULED METER READING DATE 11/15/97 

')'l 
DOITIO:-JAL 
~FORMA TIC~~ 

•N EACH 
•FTHESE 
URRENT 
TILITY 
ERVICES 
LF' ... c; 
F 
"'- ..JF 
ILL 

Cit yo( A.u&lill 

ELECI'RIC 
YOUR CHARGE FOR 
SALES TAX 

1 ,200 KWH IS 

TOTAL COST FOR ELECTRIC SERVICE: 

WATER 
YOUR CHARGE FOR 14,100 GALLONS IS 
TOTAL COST FOR WATER. SERVICE: 

WASI'EWATER 
YOUR CHARGE FOR 9,800 GAL.LONS IS 

TOTAL COST FOR WASTEWATER SERVICE: 

O'niER SERVICPS 
YOUR CHARGE FOR SOLID WASTE SERVICE IS 
SALES TAX 
YOUR CHARGE FOR DRAINAGE/STREET SERVICES IS 

TOTAL COST FOR OTHER SERVICES: 

$94.22 
$.94 

$34.75 

$34.34 

$141.55 
11.21 
$5.86 

*PAYMENT MUST BE 
BEFORE 11/16/97 OR 
IS ASSESSED ON 
ELECTRIC, WATER, 
CHARGES UNPAID. 

POSTED ON OR 
A 5% PENALTY 
THE CURRENT 

TOTAL PAYMENT DUE UPON RECEIPT* > > > > > $ 

PENALTY ON CURRENT SERVICES 
AND WASTEWATER 

BALANCE CUE AFTER 11/16/97 s 
....... :=:-?"ACT-I AND .·-.:..\IL THE S7UB WITH '!"OUR := . .:.·:·'·.lENT.:;;:, BRING T~E S7 t.:E WHEN PAYING JN PE~SQi>j ;.-;~PAY STMTIO~. ....... 

TO CO'ifRIIUTE. ENTER AMOUNT TO Tt-IE AICHT OF + \ HIELPS, AND INCLUDE IN TOTA.l PAID. 

TO COKTRIBUTE, ENTER AMOUNT TO THE fUGHT OF "!'REE. ANO INC~UOE IN TOTA~ PAID. 

PLEASE MAKE CHECIC PAYAILE TO CrTY OF AUSTIN UTILITIES 

MAIL 

TO PO BOX 630063 
DALLAS TX 75263-0063 

TX 78759 

+1 HEL.PS $ 

~s,.ING .$ 
P!!QQI!6M 
TOTA~ DUE. ON OR IEFORE 
11{16{97 

PENALTY 

TOTAJ. DUE AFTER 
11{16/97 

PL~ASE ~NTEA 
5 TOTAL PAID 

- . 
..-.::;- - - :. ~ 

"''12:12 

95.16 

34.75 

13.62 

892.37 

1.17 

1100.54 

892.37 

8.17 

900.54 

0654-500305-04 

-. TONY 5 
~ERON COVE 

1 50030504 oooooo oooooo89237 1 

TU~ ,...,TV IC::: r*'~I\~O,VII'I.•~ 'AfrTL! 'Tl1- ,.,~,..-l""',,..~~lr" ,.,,...,..,, ,.....,,~.,...,,,,,...,,...,... ~--
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PAGI! 2 

Otyof A._ln 

ELECTRIC 322-6300 
IN 29 DAYS 
READ DATE 

10/1&/97 
09/17/97 

DIFFERENCE 

YOU USED 1,200 KWH 
METER N 03304730 

47508 
46308 

1200 

RATE CALCULATION: 
RESIDENTIAL SERVICE RATE, MULTI-FUEL 
CUSTOMER CHARGE: 
ENERGY: 500 KWH AT 

700 KWH AT 
FUEL: 1200 I<WH AT 

SUBTOTAL ELECTRIC CHARGES 
SALES TAX 

$.03550/I<WH 
$.07820/KWH 
S .01311/I<WH 

S&.OC 
17.75 
54.74 
1!5.73 

$94.22 
.94 

TOTAL COST FOR ELECTRIC SERVICE Sl&. 115 
FOR THIS 29 DAY PERIOD, YOUR AVERAGE DAILY COST FOR 
ELECTRIC SERVICE WAS $3.28 

:c 003 .. 

WATERIW ASTEWATER 322-2820 
-----------------------------------BASED ON A 5/8 INCH METER 

AT THE URBAN RESIDENTIAL WATER RATE 
READ DATE METER N 00138395 
10/16/97 894200 
09/17/97 880100 
DIFFERENCE 14100 

WATER SERVICE CALCULATION 
BASED ON CONSUMPTION OF 
CUSTOMER CHARGE IS 
CHARGE FOR 2,900 • 

NEXT 4,000 • 
NEXT 7,200 • 

14, 100 GALLONS 

1.25/1000G 
2.00/1000G 
2.60/1000G 

TOTAL WATER CHARGES FOR 21 DAYS 

WASTEWATER SERVICE CALCULATION 
BASED ON WASTEWATER AVERAGE OF 9,800 
CUSTOMER CHARGE IS 
CHARGE FOR 2,000 • 1.&5/1000G 

NEXT 7,800 • 3.48/1000G 

TOTAL WASTEWATER CHARGES FOR 29 DAYS 

$4.4< 
3.6: 
8.0< 

18.7 

$34.7 

GALLONS 
$3.9 

3.3 
27. 1 

$34.3 

..•....•.•...•......•.•.. 
GET A SUPER DEAL ON 
SUPER TOILET! CITY OFFER 
UP TO A S&O REBATE IF YO 
~-~LACE OLD TOILET WIT 

ADJUSTMENTS I FEES ••••••••••••••••••••••••• 
A NEW WASTEWATER AVERAGE 

WILL BE CALCULATED FOR 
THIS ACCOUNT BASED UPON 

WATER USAGE FROM 
11/1!/97 TO 02/t3/98 

FOR QUESTIONS CALL 476·7721 

•FLUSH MODEL. HURRY 
~.FER ENDS SODNI FOR MOA 
INFO., CALL 491•2199. 

·················~······· 

SOLID WASTE 499-2111 
GARBAGE COLLECTION 
SALES TAX 
ANTI-LITTER/HOME CHEMICAL COLLECTION 
TOTAL COST FOR SOLID WASTE SERVICES 

514.50 
\. 21 
2.05 

s 17.711 

AUSTIN RECYCLES AT CURB! YOU CAN RECYCLE uUNI< 
MAIL & ALL N 1 & N 2 PLASTIC BOTTLES. PUT uUNK 
MAIL WITH NEWSPAPERS AND CATALOGS. PLASTIC 
BOTTLES GO IN YOUR BIN. CALL 499·2111. 

AUTHORIZED PAYSTATJQN$: 

PAYMENTS ARE ACCEPTED AT MOST AUSTIN-AREA 

HED AND RANDALL STORES, AS WELL AS: 
~GUADALUPE STREET 

IH 3S SERVICE ROAD 

.. ... 

WW·BILLING $82.41 

••••••••••••••••••••••••• .,.., 
FEE TOTAL $82.41 

DRAINAGE I STREETS 476-7721 
TRANSPORTATION USER FEE $2.19 
COMPREHENSIVE DRAINAGE FEE 3.&7 

TOTAL COST FOR DRAINAGE/STREET SERVICES $5.86 

IF YOU ARE AT LEAST 65 YEARS OR 00 NOT DRIVE/OWN 
A VEHICLE OR THIS PROPERTY IS VACANT - YOU MAY 
QUALIFY FOR AN EXEMPTION TO THE TRANSPORTATION 
USER FEE. CALL 476·7721 FOR MORE INFORMATION. 

DROP BOX: 701 WEST FIFTH STREET 

FOR BILLING QUESTIONS, CALL 476-7721 

SE HA8LA ESPANOL 

HEARING IMPAIRED TDD: 477-3883 

DD NOT INCLUDE CORRESPONDENCE WITH THIS BILL. SEND CORRESPONDENCE TO: 



9c.32134~-355B4 P. 02 
' • ~unt Number 

1012-1740-6 
I . 

P.O. Box 9097 
Corpus Christi, Texas 78469-9097 

: I 

I OuejDate I '. 
' 

I io/3Q/97 
j I 

I I 

• I -'SeMce Adtt•~ 
I 

I 

ILO ST 
; 

' I : 

' I 

. ·.. I . Servtce Perjocl i · · Frorll . · · ' . I To: 
I 
' 09/07~97 ~. l1o/d&/97 

I 
I ''···''·············'·'·'···'·'···''·······''···'·''·'······'' I 

. Se~Days ·.· . 
' ' 

I . i ~Data 

31! i10/l5/97 
i ! 

WHEN MAKING PAYMENT IN PERSON, Pl.EASE BRING ENTIRE STATEMENT 
q ,· · .. 

····· "' 'lly . Service. 

PREP~IDiAMilUNT 

-.1 HATER BASIC SERV.ICE 
RAH HATER a $.276 PER 1,000 

.1 GAS - BASIC SERVICE 
FUEL, ~ST 01 $2.70/HCF 

- 1.00X SALES TAX-CITY ONLY 

1 HASTEHATER 
' 

1 -~LID' HASTE COLLECTION 
STATE FEe .. 

~URCH~RGE STATE/FED MANDATES 
7.75:'( ~IlLES TAX 

.... Meter Readings . 

Ptevious Present 

323 329 

38 39 

HINTER AVERAGE 

CURBSIDE 

· · Co1111umption 
In Thousands 

6.000 

1.000 

llimized d:ost 
Of Service 

I 

! 11 45 
1 66 

6~24 
2:70 

:o9 

I 

11 Js1 
!23 
!48 
193 

, +ota~ eost 
GtSe ' ' I"4Ce 
I 

iJO.OOCR 

1~ .11 

9.03 

19.03 

13.15 

--- ·-:------ -i--~· RETAI!N TOP POIITrON --- - --- --- --- -- -~--FOR YOUR RECORDS. DETACH AND RETUII18TUII WITH PAYMENT 
PlEASE DO NOT STAPLE OR CUP PAYMENJ' STUB. . . i · 

. ' : 

. ACCOUNT NUMBER .· DUE DATE TOTAL! AMOUNT DUE ··ii . I 
j . -1012•1740-6 l0.130.o'97 I s.68CR --i .. -r 

. : I 

J Indicate n..,j llddr-. below. 

i . 
Make checks payable to: City oti Corpus Christi 

1 Remit to: Cent~l Cashiering • · r · 
P.O. Bbx 9097 . ' 
Corpt$ Christi, TexaS' 7~F97 

Your prompt +ntis greatly appr~ed. 
I ~ ~ 

DDDDDODOl9l2l740~S i 

TOTAL P.02 

I 
' 

' 

i 

! 
l 
E 
!! 

II 
:l 



"'"'. "'"' ._ _ s:.383443561?,4 

San Antonio Water System 
P.O. Box 2990 

San Antonio, Texas 78299-2990 
(210) 225-5222 

P.02 

~ 
. ~:~I·.•·~\E~;: .~:,. cuRRENT BILL SllMMARY······:····•··:.·:·;,·. >> ' ; 

·:· .. ·.~_.:·•· .. · .. ·•.· ... _ .•. •_:_.·.··.·u_.s··e'.tT . .,E;_~Jt._· •. ·_: .•. :.:_._._ •••... _._·._· .•...• _:_•.· .. -._•._·.!·····\·!•} __ •. ·.~·--··i.i.--._·_:. __ •. !.·•·.1 .. ·._._·.·_•~.·-·_: ..•. o_ •. _._._--=_-.. ~·.·_a.,:_ .... _._._.;_-.~-Jc:-··.·.· .•.. ~ri~'·:ffi'~i ._. __ •_.A .• _ .•. _.·_·a :_··.··.·.·•. 

EDWARDS AQUIFER WATER L.EVEL 

--•~ .. ~ _ ).':~!·~--~r:'.LT::<::~~<:\:_:·: • g 

: 'FEDERAL Sl'O .. Att~: ;!E • .. · .... ··· . ~~i:: :·~ :[}[ 
~- ~--:-}f': ,_,:: ~:-~-~: ~~:t~::::{::t::~· ·.:<::.,::; ~->· >::·:· :. :: .:··:::::::: < ·:. . . ::.-: : :: >:··: .: '•' :._: 

:-~·-=;·:::~;::·:~_)"~:-::::~':{f".:'·;:·::·:·~ ::: ::-~::-;--:. . . :;.~ .. : :~ :.-.: ~~~:; :. ·: ~: :· 

;i{~i~~~T.!~ . : ::~v 1a ~··;. • .. '_'·.·. :_ •. _
30

3
t
1
·· .• _:_:i \·; · tor~ .. ~r·~-~~~;.Mt\ •> • · . · 

~ 

0 ... ... 
"( 
g 

., ., . ·'• . ' -· ,.-.;. :::·. ':'_·~:·· . . . 
·- :-··· .. <· •• 

. . . :- . :; ~ _: ... ' ... ' ;: ·:- . : . . :.: : : :;· . -. ;: : . . . . :-:_ ':. ~ .·· ·: -.-
-: .• , ~'~~ ,. ~ ,.4,·.·.······-·:· ··:··: .. ·:·::: .. ::;::. 

•. ';.:[.,';._.i.:;;:,:J;~[\:j_~~L~··~~~-1· ~l~ul~tlon '. ~ri··~kkl · • 
25.000 YOUFI WATER USE IN GALLONS 

t-

17.ZOS 

12.717 

t-
7.481 

f- - f--

f-

lJ__ 
OCT·II 1111:•11 .... Ml·ll M·l8 aua-• 111:1'·• 

Aoeot'd high Juno 1~ 7'012 ft. 

Votunbory _...,. .... !Wduollon, 1148 ft. --I 
Requirwd -tar u• ,.cUalion, 840ft.--

AciQiiionBi i'leciudions, 625ft. 

AltcCII"d L.ow Aug. 11151, S11.11t. 

YOUR WATER USE WAS 
6,732 QALLONS. 

YOUR NEIQHBOAHOOD 
AVEIIAGE WAT15A USE 
WAS7.481 
GALLONS. 

SAWS RESIOEH11AL 
Afti'IAGE WATEI'f USE 
W/>87.~1 
QALI.ONS. 

h~~or.ALlm MisSAoe 1 

'YOUft CURRENT MOiiM'H UIAGE IS L£S8 THAN 
THE SAME 11ME LAST 'YEAR. 

YOUR WINTEfi.AftRAGE IS 111.'fn 
GAI.J.CML T1ft AVERAGE. BASED Oil YOUR 
USACE IETWEEN NOVEMIIEI'I1& AND IIAACH H. 
CIENERALL Y REPRESENTS INDOOR WATeR USE. 
WATEA U8E IN EXCE88 Ol' THI8 AVI!FIAOE·IIIAV 
BE ATni!BUTED TO OUTDOOR APPUCA110N. 
THS IIOim4 'fOUR WATER Ul'l 18 3,741 
GALLONS BELOW YOUR WINTaA AWFIACIE. 

DETACH HERE PLEASE PRESENT BOTH PORnONS IF PAYING IN PERSON DETACH HERE 
---------------------------------------------------------------------------· 

RETURN BOTTOM PORTION WITH PAYMENT 

ACCT# 20 8800 0!9791 0 

00195 

... 
11 ... 11 •• 1 ... 1.1.1 I,,., 1 •• 1 .. I, 1 •• 1 I .. I •• U .. 1.11 ..... 11.1. 1 .. 1 •. Al-1ouN1- oue ~ornli riov 1tf '' 

• UNCLUDE$ B .• LATE CHAAC)S • . . .. 

78204-2348 40&b0003~791DDCOD31~300D030~!1 

If you hiVe any question about your bill. please call l210l 225-5222 or write to: SAWS Customer Service. 

P.O. Box 2449, San Antonio Te:~tas 78298-2449. SAWS appreciates the opportunity to serve you. 



~-v-~.._- c._c:_·.::::_-:: -,_ 

\o<U nnJ::I'\I I CIII..L. vJ4L.vULA IIUI'\I 

SERVICE CATES fOR THIS STATEMENT· 
A&SID£NTI&L/ICL SEIIVIC£ ACCDUNT' 
TDTAL DAYS DF SERVICE 
IETER READING CN' SIP 27 91 
IET£11 IIE&DING CN' OCT 2A 96 
IIIITEII V&TEII USE (QALI.CINS) 

WATER 

SEP 27•0CT 2A 1116 
20 8800 039791 0 

27 
tllll 
'701 

1,732 

(11/1) INCM Mf:T£11 OIARGt (MINI- BILL) 5.13 
&,732 QALS. 1.&1 CENTS PER 100 QALS. A.AB 

SUBTOTAL FOR WATER 8.S8 
:. 

SEWER 
VOUII VINTER AVERAGE IN QAI.LDNS 
YCIUI SIE:WU OIARGtS .AilE 

SUBTOTAL ~OR S~WER 

FEDERAL STORMWATER FEE 
IIIE:SlDENTt&l. .1-DT LESS THAN&, ... SQ/FT 

SUITOTAL FOR STORMWATER 

TOTAL CURR£HT QHARGES 

18.40 

1,10 

1.50 

$0.48 

t:USTOMER SERVICE LOCATIONS AND HOURS 

-103 Cn1nmlle Roed(Lu Pat-) 
-.sGE."-tonS.... 
-1001 E. Malttlt strHt 

8:00 am • 5:00 pm 
7:4S am • 4:30 pm 
7:45am· 4:30pm 

l :r.,::z::n~~rrl~ · ··I 
SAWS PHONE NUMBERS 

--cuuo111er Service/ 
-Water EftleraeMiM/ 
-8ltww Emergenaiw/ 
-Bualnela Ofl'icef 

225-5222 
227-6143 
704-1205 
704-SAWS 

Para recibir au estado de cuenta en 
espanol favor de !lamar 225 -5222 

SUMMERTIME HEROES 

NOW THA't swa.ER J:S COlliNG TO A CLOSE J:TS TJMt TO 1 

VENT1JRE INrO THE YARD AHD ASS!SS THE RESULTS 01' ONE 1 
Or ~1: DRIEST, t«r.TI:ST SU*ER$ GN RECCHtD. .

1

. 

FIRST, LOOK AIIICUND YOUR YARD MD IIWC! A NDTE OF 
IIHAT PLANTS LOOIC GOOD AND PLANT MORE. AREAS Dl' 
GRASS THAT SUCQMIED TO SWGTROKE MAY IE CANDIDATES ' 
I'Oit CONVERSION TO .aJLCHED FloQHR IIEDS, MCIUNDC:OYE'R 
OR A IIIRE DROUGHT R!SISTANT GRASS. 

AS WE IIOVE INTO WINTER, BEGIN TO THJ:liC AllaUT 
WJNTIERIZING YOUR YARD. ADD IIUL.Qor J1ll II!DS 111m AROUND 
SHRUBS AND TR!!S. I!G%N FURTHER REUUCTJCINS IN 
IRRIGATION AND REDUCE MOWING. 

11'11: IDU. BEHIND WINTERIZING! JS TO GET PUNTS TO 
STOP PUTTING ON TOP GROWTM JIMJ IUCUN IUILDJ:NG ROOT 
GRCIVTH. A PLANT THAT IS PUTTING ON TDit GIROWTH VZLL. 
NDT FAIR WELL J:N A FREEZE. 

IECUN TO PLAN MD INSTALL YOUR VATERSAYIR UINDSCAPE 
AND RECEIVE FROM 100 TO 100 DOLLARS f'OR AN APPROVED 
~E, CALL 704-73&4 I'OR AN AP'LZ:CATJQN, 

To receive your statemam in 
Spanish pi•• .. call 225-5222 

TOTAL P.03 



APPENDIXE 
DETAILS OF THE DISCRETE/CONTINUOUS CHOICE MODEL 

Stratus Consulting 



The Likelihood for the General Discrete/Continuous Choice 
Model of Water Demand Under Increasing Block-Rate Pricing 

Hewitt and Hanemann (HH, 1995) present the theory of utility maximization with 
kinked budget constraints and analyze a model of discrete/continuous choice for the 
demand for water. Although their analysis is for multiple block pricing, their likelihood is 
written for the case of exactly two blocks, and cannot be easily generalized given the 
specificity of their notation. This note contains the likelihood for the general case of K 
blocks, where, in addition, K may vary over households. The likelihood below is 
presented for the use of interested applied economists--little analysis is given--see HH for 
the economic and econometric derivations. 

Suppose the demand for water is 

where 

X = .z' 0 + o:p + 1-'Y + € + 1] 

x = water demand; 
.z = demographic and other exogenous characteristics· . , 
p = pnce; 
y =income; 
f =heterogeneity error, assumed to be distributed N(O a2). 

f ' of , 

'1 = measurement, optimization, or perception error assumed to be 
N(O, a~) and independent of e; ' 

o:, 1-t = price and income coefficients, respectively; and 
6 =parameters of the utility function. 

(1) 

Demand, price? ~d income could be specified as their natural logs in which case o: and 
would be elasttctttes. Let p,. be the price of water in block k and define FC fi d 11-
costs Let x'" k - 1 K 1 b h . . , as xe • k• - ' • · • , - e t e kink pomts between blocks k and k + 1. Define 

x(p,., d,.) = .z'o + o:p,. + 1-t(Y + d,.), (2) 

where d,. is a kind ofvirtual income due to the block rate pricing, given by 

k-1 
d1c = - FC- '""(p·- p· ) • £'. k 2 ~ 3 3+1 xi , 10r = , ... , K 

j=l , 
(3) 

and dt = - FC. Th b h · at e e avtOr assumption is that a household's water demand is given 
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The Likelihood for the General Discrete/Continuous Choice 
Model ofWater Demand Under Increasing Block-Rate Pricing 

Hewitt and Hanemann (HH, 1995) present the theory ofutility maximization with 
kinked budget constraints and analyze a model of discrete/continuous choice for the 
demand for water. Although their analysis is for multiple block pricing, their likelihood is 
written for the case of exactly two blocks, and cannot be easily generalized given the 
specificity of their notation. This note contains the likelihood for the general case of K 
blocks, where, in addition, K may vary over households. The likelihood below is 
presented for the use of interested applied economists-little analysis is given-see HH for 
the economic and econometric derivations. 

Suppose the demand for water is 

where 
x = water demand; 
z = demographic and other exogenous characteristics; 
p =price; 
y =income; 
E =heterogeneity error, assumed to be distributed N(O, a;); 
fJ ='measurement, optimization, or perception error, assumed to be 

N(O, ~)and independent of E; 
a, 11. = price and income coefficients, respectively; and 
6 =parameters of the utility function. 

(I) 

Demand, price, and income could be specified as their natural logs in which case a and 11. 
would be elasticities. Let Pk be the price of water in block k, and define FC as fixed 
costs. Let xt, k = 1, ... , K - 1 be the kink points between blocks k and k + 1. Define 

x(pk, dk) = z'6 + apk + JJ.(Y + dk), 

where dk is a kind of virtual income due to the block rate pricing, given by 

k-1 

dk = - FC -2:)Pi- Pi+t)xj, fork= 2, ... , K, 
j=l 

(2) 

(3) 

and d1 = - FC. The behavioral assumption is that a household's water demand is given 



by 

X= 

X(PJ., dt) + E + 1] 

xi +7J 
x(P2, d2) + E + 1J 
x; +7J 

- oo < E $ xi - x(pt. dt) 
xi- x(pt. d1) < E $xi- x(P2, ~) 
xi- x(P2,~) < E $ x;- x(P2,~) 
x;- x(P2,~) < E $ x2- x(PJ,d3) 

X(pK, dK) +E +1} XK- x(pK,dK) < E < 00 

(4) 

This is the general form ofHH equation 21. The likelihood is complicated because 
households could locate on either of the K segments or the K - 1 kink points separating 
the segments. The likelihood is: 

L(xlz,PJ., ... ,pK, xi, ... , x'K; p, a, o, a., a11 ) = 

[ 
1 K-1 

II a
11
{;exp(- u%/2)[<ll(ak)- <!l(bk)] + 

:"t.exp(- w%/2) [<ll(b~)- <ll(a~_ 1 ))] 
where the product is over all observations, and fork= 1, ... , K 

wk = [x -_z'o- p(y+dk)- apk]/av, 
a =. la2 +a2 

v v • '1 

Uk = [x- xk]/a11 ; 

bk = [xk- z'o- p(y + dk)- apk] fa,; 
b~ = (bk - pwk)! v'1- p2; 
p = a,fav, 

and for k = 1, ... , K - 1 
ak = [xk- z'o- p(y+dk+1)- ll!Pk+I]fa,. 
a~= (ak- pwk)/Jl- p2. 

Here ell is the standard normal cumulative distribution function. Consistent with our 
definition ofkink points we have x'K = oo which implies bK = oo, and we set 

(5) 

ao = - oo. The first summation (with K- 1 terms) in equation 5 is for desired demand 
on the K - 1 kink points, and is omitted forK = 1. The second summation (with K 
terms) is for demand on the K segments. Each term is multiplied by its respective 
probability. 

Reference 

Hewitt, Julie A., and W. Michael Hanemann. 1995. "A Discrete/Continuous Choice 
Approach to Residential Water Demand under Block Rate Pricing." Land Economics 71 
(May): 173-92. 



The Likelihood for the General Discrete/Continuous Choice 

Model of Water Demand Under Increasing Block-Rate Pricing 

Hewitt and Hanemann (HH, 1995) present the theory of utility maximization with 

kinked budget constraints and analyze a model of discrete/continuous choice for the 

demand for water. Although their analysis is for multiple block pricing, their likelihood is 

written for the case of exactly two blocks, and cannot be easily generalized given the 

specificity of their notation. This note contains the likelihood for the general case of K 

blocks, where, in addition, K may vary over households. The likelihood below is 

presented for the use of interested applied economists--little analysis is given--see Illi for 

the economic and econometric derivations. 

Suppose the demand for water is 

where 

x = z'li + ap + ILY + t: + 1J 

x = water demand; 

z = demographic and other exogenous characteristics; 

p = pnce; 

y =income; 

t: =heterogeneity error, assumed to be distributed N(O, a;); 

17 = measurement, optimization, or perception error, assumed to be 

N(O, a~) and independent oft:; 

a, IL = price and income coefficients, respectively; and 

li = parameters of the utility function. 

(1) 



Demand, price, and income could be specified as their natural logs in which case a and 1-£ 

would be elasticities. Let Pk be the price of water in block k, and define FC as fixed 

costs. Let xt, k = 1, ... , K- 1 be the kink points between blocks k and k + 1. Define 

where dk is a kind of virtual income due to the block rate pricing, given by 

k-1 

dk = - FC- l)Pi- Pi+I)xj ,fork= 2, ... ,K, 
j=1 

(2) 

(3) 

and d1 = - FC. The behavioral assumption is that a household's water demand is given 

by 

x= 

x(P1o di) + € + 17 
xi +11 
x(P2,d2)+€+17 
x; +11 
.' 

-oo <€:$xi-x(p1,di) 
xi -x(PJ,di) < € :$xi -x(P2,~) 
xi - x(P2, ~) < € :$ x; - x(P2, ~) 
x; - x(P2, d:2) < € :$ x; - x(P3, d3) 

(4) 

This is the general form of.HH equation 21. The likelihood is complicated because 

households could locate on either of the K segments or the K - 1 kink points separating 

the segments. The likelihood is: 

[ 
1 K-1 

IT CT11 ~exp(- uV2)[<I>(ak)- <I>(bk)] + 

:" 'f;exp(- wV2) [<I>(bU- <I>(a~-d]] 

where the product is over all observations, and for k = 1, ... , K 

Wk= [x-z'c5-~.t(y+dk)-apk]/C1v, 

(1 - . I (12 + (12 v-y • 'I 

uk = [x- xt] je111 ; 

bk = [xt- z'c5 -~.t(Y + dk)- apk] je1,; 

(5) 



and for k = 1, ... , K - 1 

ak = [xk- z'o- p(y + dk+l)- apk+l] ja,. 

a~= (ak- pwk)/J1- p2. 

Here ~ is the standard normal cumulative distribution function. Consistent with our 

definition of kink points we have x'K = oo which implies bK = oo, and we set 

ao = - oo. The first summation (with K- 1 terms) in equation 5 is for desired demand 

on the K- 1 kink points, and is omitted forK= 1. The second summation (with K 

terms) is for demand on the K segments. Each term is multiplied by its respective 

probability. 

Reference 

Hewitt, Julie A, and W. Michael Hanemann. 1995. "A Discrete/Continuous Choice 

Approach to Residential Water Demand under Block Rate Pricing." Land Economics 71 

(May): 173-92. 


