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WHAT IS YOUR NAME AND BUSINESS ADDRESS?
My name is John Whitcomb and my business address is 1375 Eaton
Avenue, San Carlos, California 94070.
BY WHOM ARE YOU EMPLOYED AND WHAT IS YOUR
POSITION?
I am the principal of WATERTECH Software and Consulting located at
the address iﬁdicatcd a-bove.
WHAT IS YOUR EDUCATIONAL BACKGROUND AND WORK
EXPERIENCE?
I received my doctorate in Geography and Environmental Engineering
from Johns Hopkins University in 1988 and a Bachelors degree in
Economics and Geography from the University of California, Santa
Barbara in 1984, I worked for Brown and Caldwell Consultants from
1989 10 1991 before starting WATERTECH Software and Consulting.
WATERTECH Software and Consulting provides consulting
services and computer software tb water agencies to assist in the planning,
management, and pricing of water resources.
Included among my clients for water pricing studies are Redwood
City, California (1995); Menlo Park, California (1995); San Jose,
California (1994); Ashland, Oregon (1993); Sacramento, California (1992);
West Sacramento, California (1991); Palo Alto, California (1991);

Brookings, Oregon (1991); Fresno, California (1991); Northridge,
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California (1991); Grass Valley, California (1991); Tahoe City Public
Utility District (1991); San Diego, California (1990); and Soquel Creek,
California (1989).

The clients for whom I have performed empirical evaluations
quantifying impacts on water use from factors such as weather, pricing,
and various water conservation projects include The World Bank, Brazil
(1995); Contra Costa Water District, California (1991, 1993 and 1994);
Southwest Florida Water Management District (1993); Tampa, Florida
(1992); Seattle, Washington (1990); South Florida Water Management
District (1989); and San Jose, California.

I also have conducted assessments of the reliability and expected
impact of water conservation programs on future water demand for the
following clients: Santa Clara Valley Water District, California (1990 and
1995); Alameda County Water District, California (1992); Kentucky-
American Water Company (1991}); Sacramento, California (1991); Antioch,
California (1990); Daly City, California (1990); Los Angeles Department
of Water and Power, California (1987); Interstate Commission on the
Potomac River Basin, Maryland (1987).

I have authored or co-authored nearly a dozen picces regarding
water use and water demand forecasting which have been presented in
several fora and publications. A list of these pieces is included in Exhibit

___ (JBW-1).
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WHAT ARE YOUR PROFESSIONAL AFFILIATIONS?

1 am a member of the American Water Resources Association, for which
I also am a reviewer df AWRA Joumnal articles. I also am a member of
the American Water Works Association and the California Urban Water
Conservation Council.

WHAT IS THE PURPOSE OF YOUR TESTIMONY?

I will discﬁss the water conservation impact of the rate structure and the
win/win aspects of the weather normalization clause being proposed by
Southern States.

COULD YOU IDENTIFY ANY PROFESSIONAL EXPERIENCE
YOU MIGHT HAVE WHICH WOULD QUALIFY YOU AS AN
EXPERT SPECIFICALLY IN WATER CONSERVING RATE
STRUCTURES FOR FLORIDA UTILITIES?

From 1992 through 1994, T was sub-contracted by Brown and Caldwell to
perform a series of studies of water conserving rate structures. Brown and
Caldwell had been retained by the Southwest Florida Water Management
District ("SWFWMD"} to perform the studies. Mr. Jay W. Yingling was
SWFWMD’s senior economist with principal responsibility for the project
management of the study. I was the person with primary responsibility for
quantifying price elasticity and measuring rate structure impacts on water
consumption.

The first study presented to SWFWMD was the study entitled
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"Definition of Water Conservation Promoting Rates" which I will refer to
as the "Conservation Rate Structure Study" which was completed in
February, 1993. The’ intent of this study was to provide guidance to
utilities in developing water conserving rate structures that would satisfy
regulatory requirements and assist SWFWMD in the ability to quickly
assess whether a rate structure would be effective in promoting water
conservation. A copy of the Conservation Rate Structure Study is
provided in Exhibit ____ (JBW-2).

Next, I continued my rcspor_lsibilities as a subcontractor of Brown
and Caldwell in the preparation of a large empirical study on residential
and commercial water price elasticities for SWFWMD. Price elasticity
measures the percentage change in demand resulting from a 1% change in
price, all other factors held constant. This study culminated in the "Water
Price Elasticity Study," which I will refer to simply as the "Elastcity
Study,” which was completed in August, 1993. A copy of the Elasticity
Study is provided in Exhibit ____ (JBW-3).

Finally, 1 developed a PC/Windows software program known as
WATERATE which simulates how changes in water and sewer prices
impact water revenues and water demand. The program automnates
complex price elasticity calculations (as determined in the Elasticity Study)
and provides a comprehensive, flexible framework from which to evaluate

alternative rate structures. Features include single or multiblock rate
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structures that can vary by season, short- and long-run price elasticity
adjustments specified by customer class, and detailed diagnostics as to the
expected changes in the water use distribution over a three year planning
horizon. SWFWMD has established a toll-free hot-line which utilities can
call to obtain information on WATERATE including a free copy of the
Program. At this time, there are over fifty (50) registered users of
WATERATE, mostly in Florida. Exhibit ___ (JBW-4) contains a list of
the registered users.

Subsequently, I was contracted by Southern States and requested
to apply my knowledge and experience with the SWEFWMD studies and
programs to analyze the Company’s existing rate structure and assist them
in formulating an appropriate structure in this proceeding.

ARE THE RESULTS FROM THE PRICE ELASTICITY STUDY
APPLICABLE TO SOUTHERN STATES?

Yes. Florida has a unique mix of factors affecting price elasticity. (e.g.,
weather, type of soils, irrigation wells, vegetation, and tourism). For that
reason, price elasticity results generated from other parts of the country can
not be validly applied to Florida. To obtain local price elasticity csﬁmates,
SWFWMD undertook the Elasticity Study. The study was designed to
quantify the relationship between water price and water demand for
customers within the SWFWMD service area under a wide range of

conditions. The Elasticity Study allowed price elasticity to vary with price
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level ($/ thousand gallons) and with property value. These steps were
specifically taken to make the results more applicable to varying
conditions. Given the geographic diversity of both the SWFWMD and
Sout}_acrn States’ service areas and the diverse demographics and
characteristics of the ﬁustomers living in them, I believe it is reasonable
to assume a similarity of Southern States’ customer base and the customer
base analyied in the Elasticity Study. Therefore, I believe the price
elasticities indicated in the Elasticity Study may properly .bc applied to
Southern States.

I also point out that Southern States was one of the ten utilities
which participated in the Elasticity Study. Specifically, Southern States
provided data relating to the Company’s facilities and customers in the
Spring Hill service area in Hernando County. In addition, Southern States
has 24 water service areas serving an estimated population of 125,000
within the SWFWMD jurisdiction.

DID YOU ANALYZE THE UNIFORM RATE STRUCTURE WHICH
THE COMMISSION PREVIOUSLY AUTHORIZED SOUTHERN
STATES TO CHARGE TO CUSTOMERS IN NINETY OF
SOUTHERN STATES’ SERVICE AREAS TO DETERMINE
WHETHER THAT RATE STRUCTURE WAS PROPERLY

DESIGNED TO RECOVER REVENUE REQUIREMENTS?

Yes. I applied WATERATE to quantify expected changes in water
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consumption as a result of the application of the rate structure authorized
in Docket No. 920199-WS. The principal factor which influenced the
results of this analysis was the Commission’s reduction of the portion of
Souihern Stateé’ revenue requirements which previously had been
recovered through the base facility chérgc from approximately ﬁfty-ﬁye
percent (55%) to only thirty-three percent (33%) in the rate structure
approved in bockct Né. 920199-WS. The result of the analysis showed
that the rate structure approved in Docket No. 920199-WS would be
expected to cause a long-run water use reduction of 12.3 percent. The
financial instability of revenues also increased; the 95% confidence interval
around expected revenues increasing from 5.1 to 7.3 percent.

Since the Commission did not adjust the water consumption levels
requested by Southern States in Docket No. 920199-WS when the uniform
rate structure was established, Southern States requested that I quantify the
revenue requirement impact which resulted when this water conserving rate
structure was imposed without a corresponding reduction to the water
consumption levels. All other factors held constant, my analysis revealed
that the application of the uniform rate structure, without a recognition of
the reduced consumption which flowed from it, resulted in an estimated
reduction of 6.2, 9.2, and 10.8 percent of gallonage charge revenues in
1992, 1993, and 1994 respectively. In terms of total revenues, 1 calculated

a reduction of 4.2, 6.2, and 7.2 percent in 1992, 1993, and 1994
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respectively. In terms of dollars and with a $20,595,043 revenue
requirement, the revenue deficiency for Southern States amounted to
approximately $864,992, $1,276,893, and $1,482,843 for the years 1992,
1993, and 1994 as a result of the Commission’s failure to recognize the
inherent conservatiqn impact of the rate structure approved in Docket No.
920199-WS.

DID THE UNIFORM RATE STRUCTURE APPROVED IN DOCKET
NO. 920199-WS MEET THE CRITERIA FOR A WATER
CONSERVING RATE STRUCTURE IDENTIFIED IN THE
SWFWMD STUDIES?

Yes. I applied the criteria set forth in the Conservation Rate Structure
Study and confirmed that the rate structure established by the Comrnission
in Docket No. 920199-WS and rcconﬁrm;:d in Docket No. 930880-WS
qualifies as a water conserving rate structure. The results in terms of
consumption reductions from the application of the Elasticity Study
through WATERATE confirm this fact. I note these facts as historical
evidence of the validity of SSU’s position that a straight base facility
charge/gallonage charge structure, without inverted blocks, such as the
structure being proposed by SSU in this proceeding, can indeed be
classified as a water conserving rate structure.

COULD YOU BRIEFLY DESCRIBE THE RATE STRUCTURE

PROPOSED BY SOUTHERN STATES IN THIS PROCEEDING?
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Southern States is requesting that the Commission continue to authorize
the use of uniform rate structures -- one uniform rate for customers
receiving service frorn. conventional treatment facilities and one uniform
rate for customers receiving service form reverse osmosis faciliies. A
base facility/gallonage charge structure with forty percent (40%) of the
revenue requirement included in the base facility charge is being proposed.
IS THE RATE STRUCTURE BEING PROPOSED BY SOUTHERN
STATES’ A WATER CONSERVING RATE STRUCTURE? |
Based on criteria set forth in the Cpnservation Rate Structure Study, the
rate structure proposed by Southermn States is a water conserving rate
structure. The Conservation Rate Structure Study defines several criteria
which are weighted for relative assumed impacts on water consumption,
These criteria include rate structure form, allocation of costs to
fixed/variable charges, sources of utility revenues and communication on
customer bills. As indicated in Chapter 7 of the Conservation Structure
Rate Study, upon application of these criteria, a score of 3.2 qualifies as
a water conserving rate structure. I applied these criteria to Southern
States and arrived at a score of 3.2. My calculations are provided in
Exhibit ____ (JBW-5). I also have been informed that Southern States is
in the process of including historical billing information on customer bills.
Once this information is provided, the rating would be a 3.3, further

confirming the water conserving nature of the proposed structure.
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I understand that some argue that only an inverted block rate
structure can be a water conserving rate structure. There is no empirical
support for such a pos'i-tion. I can design a single price (non-block) rate
structure that sends a stronger water conservation pﬁcc signal to customers
than any of the block rate structures currently being used in Florida. This
is achieved by an appropriate allocation of the revenue requirements for
recovery through the gallonage charge.

Personally, I do not believe in a binary deﬁnitioﬁ (yes or no) of a
walter conserving rate structure. Some rate structures are more conserving
than others; it is matter of degree. A utility has to find a proper balance
of competing objectives such as water conservation promotion and revenue
stability.

SOUTHERN STATES’ EXISTING RATE STRUCTURE
AUTHORIZED IN DOCKET NO. 920199-WS CONTAINS A
33%/67% BASE FACILITY/GALLONAGE CHARGE SPLIT. WHY
IS THE COMPANY PROPOSING THAT A HIGHER PERCENTAGE
OF ITS REVENUE REQUIREMENTS BE RECOVERED IN THE
BASE FACILITY CHARGE?

First, as I have just confirmed, the proposed rate structure with a 40%/60%
split qualifies as a water conserving rate structure. I have worked with
Southern States to create a rate structure which fulfills the Company’s

desire to send the conservation message to its customers while also

10
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reducing Southern States’ exposure to an inordinate level of business and
financial risks.

This inordinate level of business and financial risk arises from the
fact that SSU experiences a large variation in annual water use, largely
caused by variations in weather. High year-round evapotranspiration levels
combined with irregular rainfall pattems, makes outdoor water use in SSU,
and Florida in general, both high and irregular relative to other parts of the
country. I conducted a statistical analysis of SSU historic residential Watcr
consumption (1991-94) and weather (1949-1994). One finding is that the
95 percent confidence interval around average annual per account water
use spans plus and minus 10.9 percent resulting from weather. This is

~likely the largest weather caused variability experienced in the United
States (more than double my experience in California).

This large vﬁaﬁon in water use translates into a relatively large
variation in revenues. The precise magnitude of revenue deviation depends
on rate structure. A rate structure that collects a large share of its revenues
through a fixed monthly service charge, for example, tends to be more
stable in generating revenues. A single water price tends to be moré stable
than a block rate structure, all other factors held constant. With a single
non-block price, going from 33% to 40% collected via the base facility
charge reduces the 95% confidence interval around total annual revenues

from 7.3 10 6.6 percent. This is a lower, but still a significant amount of

11
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business and financial risk. It should also be noted that this is weather
related risk only. Water use is also affected by other factors such as the
economy and tourism .which have not been factored into my analysis.
Addition of these types of factors would lead té a higher total risk
assessment.
HAS COMMISSION STAFF RECOGNIZED THE NEED TO
COORDINATE A WATER CONSERVING RATE STRUCTURE
WITH A UTILITY’S REVENUE STABILITY?
Yes. In its white paper entitled, "Water Conservation Rate Structure
Policy" dated December, 1993, Commission Staff made the following
observations which 1 believe are consistent with the rate structure and
revenue adjustment mechanism the Company is proposing in this
proceeding. The Staff policy statement provides as follows:

Another rate issue, regardless of the chosen rate structure,

is a determination of the allocation of the revenue to be

derived from either the base facility or gallonage charge

and among the various classes of customers. Since the base

charge is not affected by usage, its level will not impact on

conservation. Therefore, conservation price signals are only

given through the gallonage charge. Higher gallonage

charges should be more effective in promoting conservation.

However, with a given revenue requirement, increasing the

12
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gallonage charge will lessen the base charge which may
impact the revenue stabilit& of the utility. Generally, fixed
costs are inclucicd in the base facility charge and variable
costs anci return on investment are covered by the gallonage
charge. Therefore, if ﬁxed' costs are shifted to the
gallor_lage charge and the increased gallonage charge resuits
in water conservation, a revenue deficiency could result.
Obviously, a trade-off exists between revenue stability and
conservation, which is yet another variable to be coﬁsidered
in changing rate level or rate structure.
HAVE YOU USED THE ELASTICITY STUDY MODEL TO
DETERMINE THE LEVEL OF REDUCTIONS IN WATER
CONSUMPTION WHICH WOULD RESULT UNDER THE
COMPANY'’S PROPOSED RATE STRUCTURE?
Yes. Applying the elasticity study model results in a consumption
reduction of approximately 11% for the conventional and 2.7% for the
reverse osmosis service classes on an annual basis. Exhibit ___ (JBW-6)
provides further discussion of the application of the Elasticity Study, the
assumptions used in the model and summarizes the results from the values
inputted into the WATERATE model to derive this amount.
HAS SOUTHERN STATES ADJUSTED ITS PROJECTED 1996

ANNUAL CONSUMPTION TO REFLECT THIS LEVEL OF

13
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ELASTICITY?

Yes.

DO YOU BELIEVE THAT SUCH AN ADJUSTMENT IS
REASONABLE?

Not only do I believe that the adjustment is reasonable, I also believe that
the adjustment must be made to provide Southern States the opportunity
to obtain the revenue requirement to be established by the Commission
including an opportunity to earn the authorized rate of return on the
Company’s investments in utility facilities. |

IS SOUTHERN STATES RI.-EQUEST]NG AUTHORITY TO
IMPLEMENT A WEATHER NORMALIZATION CLAUSE TO
ASSIST IN ACHIEVING SOME- MEASURE OF REVENUE
STABILITY?

Yes, in fact the Company has adjusted its requested return on equity
downward to reflect the higher level of revenue stability which would
result from the implementation of this clause.

COULD YOU DESCRIBE THIS CLAUSE AND HOW IT WOULD
WORK?

Yes. The Qcather normalization clause is being proposed to achieve the
second goal which I established with the Company -- revenue stability. I
will refer to the weather normalization clause as the "WNC." The WNC

is designed to counteract the inordinate business and financial risk to

14



10
11
12
13
14
15
16
17
18
19
20
2]

22

which Southem States is exposed. The WNC provides for a monthly
adjustment of the gallonage charge, up or down, to reflect deviations from
projected monthly conéumption levels per bill. To minimize volatility, the
WNC recovers one twelfth (1/12) of the WNC outstanding balance in each
month. Forrest L. Ludsen, SSU’s Vice President - Finan_ce and
Administration, provides further discussion of the mechanics and merits of
the WNC.

WHAT DO YOU BELIEVE ARE THE ADVANTAGES OF THE
WNC?

I strongly believe the WNC would provide significant advantages to SSU,
the FPSC, SSU’s customers, and the State of Florida. It is a win-win-
win-win situation resulting from improved regulatory operation.

The advantage to SSU is revenue stability. SSU probably has one
of the highest exposures to revenue fluctuations in the country, largely
caused by weather. This exposure necessitates SSU to seek rate structures
that ar¢ more stable in revenue generation. Unfortunately, changes in a
rate structure to make revenues more stable come at the expense of the
conservation price signal sent to customers. Revenue stability and water
conservation pricing are competing objectives. Implementation of the
WNC would mitigate SSU’s revenue stability concems as it would insure
that SSU would meet its gallonage charge revenue requirement. SSU

would be in the position to adopt more aggressive water conserving rate

15
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structures.

The FPSC would benefit from the WNC in at least two ways.
First, the WNC wouldr.simplify the regulatory process. Having the WNC
in operation would diminish the importance of the accuracy of water use
projections made in the ratemaking process. Actual water use deviations
from the pr(_)jected consumption levels per bill would be trued up so that
rates would be based on actual water use per bill not predicted water use.
This would lead to less time and resources spent on cc;)ntcntious issues
related to water use forecasts. The second advanthge would bé removing
a major deterrent to both water conservation pricing and water
conservation programs in general. Water utilities could adopt more
aggressive water conserving rate structures without undue increases in
business and financial risk. Water utilities could expand and pursue the
most effective set of conservation programs (e.g., toilet retrofit programs)
in an integrated resource planning framework, without penalty of reduced
revenue from reduced water sales. Taking away these road blocks would
dramatic.:ally increase water conservation activities. It is my understanding
that one of the FPSC goals is to promote water conservation.

SSU’s customers would also benefit in several ways. Simplifying
the regulatory process would lead to lower rate hearing expenses.
Increased revenue stability should allow SSU to borrow money at lower

interest rates for its many planned capital projects. These savings are

16
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indirectly passed on to customers. In addition, customers obtain cost-of-
service equity as they will pay SSU exactly the set gallonage revenue
requirement -- no more or less. This obviates angry customers who see a
utility generating exorbitant profits (periods of high water use) or
financially strapped utilities from cutting back on necessary operations and
improverhents because of cash deficiencies (periods of low water use).

Another major benefactor of the WNC is the State of Florida.
Increasing water demands together with limited and more expensive .water
supplies have increased the need for wise water management practices.
Pricing is one of the most important tools available to water managers to
restrict demand. Adoption of the WNC would lead to the improved
financial viability of its regulated water purveyors by reducing risk, it
would reduce regulatory administration and dramatically increase efforts
to promote water conservation, and it would lower costs to customers and
facilitate a proper level of revenue collection.
WHAT ARE THE DISADVANTAGES OF THE WNC?
I do not see any disadvﬁmages to SSU, the FPSC, or the State, Some of
SSU’s customers, however, may perceive a disadvantage from not having
a constant price. A constant price makes it easier for customers to budget
for their water bill.

To minimize this perceived disadvantage, the WNC was specifically

designed to minimize its volatility from month to month. That was the

17
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reason that SSU decided to only collect one-twelfth of the WNC
outstanding balance in each month. 1 believe that any perceived
disadvantage is more than offset by its advantages as stated previously.
IS THERE PRECEDENT FOR THE WNC?
The WNC concept originates from the fuel-cost adjustment charge (FCA),
purchased gas adjustment (PGA) and weather normalization adjustment
clause pass ihrough mechanisms commonly used by electric and gas
utilities. The objective is to make automatic adjustments to rates -on a
predetermined basis. |

There are several criteria fo.r conditions warranting an adjustment
mechanism including (1) the need for rapid rate adjustments to avoid the
time lag often inherent in the normal regulatory and rate-setting process,
(2) the adjustment must be based on easily and separately identifiabie
factors, and (3) the factors upon which the adjustment is based must be
significant, unpredictable, and outside the control of the utility. SSU’s
case meets these criteria. An adjustment mechanism seems ideal for this
situation.
DOES THAT CONCLUDE YOUR TESTIMONY?

Yes, it does.

18
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“Publications”
“Turf Audit Water Savings,” with Christopher Dundon, Northern California Turf & Landscape
Council Expo 1995, January 1995.

- “New Directions in Mapping Demand Curves,” with Jay W. Yingling and Marvin Winer,

submitted for publication in Water Resources Research,

“Residential Water Price Elasticities in Southwest Florida,” with Jay W. Yingling and Marvin

Winer, Proceedings of Conserv 93, December 1993.
The Water Conservation Manager’s Guide to Residential Retrofit, contributor, American Water

Works Association, 1993. '
“Water Conserving Connection Fees,” with John O. Nelson, unpublished 1992.

“Water Reductions From Residential Water Audits,” Water Resources Bulletin 27(6), 1991.

“Water Use Reductions from Retrofitting Indoor Water Fixtures,” Water Resources Bulletin
26(6):921-926, 1990.

“Generating Water Demand Curves for Single Family Homes,” presented at the 26th Annual
Conference of the American Water Resources Association, November 1990.

“Calculating the Water Use Reduction Resulting form Water Fixture Retrofitting of Single-Family

Homes in Seattle,” Proceedings of Conserv 90, August 1990.

Dajly Municipal Water-Use Model: Case Stu mparing West Los Angeles, California, and
Fairfax County, Virginia, Ph.D. dissertation, Johns Hopkins University, 1988.

Itiobjective Reservoir Operations Using Forecasts of Water ly and Water , with JLA.
Smith, S. Schartz, and J.J. Boland, U.S. Geological Survey Report,1987.
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Southwest Florida
Water Management District

2379 Brood Street (U.S. 41 South) Brooksville, Floridg 34609-6899
Phone (904) 796-7211 or 1-800-423-1478 SUNCOM 628-4150
T.0.D. No. only: 1-80G-231-6103

May 4, 1993

ﬁear Interested Person:

Per your request, please find the enclosed copy of
"Definition of Water Conservation Promoting Rates®

' prepared for the Southwest Florida Water Management

Distriet (SWFWMD) by Brown and Caldwell Consultants.
We feel that the consultant did an outstanding job .and
hope that you will find the resulting product useful.

. The intent of this project was to provide guidance to
utilities in developing water conserving rate
structures that woulé satisfy regulatory requirements,
and provide the District with the means of guickly
assessing whether a rate structure would be effective
in prémoting water conservation. The criteria
contained in the report are only recommendations made
by the consultant. . ’ .

To become effective and supplant the current "Interin

- Minimum Requirements for Water Conserving Rate

1991), would reguire approval- by
There are no plans at this time
If you represent a public or

in the SWFWMD, we would regquest
that you complete the dquestionnaire in the report and
tell us whether there are any problems with its format,
and what, if any, problems your utility may have in

Structures' (December
our Governing Board.
to request approval.
private water utility

- complying with such criteria, if adopted.

Again, thank you for your interest. This is the first
of three work products under our contract with the
consultant. A report on residential and commercial
water price elasticities in the SWFWMD, and a computer
rate model for water conserving rate structures should
be completed by July 1993. If you should have any
questions about any of these, please call.

incerely, .
Yy W. YIrgling

Senior Economist
Planning Department
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2, | ERRATA SHEET

Page 6-3, Table 6-2

The last sentence iz itern 1B. noder Discussion should read "Seasonal rates (see
1C. below) would also promote more water conservation than nonseasonal

uniform rates.”
Appendix D

Please disregard Figure D-11. The WCRWSA Section 2] Wellfield can supply ‘
many utilities through an interconnected system. Therefore its pumping schedule
is not representative of the demand for a single utility service area. This graphic
was included in error.
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Southwest Florida Water Management District

Project Management

Jay W. Yingling, Senior Economist, Planring Department
wish acssamer by
C. Don Rome, Economist, Technical Services Department
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The Southwest Florida Water Managemenr District (District) does not discriminare upon the
basis of any individual's disability status. This non-discrimination policy involves every
aspect of the District’s functions including one’s access 1o, participation, emplaymens, or
trearment in its programs or acrivities. Anyone requiring reasonable accommodarion os
provided for in the Americans With Disabiliries Act should contact Ms. Pary Mcleod o

(904) 796-7211 or 1-800-423-1476, extension 4400; TDD ONLY 1-800-231-6103; FAX (90<)
754-6874/Suncom 663-6874. B
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CHAPTER 1

INTRODUCTION

The water vtilities within the Water Use Caution Areas of the Southwest Florida Water
Management Diswict (District) are required to adopt waier conservation-promoting rawes by
January 1, 1993, To assist the waler utlities in meeting this requirement the District hired
Brown and Caldwell to perform the following tasks: ’

Task 1: Define V- ater Conservation-Promoting Rates.

Task 2: Develop a Customer Class Frofile Data Base, Estimate Water Demand
Models, and Estimate Price Elasticities. '

Task 3: Develop @ Computer Model Which. Can be Used by the Uiilities o
Deiermmine the Impacts of Aliernative Conservation-Promoting Rate
Structures on both water use and revenues from water sales,

This report documents the results of Task 1. The purpose of Task 1 and (his report is 1o
defing ¢ORSErvalion-promoling rales in a manner such thai the water viilites and the District can
easily determine if such rates have been adopted. This chapter summarizes the objectives of
waler rates in general, the criieria used to define conservation-promoting rates, and the methods
used 10 measure whether a utility satisfies these criteria.

Chapters 2 through 5 of this report present the criteria and associated guidelines which
define conservation-promoting rates. Chapler 6 sumrarizes the criteria and associated guidelines
in a "Go/No Go” format which allows both the water utilities and the District to easily determine
if the rates qualify as conservation promoting. Under the Go/No Go forroat, the guidelinz:
associated with those criteria, which are the most effective in promoting water conservation must
be sauisfied by January 1, 1993 (unless the utility qualifies for 2 defined exemption) and within
2 years (January i, 1995) all the guidelines roust be satisfied {there will be no exemptions). A
weighting system which can be used by the water utilities and the District as an allernative o
the Go/No Go format is summarized in Chapter 7. Whether the Go/No Go formal or the
weighting system is vsed, 2 questionnzire 1o collect the necessary data from the vulities is
presented in Appendix A. The review of the stale and county regulations governing the adoption
of water conservation-promating rates is contained in Chapter 8.
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Water Rates {n General

Changes in the design of waler utlity raizs may be undertaken for a variety of rearins.
In order to discuss the possible effects of raie” design changes and the criteria which define
conservation-promoting rates, it is helpful 1o distinguish between rate strucmure form, cost
allocztion, and rate revenue level issues. Cormmunication of rates and water use on the water bill

is also an important, but often ignored, mader.

Rate Structure Form. Rate structure form refers to the fixed and variable charges used
to collect revenues. The fixed charge is a set fee that each customer must pay per billing period
_regardless of the amount of water used. Typically, the fixed charge recovers the costs of meter
reading, billing, meter maintenance, and other customer related expenses nol direcdy related 1o
water consumplion. In addition, sorme wiilities include all or a portion of fixed capacity-related
costs in the fixed monthly charge. Customers with larger meters ofien pay a higher fixed charge.
The variable charge, in contrast, is the price paid for a unit of watar (e.g., 1,000 gallons). There
are two general typas of variable charges: uniform and block. A uniform rate seis the same price
for all vnits of water sold. A block rate charges a customer a different price for increasing
increments of water use during a billing peried. Under 2 block rate sqructure, the price can eithizr
rise (inclining block rate) or fall {(declining block ratz) in successive blocks. Uniform rates can
also be stasonal if the value of a unit of water varies by season. Time-dependent pricing i$
widely practiced in our economy-—especially with capital intensive industries such as airlines,
hotels, telecommunications, and encrgy.— Chapier 2 presents the water consarving guidelines
associated with the rate structure form criterion.

Cost Allocation. Cost aliocation concems the apportionment of total costs (revenus
requirernents) o the fixed and variable charges. In one extreme, ali costs could be coliected
through a fixed charge. On the other extrerne, 2ll the costs could be collecled via a quaniry
charge. When considering the multiple objectves involved. in ¢zvelopins water rates {10 be
discussed in the next section), water utilities strive 10 find the best comtination of fixed anz
variable charges. Chagpier 3 provides the waler conservation guidelines associated with the
allocaion of costs 10 the fixed and variable charges criterion.

Rats Reverue Level Rate revenve level is defined as the towl revenue derived from
user charges. In most cases a water utility operates on a financially independent basis-—-all
revenue requirements are derived from user charges or other defendable fees {e.g., connection
fees, penaliies, deposits, interest earned, eic.). Utilities could, however, derive revenues from
external sources such as transfers from the general fund, the improper use of connection fes
receipts, etc. In some states, a pordon of water uility revenve requirements (debt service) arz
someL Des met via proparty taxes. Because exizmal revenues can significantly lower the waizr
conserving price signal transmined 10 customers through water price, guidelines limiung exlemsz!
sources of revenue arz presenied in Chapter 4 (sources of revenues criterion).
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Communleation. Comrunication of raie information and water use on the water bill is
also a very important issue. If the customers are informed about the price of water and how
much they have used, they are more likely o0 respond to the pricing signal and use the resource
efficiently. Om the other hand, if the utility has not communicated the rate structure and water
use 1o ils customers in a timely manner, water conservation may not be maximized. Chapter 5
provides the waler conservation guidelines associated with the rate structure and waler use

communication criterion.

Objectives of Wau‘r Rates

Selection of rate structure form, cost allocation basis, and rate revenue level are the thres
primary decisions that a uwility has 10 make when developing water rates. Each can have
significant ramifications from the perspective of the utility and its cusiomers. As a means of
comparing different ali=rnatives, i1 is iroportant 1 keep in mind the principal objectives of waler
rate developroent as listed below:

1. Revenue Sufficlency: Rales are set so that a ulility recovers the costs incurred in

providing wawer service. This includes ongoing operation and mainiznance -

expenses, capital costs, 2s well as the costs necessary to comply with the District’s
permit condidons (i.e., required per capita reductions, improved water use
classification accounting sysierns [0 meel reporiing requirements, reductions in
vnaccounted for water, and investigation of reuse and desalination as appropniate).
Because prices moust be szt in advance of actual ccsts and aciual water usage, an
element of uncertainty in revenue sufficiency arises as future costs and water use
are noi known exactly. Any rale structare can be set 5o as to achieve the
required rate revenue level for revenue sufficiency if both costs and water use ar
known. However, different rale structures vary in their ability to be revenue
sufficient when assurned conditions change. Weather and economic activity are
examples of factors that can dramalically affect water use levels and consequenty
revenuve sufficiency.

2. Revenue Stability: A companion objective to revenue sufficiency is revenue
stability, The form of the rate strucnure detsrmines how stable revenues will be
with respect 1o water use, and thus with respect to changes in weather, price, and
economic activity which affect water use. A flat monthly {ixed charge obviously
provides for the most stable revenue strearn. For example, under such a rate
structure, very wet or very dry conditions (although impacting water use) will
have no iropact on revenues. Such rates, of course, do not encowsage conservaiion
and are not equitable in that those who use smzll amounts of water subsidize those
who use large amounts of water. Conversely, seasonal rzies (rates employing a
relatvely soall fixed monthly charge together with both off-peak-period and peak:-
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period quantity charges) with the peak-period quantity charge significandy
exceeding the off-peak-period quantity charge can iniroduce uncertainty in the
revenue soeam. For example, an unusually wet peak season can result in =
significant reduction in waier use, and thus 2 significant Jecrease in revencer.
Aliernatively, an vnusually dry peak season (without accoropanying water use
restriction) can result in both increased water use and revenues. Seasonal rates,
however, are betler at encouraging conssrvalion and are more equitable in that
they not only recover cost in proportion to use, but alse in accordance to when the
uge occurs (peak or off-peak). :

3. Economic Efficiency: Water price has an iropact on the economic efficiency with
which customers use water. Price relays the scarcity value of water so that waler
consumption is encouraged when benefits exceed costs and discouraged when
costs exceed benefits. While the rate revenue level has some influence on this,
it is primarily rate ryuciure form and cost allocation basis which create incentives
for customers o ugz more OF less water, or 10 use water more sparingly it seist
periods than in others. Carefully designed incentives con alter load patterns in a
way that significantly reduccs the cost of suppiying walsr.

4. Equity: With respect o waler rales, equity is defined as cost-of-service equity.
Achieving cost-of-service equirty requires the development of raies which are cost-
causative. That is, equity is maximized when each customer’s water bill equals,
as closzly as possible, the cost bome by the purveyor in providing that sérvice.
The principal is nondiscriminating in that it only considers the cusiomer’s waler
use characteristics (often meter size and water consuroption) in calcuiating waler
bills. This objective is determined by rate structure form and cost allocation bacis.
Proporional sharing of cosis among customers is unaffccied by the rate revenus
level

5. Accentanca: It is mporiant tnal water rates are reacdily understood and eccepted
by waier cusiomers. Although the rate revenue level has some irapact oa this,
experience shows that it is principally rate strucrure form and cost 2llocztion basis
which cause cusiomers to conclude whether or not rates are fair and eguitzble, or
that the way in which they are be billed is or is not comprelansible.

- Rate strucrure form and cost allocation basis are the primary factors in four out of the five
waler raie objectives. Only revenue sufficiency is accomplished primarily through changes in
the rate revenue level. The other four objectives are imporiant to virtually all water utilities, yet
changes in raie structure to accomplish these ends are rasely contempiated. Rate strecivne form
and cost allocation basis zre powerful manzgement tools, oficn ignored in the interest of
continuity and a :aistaken reliance on the imporance of precedent
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As is obvious from the above discussion of rate objectwes these objeciives are often
conmcung M&mmmmmmmmw
185,

'I'hxs does not mean that we fesl that the objccuve of revenue stabiliry, for example, is not
important. Itis important, However, conservation-promoting rates can be implemented together
with the establishment of a reserve fund and the proper level of working capital so that the risk
of revenue insufficiency is minimized even for seasonal rates with large price differences

between seasons.

Conservation-Promoting Rales

One additionzl objective of waier rates is the promotion of water conservation. Not
everyone, however, has the same definition of water conservation. Since the term first became
widely used more than a decade ago, the title "water conservation” has been applied to activities
as diverse as building dams, cloud sesding, xeriscape landscaping, retrofiting homes with wate:r-
efficient 1oilets and showerheads, and even advice on tooth brushing habits. To understznd the
concept of waier conserving rale structures, it is necessary to clanify the meaning of waier

conservaton.

One widely used definition was adopted by severz] Federal agencies in the late 197075
(Baumann, 1964). It simply states that water conservation is brought about when (1) a reduction_
in the use or loss of water occurs, and (2) the reduction must be, on balance, beneficial. For
a reduction to be beneficial requires that benefits (which may accrue to customers, the utility,
or the community as a whole) must outweish the costs (which include loss of use and
inconvenience). This is synonymous with the economic efficiency objective. A reduction in
water use which is not beneficial fails the 1esi because it is inconsistent with the principal of
conservation of 2!l scarce resources.

Definition of Conszrvaticn-Promoting Rates. Changes in rate structure form, provices
they are not accomplished by intreases in the rate revenue level (total revenue derived from user
charges), have the virue of avoiding the possibility of nonbeneficial changes in waler use. In
this situation, the total amount paid by all cusiomers does not change if their waler use patterns
do not change. If some customers reduce use as a resuit of incentives provided in the rate
structure, it is because ir is beneficial for them to do so. In comparison, the water rates
resuling from the mere doubling of the prior rale revenue level does not constitule 2
conservation-promoting event. Although water use will very likely decrease, the total amouni
recovered from ali customers will very likely increass.

Therefore, a conservation-promoting rate structure is one which resulls in a net reduction
of waler usc solely due to the economic incantives conwined therein, when compared 10 other
rale siructure alternalives. Such 2 rate structure can only benefit water users waken 25 2 whole,
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The udlity should te indifferent to this reallocation, provided thal it continues to ser its revenue )
requirements in the same way. To determine whether a conservaton-promoling rates are in

effect, a set of subjective criteria must be established. The criteria selected to defin: !
conservalion-promoting rates are presented in the next section.

Criteria

Four criteria were selected o define conservation-promoung rawes based on our rate
development and water conservation experience. These four criteria are lisied in the following
table. )

Table 1-1 Criteria for Conservation-Promoting Rates i

Critzria Descripion 1
1--Rate Swucture Form Type of rale srucwwre (j.¢., uniforrs quantity charge, inzlining biock
quaniity charge, seasona) gquantily chasged.
1-Allocalicn of Cosis w Fixed and The ponioo of the et reveoue requirements allocatad w the fiaed and 5
Variable Cbarges variable components of tbe rate struclure (e.g., $ervice charge v. guontty
charge). Net reveous reguirements e the opration and maintenance -
expenses and capital costs 0 be recovered from rates. )
3--Sources of Uhility Revenves . The portjon of tbe oL} revenue requirements recovered TOIn razes as

compares) (o other sOurces of reveoue {e.2.. tax receipts, wm-0o fees,
and impary fexs).

4--Commuonication of Raes and Water | Communication 10 1b¢ customets about the rates and their waier use,
Ure o

R

Muthods Used to Measure if the Criteria are Satisfied. In Chapters 2 through 5 of this
report, specific guidelines are developed for each of these criteriz. The guidelines are used to
define the conservavion-promoling components of ezch criterion. Supporting discussions are
provided for each of the guidelines as well as exemptions (when warranied}. For example, 2
guideline for rate strucrure communication (Criterion 4) would be the use of monthly or
bimonthly billing in which the amount of water consumed, (compared to the same period in the
previous year andfor the average for the previous year), and the rates charged are clearly
presented. Monthty or bimonthly billing is necessary 1o provide the cusiomer with uroely
information on their waler use and water rates. An exemption for this guideline might be the fact
that the utility is required by a pricr agreement 1o bill in a different manner or less frequenty.
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fact that the utility is required by a prior agreement to bill in a different manner or less
frequently.

Chapter & provides a summary of all the criteria and the associated guidelines that wili
be used to determine if a uglity's rates are conservation promoting under a Go/No Go format.
That is, the guideiines arc either satisfied or they are not. Initially we recommend that only
those guidelines which are the most effective in promoting water conservation need to be
satisfied in order for ratss to be defined as conservation promoting. However, within 2 years
al! of the guidelines need to be satisfied. For example, a utility may have what we have defined
as a water conservation-promoting rate structure form (Criterion 1), but if an insignificant
portion of the costs are allocated to, and thus recovered from the variable charge (Criterion 2),
there will be little or no conservation. Therefore, the guidelines for Criterion 1 and 2 would
initially have to be satisfied for the raies io be defined as conservation prometing. The
guidelines which should initally be satsfied under this Go/No Go format are identified in

Chapter 6.

Chapter 7 provides a weighting system for the criteria and guidelines which can be used
2s an alternative to the Go/No Go format summarized in Chapter 6. The weighting sysiem is
subjective, but as discussed in Chapier 7 a weighting syslem may provide a better indication as
to whether a rate structure is conservation promoting under certain conditions. Whether the
Go/Ne Go format or the weighting system is used, certain data must be obtained in order 1o
determine if the criteria are being met. A questionnaire is presented in Appendix A to identilv
the necessary daa 10 be collected from the utilities.

For each of the criteria, guidelines are 2lso presented for sewer utilities to acknowledze
the rc]anonshxp bcrwc...n water use (mdoor use) and wastewater dlscha.rge Hch\ er, ihe
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CHAPTER 2

RATE STRUCTURE FORM-CRITERION 1

The form of the rate structure is an important parametsr in establishing water conserving
rates. A rate stucture censists of fwo general components: a fixed service charge and a quantty
charge. The fixed charge is coliected each billing pericd and does not depend on the amount of
water used. Typically, the fixed charge varies with meter size. On the other hand, the quantity
charge represents the price paid for each unit (e.g., Cef or 1,000 galions) of water consumed.
If a customer has both an irrigaion and dornestic or commercial meler the quantity charge would
be levied on the sum of the water use from each meter. Water utiliies generally employ two
types of quantity charges; uniform or block. There are a number of variations of these 1wa types
of quantity charges. This chapter describes the guidelines relzied to both waler and sewer
quantity charges. The level of the fixed charge is covered in Chapter 3.

Water Utility Guidelines

The first guideline prohibits declining block water rates, Daclining block rates cavse 2
customer to pay a lower water price with increasing blocks {(increments) of waier use during 2
given buling period. Allernatively, water agencies must employ either uniforrn or increasing
block rates. Uniform rates consist of 2 single price (8/1,000 gallons) appliéd 1o all users for all
water use. Uniform raies can be seasonal. Increasing bliock raies have the effect of charging
higher prices for higher blocks of water use. ‘

The usval rationale for declining block rates is that large commercial and industrial water
users usually have favorzble Ioad-factars {the ratio of peak use 10 average use is low relalive 16
other customer classes) and hence should be charged less. The ‘use of declining bleck raies are
one means of accomplishing his objective. A major disadvantage of declining block rtes,
however, is that they perform poorly in sending 2 price signal that encourages cuslomers 1o use
water efficiently. Another disadvaniage is that some large customers may have a strong seasonal
water use patiern (Jarge ralio of peak 10 average use), and therefore, do not deserve a lower price.
I custorser rate equity (as deiermined by a customer's contribution 10 use during the peak
period} is a major concern o a water utility,  vniform quantity charge which varies by season
would be superior in addressing this concern. 1t would not only provide a more equitable means
of providing raiz relief 1o Jarge nonseasonal customers, but would also provide a betitr price
signal 10 encourage waler conservalon.

Inclining block rates have become more popular in recent years and are commonly
promoted ag waler consarving rate structures. With inclining block rates, three issues need 10 be
addressed for each rlass of costomers: he number of blocks, the siza of blocks, and the price of
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each block. Unfortunately, there is often linle objective bases for making these decisions.
Moreover, water is used by a diversity of customers for a diversity of usas which change over
time. This grealy complicates identifying homogencous block rate classes (especially
nonresidential custorners) or establishing blocks based on historical usage. As a result, block
rates are somewhat arbitrary and could be subject to challenge. From a pricing standpoint,
inclining block rates penalize customers for using a unit of water in a higher block, but they do
not correspondingly reward custorners in Jower blocks for saving & unit of waer. For example,
a reduction of one unit of water use in the second block may save $3, while a custorer saving
a unit in the first block may save only $1. For these reasons, inclining block raies may not
necessarily be superior to uniform rates, but are acceptable under this guideline.

The second guideline requires seasonal rates for utilities with highly seasonal water use
unless they meet the District's water use reduction requirements via inclining block rates or
nonseasonal uniform rates, However, if average daily water production in the psak season
exceeds that in the off-peak ssason by more than 50 percent, a seasonal quantity charge shouid
be adopted. The pexk season is defined as the four continuous months with the largest water
producticn levels bazed on the last 3 years of water use records. The off-pzak s2aron includes
the remaining 8 calendar monihs of the year. The differential in water price betweeTi the twe
seasons shall be based on standard praciices articulated in (AWWA Watzr Rates Manwal, 1991).
If meter recording for billing purposes is currendy completed at time intervals greater than once
every two months (e.g. quarterly), seasonal rates do not have to be implemented iniually.
However, within 2 years the utlities are required to implement monthly or bimonthly billing (se2
Chapter 5) and thus seasonal rates would have to be implemented at that ume.

The superiorizy of seasonal quantity charges over nonssasonal uniform or inclining block
quantty charges siems from that fact that most water agencies incur a significantly higher cost
in supplying 2 unit of water during the peak season. This results from the fact that when water
demands are distincty seasonal the water sysier facilies have 1o be sized to meet this peat
seasonal demand. As a resull, cosis relzied to facility size (capital costs such as debt service angt
cerain size related crerntion and mainlenance cxpenses such as maintenance and replaceme:
expenses or depreciation) can be wraced direcily 10 the need 1o have peak: season eapacily, anc
should be recovered in the poak season quantity charge. However, during the ofi-p2ak seasor,
a portion of the capaciry dictated by and provided for peak season use is used and thus a poricn
of these capacity (size) relaied costs could be included in the off-peak season quantity charge.
The variable costs (power, chemicals and purchased water, if appropriate) would be recovered
throughout the year and thus included in both the off-peak and peak season quantity charges.
Because the capacity related costs 10 meet peak demand are usually higher than the capacity
related costs 1o meet average or off-pezk demnand, the unit cost of water (the quantity charge) in
the peak season is usually higher than the unit cost in the off-pezk season. As a consequence,
customers will pay 2 lower quantity charge during the defined 8 month off-peak period and 2
higher quantity charge during the defined 4 month peak period.
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q_—"\. As an example of the possible impact of such a rate structure, consider the case of
¥ alizrnative cosi-of-service based raie structures recently developed by Brown and Caldwell. Two
quantity charge rales structure alternatives were developed (the fixed monthly service charges
were the same under both allernatives). One alternative was a nonseasonal uniform quantity
charge of 50.38/Cef. The second allernative was an off-peak season quantity of $0.26/Ccf
combined with a peak season quantity charge of $0.46/Cef. Consider the impact of this seasonal
rate struciure on three residential customers: (1) the average customer who uses 10 Cef/month
during the 8-month off-peak season and 26 Cef/month during the 4-month peak season; (2) the
custorper who uses 12 Ccf/month during the 8-month off-peak season and 36 Ccf/month during
the 4-month peak season; and (3) the customer who uses 12 Cef/month during the 8-month off-
peak season and 48 Ceffmonth during the 4-month peak season. The impacts are summarized

in Table 2-1.

As shown in this table the average residentizl customer (whose peak season monthly us2
is 2.6 times off-peak season monthly vse) actually receives an 1.8 percent reduction in the
quantty charge portion of the bill under the seasonal rate swrucrture alternative. The annual cost
of waler remains the same for the high peak season vser (peak use is 3 umes off-peak use} and
increases by 3.5 percent for the very high peak seacon user (peak use is 4 uimes off-peak uss).
The raies were designed to be revenue neuiral over all users giving consideration 10 use
reductions during the peak period resuvlting from the price increases associated with the seasonal
rate structure aliernative.

-y Most nonseasonal users would pay less under the above seasonal rate altemnative.
; Charging cusiomers the seasonal unil cost will likely promole water conservalion.

The implementation of seasonal rates will mean that the water bill will significantly
increase during the peak season (February throvgh May for most vilities) and decrease duning
the off-peak season. If seasonal rales are adopied, this should be communicated to the uility’s
customers.  In addidon, the udlity will have to adjust its working capital requirements (0
comespond 1o the changes in cash flow resulting from the adoption of seasonal rales and may.
have to establish a reserve fund in order to be prepared for unandcipated flucivations in wuler
use.

Obviously, the design of both inclining block rates and seasppal rales reguire the
definidon of block thresholds and block rate levels (in the case of inclining block raies) and
seasonal prices (in the case of seasonal rates), As we will elaborate on in Chapier 7, block raes
will differ litde from nonseasonal uniforrn rates if the first block threshold is set 50 high such
that very few cusiomers and thus, very liule water vse is assessed the higher price in the second
block. For examople, if the average monthly single-family water use in a community is 10 cnits
(¢.2.. 1,600 gallons) and the block threshold for the second (next) block is defined as 50 unis,
very liide single-family customer water use will be assessed the second block price. As a
consequence, even if the price increass between blocks is large, the impact on use will be small.
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Table 2-1 Impact of Sensonal atz Structure

Monseasonal whifonm quantity Tharge Scasomal quantity charge Dilference
Off-pek Pea’s Tot2l annual Off-peni Pok Total annual
revenucs, revenaes, revenues, revenues, | rovenucs, revenucs,

Description doliars dollirs dollars dullars dollars dotlars Dollars Percent
Average user 10.40 39.52 69.92 20.80 47.84 68.64 <1.28> <! B>
High pesk season usee 16.4R 54.72 91.270 U.96 66.24 91.20 - -
Very high peak season user 16.4% 1296 100 A4 1 1496 BR.32 11328 384 15
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Similarly, if the price level of the second block is only slightly higher than that of the first
biock, regardiess of the block size, there will be litde impact on water use. For example, i in
the same community s siied in the above example, the biock threshold is established at 10 units
(rather than 50 units), but the price increase between blocks is only 5 percent (say $1/unit in the
first block and $1.05/unit in the stcond block) the impact on use will be neglipible. As a
consequence, we offer the following guidelines with respect 1o designing inclining biock and

seasonal rates:
Indlining Block Rates:

1. There should be differant block thresholds for each customer classification (single-
family residential, commercial, indusirial, irrigation, etc.)

23 The threshold between the first and second biocks for a given customer
classification should be egual to or less than 125 percent of the averzge water
usage for that custorer ¢lassification. Although inclining block rates can be
comprised of more than two blocks (although it is rarely necessary), guidelines are
established based on oniy the first two blocks.

3. The size of the second block shoutd be at least equal to the size of the first block.

4. The price of the second block should be at Jeast 125 percent of the price of the

first block,
Seasonal Rates:

1. The seasonal rates (quantity charges) should be applied during the 4-month period
of highest water use {for the utility as & whole). .

2. The price of water during the peak season should be at least 125 percent of the
price of the price of water during the off-peak season.

A variation of the more tradional inclining block rate sirucrure is an inclining biotk rate
structure in which the second block is only levizd on water use during the peak water use 52asan.
This type of rate structure is Typically called a seasonal surcharge rate suvcture and is usually
assessed on some percent of waler use over average use. This type of structure is merely an
inclining block syucture applied only during the peak season. As with the more uaditonal
inclining block. rawe structares, a definition of biock threshalds 2nd block rate levels is required.
The guidelines for the development of a sezsonal surcharge rate stucture would include both the
guidelines for inclining block rates and seasona] ratas as presented above. This includes the
requirernent that the block threshold berween blocks be equal to or Jess than 125 parcent of the
average use for the customer classification rather than equal to or Jess than 125 percent of the
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average use for individual customers. This will prevent users with high average use (who may
wasiz waler year-round) from having a significant portion of their peak season use escaping the

surcharse.,

Seasonal Water Use

In the Southwest Florida Water Management District service area, it is clear that peak
usage occurs in May. An analysis of tolal pumpage daw for the District indicates that there is
a large peak in usage in May, which is clearly weather related (because it corresponds to a peak
in nét irrigation requirements). In addition, there is 2 rminar peak (clearly less than the major
peak in May) in October. This minor peak also corresponds to an increase in ‘met irrigation
requirements, As a consequence, this minor pezk is also, at Jeast pariially, a result of weather
conditions. In some service areas, it is our understanding that there is 2 large influx of par-time
residents in the Jaie fall and early winter ("snowbirds®). These pan-time residents may also
conltribule 10 the minor peak. As a consequence, in order to equitably recover the cost of service
forrn these part-uime residents, water utilities with population increases during the late fall/early
winter of 20 percent or rore may employee seasonal rates during this peak or during both the
fall and spring peaks. A detailed discussion of seasonal fluctuations in gross water pumpage is
presented in Appendix D,

Sewer Utility Guidelines

The guideline regarding sewer rate structure form reguires the guantily charge 10 be
wniforrn. This uniform rate can vary by custorner class because of differences in the quality of
the discharge. Restaurants, for example, have been found to have much higher biochemical
oxygen demand and suspended solids 1oadings per gallon of discharge than resicental cusiomess,
and hence, should pay 2 higher price to reflect the higher costs of treatment.  Furthermore, since
wastewater discharge is not as seasonal as water use, Lhe need for block or seasonal type raes
is minirpal.

Because sewer customers rarely have their wasiewater discharge mewered, utilities usually
base the sewer charge on walter use, A problem arises, however, as some waler uses, such as
irrigation, do nol renwn waler to the sewer. For customers with significant imigaton, a vtility
can limit the amount of water assessed the sewer charge based on what can reasonably be
expected 10 be usad for indoor purposes. Many utilities limit single family. customers to around
10,000 gallons/month. Most commercial, industrial, or institutional customers with large
irrigation requirements are ofien given the opportunity 10 insiall imigaton meters whose water
use is nol assessed a sewer charge.
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= The guidelines established to determine whether the utility's raw stucture form is
‘ conservation promoting, are presenied in the Tables 2-2 and 2-3. The guidelines for waler
viilities are presented first followed by the guidelines for sewer utilities.

Under the Go/No Go format discussed in Chapter 1, the water utilities have to initially
satisfy those guidelines which are the most effective in promoting water conservation (unless they
qualify for stated exemptions} in order for their water rates to be defined as conservadon
promoting. The guidelines which have to initially be salsfied are indicated above. Within
2 years al] of the guidelines for water wiilities will have 1o be satisfied. The guidelines for the
sewer utilities do, not have to be sadsfied for z water ulility’s rawes to be defined as waler
conservation promoung.

The water utility guidelines presented above will be summarized in Chapter 6 to
delermine whether a water ulility’s rates are conservation promoting under the four criteria when
measured using the Go/No Go format. A weighting sysiem is also presented in Chapter 7 as an
alternative to the Go/No Go formaL The data to be collected by the uulides, to identify the rae
structure form, are specified in the questionnaire in Appendix A,
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Table 2-2 Water Utility Gridelines
Rate Structure Form-Criterion 1
Sausfy Guideline Exemption Discussion
Yes () 1A. Water ageneies with 1A. Noge. 1A, Declining block rates do
either flat rates {do not Dot encourage customers
Ne () vary with water use) or - to use waler efficiently.
declining block mtes shall Although incliniog block
Initally adopt either uniform rates are commmonty
Required (conseasonal or seasonal) promoted 2s walter .
or inclining block rates. conserving rale siructures
they are not necassarily
superior to umiform rates
and thus both are
2ccepted for this
guiceline.
Yes () 1B. Water utilities with 1B. If the use of 1B. If developed in
ponssasons! uniform nonseesonal uniform accordance with the
No{) quantity cherpes shall quaotity charges parameters defined io the
adopt either inclining meets the District’s "1B." guidetine, inclining
Loitialty blocks or seasonal ralss waler use reduction block rzies are more
Required (see 1C. below). requirements and the copservation promoting

Inclining block thresholds
and quantity charges shali
be different for each
customer classification.
There shall be at leas: nwvo
blocks and the threshold
between the first and
secocd tlocks for a given
customer class shall be
equal to or Jecs thao the
125 perceat of the
average usage for that
class. The size of tbe
second block shall be
equal to or greater than
be size of the first block,
and the price of the
second block shall be at
least 125 percent of the
price of the sacond block.

average caily waler
production in the
peak scason excesds
thar of the off-peak
seascn by 50 percent
or less (see 1C.
guidelines below).

thap nooseesonal unitorss
rales, Seasopal rates (ses
1C. below) would also
PromoLe more waier
cooservation thin
nonsezsonal uaiform
rates.
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Table 2-2 Water Utility Guidelies
Rate Structure Form—Criterion 1 {continued)
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Satisfy

Guideline

Exemption

Discussion

Yes ()
No ()
Required

within
2 years

1€, 1f averzge daily water
production (mgd) iz the
peak scason exceeds that
of off-peak season by
more than 50 percent, a
seasonal quaptity charge
should be adopted. The
quantity charge in the
peak sezson shall-exceed
the quantity ebarge m the
off-peak sesson by at leas:
5 percent.

1C. - If meter reading for
billing purpases is
completad at time

" intervals greater than

once every two
months (e.g.,
quanierly), This meter
reading exemption is
only valid for 2
years. If utility bas »
population increase of
greater thag
20 percent in the
fallfwinier season, 1t
may assess peak rales
during this fall peak
and/or the spring
peak.

1C,

Most water agencies
iscur a significantly’
higber cost in supplying 2
upit of waler during the
peak season. Passiog on
1he seasonal unil cost o
customers can
significantly improve tbe
waler conserving
practices of customers.

Table 2-3 Sewer Utility Guidelines
Rate Structure Form--Criterion 1

Satisfy

Guidelipe

Exemption

Diszussion

Yes ()

No ()

1A. Sewer agencies art
required 1o have uniform_
quaniity rates,

1A. The amount of water
assessad the sewer
quaglity charge may
be limited.

LA,

A limit is warranted
when significant amounts
of water are not returned
o sewer (e.g.,
irrigation).
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i CHAPTER 3

ALLOCATION OF COSTS TO FIXED AND
YARIABLE CHARGES--CRITERION 2

A water utility may have in effect a rate structure form which is conservation promoting,
as defined in Chapier 2, but this rate structure will not promote water consarvation if the costs
allocated to and thus recovered from the variable charge (e.g., quantiry charge) are insignificant.
In this chapter, guidelines are established 10 determaine the portion of the costs thai should be
allocated o and thus recovered from the quantity charge component of the rate suructure. The
underlying economic principal.for this criteria is that the price of water should equal the true cost
of supplying water. Guidelines are developed for both water and sewer utilities to acknowledge
the relationship between water use {indoor use) and wastewater discharge.

Water Utility Guidelines

These guidelines are based on the results of Brown and Caldwell's cost-of-service based
rate studies (see Appendix B) and are intended to represant averages for cost-of-service based
rate studies in which one of the principal objectives was to promote the efficient use of water.
The preponderance of the utlities included in Appendix B, are California utilities. They are not }
included because they are California utilities, but rather because one of their major rale objectives
was 10 prorole conservaion.

The rates developed in Brown and Caldwell's cost-of-service based rate studies arc
designad 10 roeet the rate objectives presented in Chapier 1 {i.e., revenue sufficiency and stability,
economic efficiency, equity, and acceptance). As parl of the cost-of-service based rate
development, the costs (revenue requirements) to be recovered from raies are separated into thosz 2
which are water use dependent and those which are independent of water use. The revenus - A
requirements 1o be recovered from ralés are more appropriately termed net revenue requirements ’
because the revenuer from other sources (e.g., impact fees, interest income, penalies,
wrmn-on/turn-off fees, hook-up fees, eic.) have been subtracied from the total costs. Lmpact fees
(sometimes calied connecton fess, systern developroent fees, capacity fees, eic.) are fees assessed
new development to recover the cost of providing capacity 1o serve new connections and hook-up
fees recover Lhe direct costs of connecting a new customer fe.g.. the labor and materials for mewer
and service line installation). These fees are designed 10 recover the incremental capital costs
allocable o new applicants for service, Water rates, on the other hand, are designed to recover .
the cosis (both O&M expenses and capital costs) allocable 10 existing customers. N

Cost-of-service water raie studies typically allocate the net revenve fequirements 10 be
recovered from rates 1o the following parameters: fize prolection, custoroer, base water use, and
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peak water use. Fire protection costs are the capital and O&M cosis directly (hydrants) and
indirectly (storage and distribution system capacity) allocable to fire protection. Customer cosis
include the capital and O&M costs associated with billing, melers, and service lines. Base and
peak water use costs include the capital and O&M costs associated with providing water during
average and peak periods of demand. The fire protection and customer costs are independent of
use and shov'd be recovered via the {ixed monthly (or bimonthly) porion of the raizs. The
remaining net revenue requirements should be recovered via the quantity charge porton of the
rates. Water rate structures which have a fixed charge, that includes a miniroum amount of water
{minimum charge), usually result from the fact that costs that should be recovered from the
guantity charge have been shified to the fixed charge portion of the rate structure.

Sewer Utility Guidelines

Cost-of-service sewer rate studies typically aliocate the net revenue requirements 0 be
recovered from rates o the following parameters: flow, biochemical oxygen demand (BOD),
suspzndad solids (SS), infilrration/inflow (1), and custorcer. 1T costs are the capiwl and O&M
costs allocable 10 IT based on its proporion of the towzl-influent 1o the wastewaler reaiment
plant L7 costs are usvally recoversd over the nuraber of customers or flow depending on the
custorner mix. Customer costs include the capital and O&M costs associated with billing and
service lines {laterals). Flow, BOD, 2nd SS costs include the capital and O&M cosls associzizd
with the coliection, wreatment, and disposal of wasiewater. Far a sewer uility, the cuslomer costs
are independent of use and should be collected via the fixed monthly (or bimonthly) portion of
the rales and the remaining net révenuve requirements should be recovered via the quantity charge
portion of the raies. UT costs can either be recovered via the fixed or variable compenent of the
rate structure depending on the homogeneity of the cusiomers. 1 the customers are relatively
homgzenous then I costs can either be recovered via the fixed charge or via the quanury charge.
If the customers are not homogenecus (with respect to the amount of discharze) 11 costs sl.ould
be recovered via the fixed portion of the rate suucture.

The guidelines established 10 detsrmine whether the utility’s allecaticn of costs 10 the
fixed and variable charges is conservation prorooting, are presented in Tables 3-1 and 3-2. The
guidelines for water uilities are presented first followed by the guidelines for sewer uilities.
Lifeline rates for qualifying customers (e.2.. low income, elderly, and/or disabled) would be
exempt from the guidelines.

Under the Go/No Go format discussed in Chapter 1, the water wtilities will initially have
to satisfy those guidelines which are the most effective in promoting water conservation {unless
they qualify for the stated exemptions} in order for their water raizs 1o be defined as conservation
promoting. All of the water utility guidelines for this criterion have 10 initially be sausfied. The
guidelines for sewer vdlities do not have 1o be satsfied for a water utiliry’s rates to be defined
as waler COnservayon promotng.
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Table 3-1 Water Utility Guidelines
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Allocation of Costs to Fixed and Variablz Charges--Criterion 2

Excmaption

Discussion

Satisly Guideline

Yes( ) 2A. 75 percent or more of the
Dt rEvVeDUe requirehents

No{ ) are recovered from the
variable porion of the rae

Initially strucnwre {quantity charpe).

Required -

Yes ()} 2B. No minimum charge. A
minimpm charge i5 2 fixed

No(} charge which includes
SOmE WaLEr use.

Initially

Requires

2ZA%. Actual meter, service

1B,

 ipe, 204 billing costs

(fixed costs) are
preater than 25 percent
of Wb pet revenue
tequirertenls,

. Part-time residential

population ibcreass in
excess of 20 percent
$0 that 3 major shift
from fixed charge cost
recovesy 1o variable
charpe cost recovery
may result in an
inequity io the
recovery of costs for
residential customers
who only reside pan
time ip Southwest
Florida. In such casas,
only 65 percent or
more of e Del
revenue requirements
Dead be recovered
from be variable
porion of e raie
swucture (quantity
charge).

. Lifelite rates for

Qualifying customers,

Lifeline rates for
qualifying cusiomers,

24 This guideline is based oo
a review of cosi-of-service.
waler raie studies. The
More net reverue thal is
recovered from the
variable component of the
FalC strucrure the more
conservalion promoung.

2B, Minimum charges shift the
recovery of 2 portion of
the variable costs to the
fixed compooent of the
rae structure. This shift
reduces Lhe ponion of the
raz soucture which is
depetdsnt O waler use )
and thus reduces ihe .
ability 1 promote
COnservation.
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Table 3-2 Sewer Utility Guidelines )
Allocation of Costs to Fixed and Variable Charges--Criterion 2 l
Sausfy Guideline Exemption Discussion

Yes ()} 75 percent or more of We 2C1. Acmal billing, service This guideline is based ‘

DelL TEVEDUE requirements are lines (laterals) and U1 on 2 review of cost-0f-

No{) recovered from (be variable cosis arc grealer than service sewer rite

ponion of rawe stucture
(quantity charge).

C3.

204,

25 percant

. Residential raies are

fixed bul were
ipitially based on
average indoor water
use.

Quantity chargcs are
assessed large
dischargers
(commercial-md
industial uscTs
discharging more
1ban 30.000 gallons
per mooth) and zre
based o0 wal&r uss.

Lifelin: raws for
qualifyieg cusOmers.

studies. The more pet
revepue that is
recovered through the
variable portion of the
rale structure he more
coDServaLion pPromoting.
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£ Utilities that have hisworically recovered a significant portion of their costs from fixed )
S charges, and are now recovering more from variable charges, should establish a revenue
stabilization fund or reserve fund. A revenue stabilization fund will provide the required revenuve
when water use is Jower than expecied, thus allowing the utilities 1o achisve revenue stability
while at the same ume having water conssrvalion-promoting rates.

The water utility guidelines presented above will be summarized in Chapter 6 1o determine
whether the water ulility’s ratles are conservation promolng under the four criteria when
roeasured using the Go/No Go format A weighting system is presented in Chapter 7 as an
aliernative 1o the Go/No Go format in Chapter 6. The data 1o be collected by the utilities, to
identify the allocation of costs W the fixed and variable charges, are specified in the questionnaire

in Appendix A.
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CHAPTER 4

SOURCES OF UTILITY REVENUES--CRITERION 3

Whether we are discussing rate structure form (Chapter 2) or the allocation of costs o
fixed and variable charges (Chapier 3), the undeslying economic principal upon which these water
conservation rate criteria are based is that the price of water should equal the true cost of
supplying the water. Whether or not the true cost of supplying water is conveyed 1o the customer
is also dependent on the rate revenue level or the uiiliry’s use of other sources of revenues, That
is, if the rates which derive the utility costs are subsidized (by transfers from the general funvd
the improper use of impact fee receipts {to offset revenues o be collected via rates rather than
to fund new facilities for expansion), and/or taxes) they will not provide a true pricing signal to
the custorner. Int this chapter, guidelines are established 1o define the porion of the utiliry
revenues that should be recovered from rates, other defendable fees (e.g., impact fees, tun-on
fees, and hook-up fees), and interest income. As discussed in Chapier 3, impact fees are fees
assegsed new development 10 recover the cost of providing capacily to serve new connections and
hook-up faes recover the direct cost of connecting a new customer {e.g., the labor and materials
for meter and service line installation). Guidelines are developed for both water and sewer
utilities to acknowledge the relationship between water use (indoor use) and waslewaler
discharge.

The guidelines are based on a review of the budgets and financial staternents for utilities
for which Brown and Caldwell has conducted rate studies (see Appendix C) and are intended to
represent indusiry averages. The sources of revenue were categorized as operatng of
nonoperating revenues. Operating revences are the revenues from rates, impact fees, other fees,
and miscellaneous operaling fevenue as specified in the financial statements. Nonoperaling
fevenues are interest earnings, taxes, transfers from other funds, and other miscellaneous
nonoperaling revenues. Assuming that the operating revenues recover the costs associaied with
providing the respective services (e.g., rates--xisting services, impact fees--expansion facilities,
and other fees--tun-on services and connection services) then the jevenues from these sources
are consistent with the true costs of supplying water. Using the interest earned on the operaling
revenues and/or reserves provided by the operating revenues, to offset the cost of providing these
services, is also consisiant with the true cost of supplying water. In contrast, utilities with rates
that reflect the subsidizes provided by taxes and transfers from other funds (e.g., general fund)
are not providing the true pricing signal to their custorners.

The guidelines established 10 determine whether a utility's sources of revenues arc
consisient with the gue cost of supplying water or providing wasiewater service, and thus
conservation promoling, are presented in the following tables. The guidelines for water vilities
are presented first followed by the guidelines for sewer utlities.
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Table 41 Water Utility Guidelines
Sources of Utllity Revenues—Criterion 3
Satisty Guideline Exempiion Discussion
Yes () A, Al least 90 percent of he 3A1. Water aszessment 3A. This guideline is based o2
waler uBlity's wial reveous disticts fuod a2 review of the financial
MNo{) is recovered from the water eXpansioy projects. statements and budgets of
rales, impact fees, otber Classify assessment the water piilities for
Required fees, and inierest ipcotte, district reveoue a8 which Brown and
within 2 or at least 75 pereent impact fee revenue 0 Caldwell has conducied
years recovered from walsr raiss. mes1 ) pereent rate studies. The
guidelie, justification for tbis
guideline is that Lbe price
3A2. The otber sources of of selling water shoyld
TEVEnVES &TC pranis. equal the rue cost of
- supplying water. In other
3A3, Gepera! fund and tax words, 1be true cos of
_ subsidies will only supplying water sboold pat
contipve for 2 more be masked by subsidies.
years.
Table 42 Sewer Utllity Guidelines
Sources of UGlity Revenues—Criterion 3
Satisfy Guideline Exemptico Discussion
Yes( } [ 3A. Atleast 50 pereeot of ibe | 3AL, Sewer assassment 3A. This guideline is based on
sewer utilicy’s total revenue districts fund a review of the financial
No() is recovered fom the sewer expansion projects. statepents and budgets of
rales, itypast fees, other Classify assassroent the sewer utilities Jor

fees, and inlevest ingome,
or at leas: 75 percent
recovered from sewer raes.

districi rzvenue a5
impact fee reveoue W
meet 90 proent
puidatipe,

3A2. The otber sturtes of
revetues & grants,

3A3. Gepza) fund and ux
subsidies will oaly
conliye for 2 more
years.

which Brownp apd . - .
Caldwell bas conducted
rate studies, The
justificaton for this
guideline is that the price
of wasiewater services
sbowld equal the true cost
of providing wastewaler
services. In other words,
e true tost of providing
wasiewaler services sbould
Dot be maskes by
subsidies.
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Under the Go/No Go format discussed in Chapier I, the water utilities have Lo initially
satisfy those guidelines which are the most effective in promoting water conservation (unless they
qualify for stated exempiions) in order for their water mates 1o be defined as conservation
promoting. As shown in the tables, none of the guidelinzs for sowrces of utility revenues have
to be satisfied initially, but within 2 years all of the guidelines for water utilities will have to be
satisfied. The guidelines for the sewer utilities do not have to be saiisfied for a water udlity's
rates 1o be defined as waler conservalion promoung.

Utilities that have historically received subsidizes should cofrect this procedure by
incorporating the costs that have traditionally been funded from subsidies into the cosis 10 be

recovered from rates and other charges.

The water utlity guidelines presented above will be summarized in Chapter 6 10
determine whether the water utility's rales are conservation promoting under the four criteria
when measured using the Go/No Go format A weighting system is also presented in Chapter 7
as an alternative to the Go/No Go format The data to be collected by the utilities for identifying
the sources of revenue are specified in the questionnaire in Appendix A.
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Bt CHAPTER 5 __)

WATER RATE AND WATER USE COMMUNICATION--CRITERION 4

Water conservation will be maximized if a vtility has a rate structure which is consistznt
with the underlying economic principal that the price of water equals the true costs of supplying
water (satisfying Criterion 1 through 3) and the utility has communicated this rate 10 i1s
custormers. In other words, if the customers are informed about the price of water and how much
they have used they are more likely 10 respond to the pricing signal and use the resource
efficiently. On the other hand, if the utility has not communicated the rate and water use 10 its
custormers, waler CONSErvalion may not be maximized. In this chapter, guidelines are established
for the uility’s communication of the rates and water use to its custorners. Guidelines are
developed for both water and sewer utilities o acknowledge the relationship between water use
(indoor use) and wastewater discharge.

The guidelines established to determoine if a utility is effectively communicating the rates
to its customers are presented in the following tables. These guidelines are based on our rate
development and water conservation experience. The guidelines for water utililies are presented
first foliowed by the guidelines for sewer vilites.

Under the Go/No Go format discussed in Chapter 1, the water uiilites will initally have ;
to satsfy those guidelines which are the most effective in proruoting waier conservalion {unless )
they qualify for stated exeroptions) for their water rates to be defined as conservation promoting.

The goidelines which have 10 initally be satisfied are identified in Table 5-1. Wilhin 2 years

all of the guidelines for water utilities will have to be satisfied. The guidelines for sewer ulililies

do not have to be satisfied for a water viility's rates to be defined as water conservalion
promotng.

The waier utility guidelines presenied above will be summarized in Chapier 6 to
deiermine whether the water utility’s rates are conservauon promoting under Lhe four criteria
when mezsured using the Go/No Go formeat A weighling system is presented in Chapler 7 as
an alternative to the Go/No Go format The dara to be collectzd by the utilides, for determining
whether or not the utility is communicating the tates and water use to its customers, are specified
in the guestionnaire in Appendix A,
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Table 51 Water Utllity Guidellnes
Water Rate and Water Use Communication--Criterion 4
Sausfy Guideline Exemption Discussion
Yes () 4A, Wawer rates clearly 4A. Nooe. 4A, For a cuswomer 1 respond
docueoled oo water bifl. 0 Wbe waler rates mnd use
Ne () the resource efficiendy
they have 10 know the
Initiaily price (rate).
Required
Yes () 4B. Historic (from the same 4B. Frat water rales are 4B. Customes respond Lo the
period ip the previous year used. This exemption is price of waler by changing
No{} and/or average for the ooly valid for 2 yewrs. beir waler use, Theelore,
previous year) aod cwrent ibe cusomer has w be
Required WALET use are documented : provided wilh information
within 2 oo Lhe water bill. Water oo their water use.
years use sbouid be presenied in
pallons per day. ]
Yes () 4C. Moothly or bimootly 4C1. The Udliry is required | 4C. Moothty or bimonthly
billing, by 2 prior agresment billing is required 10
No () 10 bill oo the ax rols. provide Lbe cusiomer with
timely informatiop on their
Reguired - 4C2 Flal watsr rates (nol water use and waier rales,
within Gependent 00 wal
2 years use) wre used This

exetoption is only
valid for 2 years.
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Table 5-2 Sewer Utlity Guidelines
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Sewer Rates and Water Use Communication--Critarion 4

Discussion

Satisfy Guideline Exempiion
Yer { } | 4A. Sewe rues clearly 4A. Noope. 4A. If sewer rawes arc based o0
documnentzd oo sewer bill, water use and the
No () customers have besn
informed of e sewer
. rates, hey will respond by
- using the resource {water)
efficiently.
Yes () 4B. Historic (from the ame 4B1. If the water and sewer | 4B, If sewer rates are based on
period io wbe previous year vilities me saparale water use, When 2 custome”
No () and/or average for be enlities apd Whis responds 10 the sEwer faues
previous year) zd current inforroation canoal be_ by changing their waler
wilsy use are documented provided in 3 tmely use. Therefore, the
on e sewer bill, Water use manner, customer has b be
should be presented in provigad with informason
gallons per day. If a percent | 4B2. Plat sewer rales are oo their water use.
of waizr use or a limit oo used,
the amount of waler use i§
used o cal¢ulate the sewer
- bill. thar should be
documented
Yes () 4C. Moothly or bimoothty 4C1. Tbe utiliry is required 4C. I sewer rawes are based on
billiog. by a prior apresment wiler use, mooihly or
No () to bill o0 the 1ax rolis, bimoothly billing is

4C2. Flat sewer raies are
used

required o provide the

cusiomer with timaly

information oo their sewer 3
rateg and waler use. :
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CHAPTER 6

SUMMARY OF CRITERIA-GOMNO GO FORMAT

“The four criteria and associated guidelines used to define conservation promoling rat2
structures were presanied in Chapters 2 through 5. These criteria were selected based on our rale
development and water conservation experience and are listed in the following table.

"Table 6-1 Criteria for Conservation-Promoting Rates

Crileria - Description
1--Raze Sgucwre Form .| Types of rate structure form (i.c.. uniform quantity charge. clining
block guanuily charge, scasopal quaniiry charge). -
2--Allocation of Costs 1o Fixed and Tie pordon of the pel revenue requirements allocated (o the fixed 2nd
Variable Charges variable compopeats of the raie stucture {i.t.. service chz§e v, quanuty

charge). Nel revenue rejuirements e the operation and mainlznance
expenses and capital costs W be recovered {rom raes.

3--Sources of Utility Revenues The poruon of the oial reverus requirements recovered [1ofD rales as
compared 1o othe sources of revenue (e.g., L2% receipts, (wro-on fecs.
and irparct fe2s)

4-Communicadon of Rawes aod Waler | Communicatiop w0 the cusiomers about the rales and their waier use.
Use

In Chapters 2 through 5. spcific guidelines were developed for each of these critena.
The guidelines were used to define the conservatien promoling components for each criteria.
Initially we recommend that only those guidelines which are the most effective in promoL=]
waler conservation nesd 10 be satisfied in order for the rates to be defined as consenvation
promoling. However, within 2 years all of the guidzlines need to be satisfied. Under this formz:
all the guidelines must be sausfied by the udlity, For example, a utility mzy have what we have
defined as a water conservalion promoting rate siructure form (Criterion 1), but if an insignificani
portion of the costs are allocated angd thus recovered from the variable charge (Criterion 2), there
will be Liwde or no consarvation. Therefore, the guidelines for Criterion 1 and 2 would iniuzlly
have 10 be satisfied for the rate sruclure 0 be defined as consarvation prorooting.

Chapler 7 provides a weighting system for the eriteria and guidelines which can be usec
as an aliernalive 10 the Go/No Go format summarized in this chapter. The weighting systam is
subjective, but as discussed in Chapier 7 2 weighling sysiem may, under cerzin condilions,
provide a bener indication as 1o whether rales are wat2l CONServauon prommolng.
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For each of the criteria, guidelines are also presenisd for sewer utilities to acknowledgr
the relationship berween water use (indoor usz) and wasiewater discharge. However, th
determmination of whether a water utility’s rates are conservation promoting will not be depender:
on the guidelines for sewer utilides.

The following tables summarize the geidelines presenied in Chapters 2 tuough § for
waler and sewer utilities, respectively, The puidelines that have 1o initially be satisfied for the
water viility’s rates to be classified as conservation promoting are identified. A questionnaire
is presented in Appendix A 10 idenufy the necessary data to be collected from the utilites,

Under this Go/No Go format, the witer utilities have to initially satisfy the five guidelines
(1A, 1B, 2A, 2B, 4A) which are the most effective in promoting water conservation (unless they
qualify for swated exemptions) in order for their water rates to be defined as conservalion -
promotling. Within 2 years all of the guidelines for the waler utilities will have 1 be satisfied :
(unless they qualify for stated exemplions). The guidelines for the sewer wiilites do not have
10 be sausfied for a water utility's rates 1o be defined as water conservation promoung.
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S Table 62 Water Utility Guidelines
Suisfy r Guideline ] Execmtion ‘ Discussion
Critzrion 1--Rate Struenwre Form:
Yes () 1A. Water agencies with eithes | 1A. Nooe. 1A, Dexlining block rates do
fiad rites (do pot vary pot encourige LUSlOmErS
No () wilh water us=} or to use water efficiendy.
declinipg block raizs shall Altbough ipclining blozk
loiuslly adopt either uniform " rales are commonly
Required (oonseascns] or sessontl) promoted o5 water
or inclining block nites. ] cobserving rale struchures

they are pot pecessarily
superior to uniform rates
and thus betb are
accepted for Lus

guideline.
Yes () 1B.. Waler ytiides with 1B. M the use of 1B. If developed in
- ponsaasopa! uaiform nonsezsonal uniform aceordznce with 1be

No () quantity charges skall quantiry charges parameters defined in the
adopt eitber inclining mests the Distnct’s "1B." guidelise, inchrusg

Loirially blocks or seasonal riL=s wete: use reduclion block rales are wore

Required (sez 1C. below). requireents apd the copservalion prometing
inclinipg biock thresholds average duly waler thap pobseasoba] wniform
10d Quantity charges shall production in the peak rates. Seasopz}
be different for each ses30n excecds that of pooseascaal Tales {52
customer clussifcation. the off-peak season by 1C. below) would ass
There shill be at jeast rwo 50 percest o1 |ess {se2 promole more walel
blocks and the threshold 1€ guideline). conservatoa.

betwern the first and .
secopd blocks for a pive
customer class shali be
equal 1o or Jess thes the
115 perecnt of the avernge
usage for that class. The
sizz of (ke second block
shall be equa) 10 or
greater than the sitz of
the first block, and the
price of e szcond block
shall be st least

125 perzeat of the price
of the secend block.
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6-4 Table 62 Water Utlity Guidelines (continued)
Sausty I Guideline _[ Exemption Discussion

Criterion 1-Rate Stverure Formn (continued):

Yes () 1C. 1f average daily water 1C. U meter seading for 1C. Most walr agencies iocur
produciion (mgd) in e billing purposes is 1 significapty higher cosl

No () peak seasop excseds wat of complelsd al time in supplying 2 vait of
off-peak season by more intervals greater than water during the peak

Required that 50 percent, 3 saasonal obce every Iwo months season. Passing on e

within quantity charge £hould be (e.g.. quanerly). This seasonal woit cost 0

2 years adopied.  The quanlity mewr reading . customers can significandy

charge in the peak se2son
shall exceed Lbe quaniily
charge in the off-peak
seasop by a least

25 peresnt

exemprion is only valid
for 2 years. If uulity
bas 2 population
increase of grester than
20 peyeant in the
falbiwinter se=asoa, it
may assess peak raies
during uus fall peak
apdfor spring peal -

improve the waier
consarving practices of
CuslDIDeTS.

Criterion 2-Allocation of costs 1o Fixed and Variable Charges:

Yes ()
Na ()

Iniyally
Required..

2. 775 percent or more of the
Del TeveEDue requireneals
are recavered {rom e
variable porion of e rale
structure {Quanlity tharge).

2A1. Actcal meter, seTvice
lices. a0d billing costs
(fixed costs) greater
than 25 percenl of oet
TeveDue requiretrenis.

. A pan-ume residestial
populalién icrease in
excess of 20 percent so
Lhas 2 major shift from
fiaed charge cost
recovery o variable
charge ¢ost recovery
mey Tesult i0 30
inequiry in the

. recovery of costs for

residential CusOMErs

wbhe only reside pan-
ume in Southwest

Florica In such cases,

only 65 percent or

tmare of the pet

TEvEDDE TeqQuirerneols

peed W0 be recovered

from the variable

poruon of the rate
structute {Quaouty
charpe}.

. Lifeline rates for
quadifying customers.

This guidaline is based 00
a review of cosi-of-service
water rate swdies, The
more pel revenue al is
recovered from e
variable component of the
A sUusiure be more
CONSEvaLon Promoting.
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Table 6-2 Water Udlity Guidelines (continued) 65
Sausty Guideline ] Exemption 1 Discussion
Criterion 2—Allocation of costs 10 Fixed and Variable Oharpes (continued)
Yes { ) 2B. No minitmym charge. A - 1B. Lifeline rates for 2B. Minimurn charges shifi the
minimum charge is a fixed qualifying customers, recovery of a porioo of
MNo( ) charge which includes the variable costs 1o the
SOIDE WALET USE. fixed compencnt of the
Initalty rae structure. This shift
Requirei reduces We poruon of the

fals structure which is
dependent 0D waler use
apd thus reduces the
sbility 0 promoie
conservalion.

Criterion 3~Sources of Utlity Revenues:

Yes ()
No{)
Required
within
2 years

3A.

Al least 90 percent of e
waler Ulikily’s olal reveoee
is recovered f1om e waier
rates, impact fess, oiher
(ees, and interest income,
or at Jeast 75 percent
recovered [rom water raes.

IA L. Waler assecsment
districts fund
eXPANSIOD Projects.
Classify assestment
distriel revenue as
impact [es revenue o
meei 90 percent
guideline.

3A2. The otber sources of
reveDues e grants.

3A3.
subsidies will only
continue for 2 more
YE&TS.

Geoeral fund apd 1ax

3A. This gvideline is based o2
a review of the financial
staltements and bodgels of
ihe warer utilides for
which Brown and
Caldwell has conducied
raie gudies. The
jusuficaton for s
guideline is thal the price
of selling waler sbowid
equal the true cost of
supplying waier. Io other
words. the gue cost of
supplying wawr should not
be masked by subsidics.
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6-6 Table 62 Water Utility Guidelines (continued)
Satisty _' Guidsline I Ezemption I Discustion
Criterion 4=-Watr Rate and Water Use Commynication:
Yes( ) 4A. Waier rates cleaxrly 4A. None, 4A. For 3 cusiomer 0 respond
documented oo waler bill. t0 the waler rale siruciure
No () and vse the reiource
efficienty they bave w0
Initally kpow the price (raie).
Required
Yes [} 4B. Hisworic (frorn the same 4B, Flar water rates (oot 4B. Customers respond 10 the
period in the previous year dependant oo water price of waler by changing
No () and/or averzge for be use) are wsed This their water use, Therefore.
previous year) and curent esemption is only the customear bas o be
Required waler use are documented valid for 2 years, provided with information
within 2 on the water bill. Warer . oo Lheir waler use.
years use shoukd be preseoted in
pailous per day. -
Yes () 4C. Monthly or birmoothly 4C1, Tee uility s required | 4C. Monthly or bimonthly
billing. by 2 prior agrasment billing is required to
No (} 10 bill the oo tax rolls. provide the customar with
timely informazion on their
Reguireq 407, Flat waier rales are waler us¢ and waler raies.
within used. This exempuon
2 years is only valid for
2 years.
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. "') Table 6-3 Sewer Utllity Guidelines
Sausfy l_ Guiseline Exemption T Driscussicn

Criterign 1-Rawe Stucnre Form:

Yes ()
Ne ()

1A. Sewer agepcies are

required © bave uaiform
quantity rates.

LA,

The amovot of water
assessed the sewer
quantity chirge may be
lirnited

1A,

The more revepue that is
recovered via 2 quantity
charge the more
consevalion promoling.
A-limit is wamanted when
significant amoutls of
waler are 0ol reiurned w
sewer (i.e, irrigadon).

Criterion 2-Allocatios of Costs 10 Fixed and Vasiable Charpes:

Yes { )
No ()

5

2.

15 percant or more of be
DEL revenue requiremnents
are recovered from the
varizble porion of rale
structure {Quanuty charge).

201

202,

2C3.

2C4,

Actpal billing, servicse
lines (laterals), and LI
coSlS are greater than
25 percent

Residential rates are
fized but were iyally
based oo average
indoor wate use,

Quantjty charges are
asgsessed iarge
dischargers
{commercial and
indusirial users
dischaging more b2n
30.000 gallons pes
monib) and are based
on waler sz,

Lifeline rares for
qualifying customers.

2C.

This guideline is based on
a review ol cosi-of-service
sewer rale studies. The
more pel revenut thal is
recovered through the
variable poruiom of the —
$ewer rale struciure he
more conservayon
promoting.
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68 Table 6-3 Sewer Utility Guidelines (continued)
Satisfy Guidelipe : | Exempuion Discussioo
Criterion 3—Sources of Uility Revenuves:
Yes () 3A. AL least 90 percent of he 3A). Sewer assessment 3A. This guidelipe is based o0
sewer bility's ol digiricts fund s review of e financizl
No () revenus is recovered from €XPIVSOD Projects. statemests and budgews of
Lbe sewer rales. impacl Qlassify assessment the sewer uiilities for
fess, oter fees, and district revenue as which Brown and
interest income, Or &t least impact fee revenue o Caldwell has cenducied
75 percant recovered from meet 90 peresol rae studies. The
sewer Tates. guideline, justification for this
guideline is that the price
- of wasiewaler services
should be equal the true
cost of providing
wasiewater services. 1o
other words, the Tue cosi
ol providing wastewaler
services should not be
masked by subsidies.
- 3A2, The other sowces of
revenuss are pranis.
A3, Geoeral fund and ax
subsidies will only
continue for 2 more
years.
Criteria 4~Sewer Rate and Waler Use Communication:
Yes { ) 4A. Sewer rates clearly 4A, Nooe. 4A. I sewer raes are based oo
documented oo sewer bill, walel use and the
No{) cusiomers have been
informed of e sewer rae
suruciure, ey vall respond
by using U2 resource
(water) efficienty.
Yes () 48, Hisonic (from ke sams £B1. If the waier ard sewe | 4B, I sewer roizs 20 based oo
period in the previous yezr uililies @re separale water use, Wep a
No () and/or average for the ecuties and Lhis cuslomers responds 10 the
previous year) zmd furrent informaljon cannot be seweer T3ies by changing
wale? use are documenied provided in a Gmely their water use, Thesciore,
oo the sewer bill. Waer manper. the cusiomsr bas (o te
use should be preszoiad in provided with informatios
gallons per day. L a 4B2. Fla sewer rales are oD their water use

pecent of waler use of 4
Lmit 00 the amount of
waler use is used w
calculate the sewer bill,

tEar should be documented.

used,
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Table 6-3 Sewer Utility Guidelines (continued) 6-9

Sausfy Guirtsline

Exemption

Discussion

Yes () 4C. Moothly or bimosihly
billing.
No ()

40, The uglity is required
by prior agreement 1o
bill oo the ax rolls.

4C2. Plat sewer rales are
used.

If sewer raes are based on
wiaker use, moothly or
bimonthly billing is
required to provids e
customer with Limely
informalion oo their sewer
rates and water use.
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CHAPTER 7

WEIGHTING SYSTEM FOR CRITERIA

The previous chapler (Chapler 6) summarizes the guidelines developed in Chapters 2
through 5. As specified in Chapier 6, the utilities have 10 injually satisfy those guidelines which
are the most effective in promoting water conservation (unless they qualify for the stated
exempuons) and within 2 years satisfy all the guidelines. That is, the guidelines are presenied
in a Go/No Go format  The short coming of this Go/No Go format is that a water utility may
salisfy 3 of the 4 criteria (by a wide margin in the cases of Criterion 1 and 2) but still not have
rates that are defined as &z water conservalion promoting because of not meeling one of the

criterion.

For exarnple, a vility may meet the two relatively qualitative critera (Criterion 1 and 4)
and recover 100 percent of the utilities towl revenue requirernents via rates {as compared o the
75 percent requirement set forth in Criterion 3), but only recover 70 percent of the net revenue
reguirements via the quantiry charge (25 compared 1o the 75 percent required by Criterion 2).
Clearly this vlility (which fails via the requirement that all four criteria be satisfied) actually
collects more of its total annual revenue requirements viz the quantity charge (70 percent
[1.0 x 0.70]) than does the udlity which passes all four criteria (56.2 percent [0.75 x 0.753)). In
an attempt to avoid these types of anomalies, we have also developed a weighting system for
determining whether or not a utility has adopied a water conservation promoting rate structure.
This weighting sysizm can be used by the Districi as an alternative to the Go/No Go system
summarized in Chapter 6. .

Weighting System

In order 10 develop a weighung system, it is first necessary 1o establish a rank {viz
weighting facior) for each of the four crilteria These weighting faclors are presented in the tble
below, ’ ’
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7-2
Table 7-1 Weighting Faclors
Criteria. . Weighbting Facwor, percant
1. Rate Siruciure Form 20
3. Allocation of Costs 1o Flaed/Variable Charges 40
3. Sources of Utlity Revenues 30
4. Comtnunicadon on Bill . 10
Towl . 1007

Obviously the weighting factors shown above are subjective. This is the way Brown and
Caldwell weights the four criteria. Others might weight these criteria differendy.

Having established overall weighting factors for each of the four criteria it is necessary
to develop a scoring sysier for each criteia. The scoring system is presented in the following
secuons. : -

Rate Structure Form {Criterion 1). For the rezsons indicated in Chapter 2, seasonal
quantity charges are the most equilable and efficient in recovering the cost of service and in
promoting conservaton for service areas that exhibit seasonal use. In our weighting system (502
Table 7-2), the seasona) rale quaniisy charge received a higher score than either the nonseasenal
uniform quantity charge or the inclining block quantity charge, the peak-season charge must
exceed the off-peak sezson charge by 25 percent Inclining block quantity charges, although
difficult 1o design based on sound economic principles, can also be effective in promotng
conservaton. Depending on the ratio of the price of the 1adl block to the price of the first block,
the block thresholds, and the size of ihe blccks, this rype of struciure roaybe more conservaicn
promoting than a nonseasona! unifonm quaslity charge. As we indicated in Chapter 2, the sizz
of the first block should not exceed 125 percent of average monthly usage. Declining block and
flat rate structures are never conservation promoting and thus have been assigned the Jowest
score, The weighiing factors for Criterion 1 are presented below.
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T
—_ Table 7-2 Weighting Eactors for Criterioo 1
Quantity Charge Form ' Score
Seasonal
1. Ratio of peak season io off-peak seasog charge is greater thap 1.5, 5
2. Ratio of peak season to off-peak season charge is less than or equal 10 1.5, but 4
greater thao 1.25. )
3. Ralio of peak season w off-peak season charge is less than or equal to 1.25. 2.5
[nclining Blocks
1. Rario of tai! block charge to first block charge > 1.5 and the first block 3.5
threshold is less than or equal 10 125 percent of averzge monthly use for class. -
2. Ratio of 1ail block charge 1o first block charge is less than or equal to 1.5 2
and/or first block threshold is greater than 125 percent of average monthly use
for class.
Noosezsona! Uniform Quantity Charge 2.5
Declining Biocks 1
Flat Rates . o
P
j) Allocation of Costs to Fixed and Variable Charges (Criterion 2). Obviously the more

costs (net revenue requirements) that are aljocated to and thus recovered from the quantit
charge porton of the rate structure, the more conservalion promoting. A subjective scoring
system for this criterion is set forth below.

Table 7-3 Weighting Factors for Criterion 2

Percentage of Net Reveoue Requirements
Recovered via the Quantity Charge Score

90 - 100
80 - 39
70-79
60 - 69
50 - 59
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Sources of Utility Revenues (Criterion 3}. As indicated in Chapter 4, the greater the
amount of total revenues recovered via rates (as opposed to taxes, uansfers {rom the general
fund, or other subventions) the more effective the pricing signal. The proposed scoring syster:
for this criterion is presented below.

Table 7-4 Weighting Factors for Criterion 3

The Percentage of Toral Utility Reveoue Score
- Collecied via Rawes

%0 - 100
80 - 89
7¢-79
60 - 69
50 - 59 ;

MW b e

Rate Structure and Water Use Communication {Criterion 4). As indicaled in
Chapter 5, the more information a customer is given about the raies and their water usage, the
more Likely they are o respond to a pricing signal. A scoring system for this criterion i3 _
presented below. }

Table 7-5 Weighting Factors for Criterion 4 ‘
Comnyaicatica on Bill Score ‘
Rauws, water vse in coment billing period, and waler use ip similar 5
period of prior year and/or averzge from prior yexr
Rates and waler use in current billing period 4 I
Raws only 3
Waler use in current billing period 3 ‘
Monihly or bimonthly billing 2

No information 00 rates or usage ! [

OMOMIE VR EPOK TH L5 2507 107 M I
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Given the weighting of the criteria and the individual scoring of each criterion, the highest

- score possible is 2 5. In order for uulity water rates to be defined as conservation promoting

using the weighting and scoring system it foust have a score of a

Exarnble

t least 3.2

To illustrate the use of the weighting systern, we have provided a'szmple calculation for

a water utility with a nonseasonal uniform quantity charge, 70 to 79 percent of its net revenue
requirements recovered from quantity charges, 80 to 89 percent of its total Tevenues collected via

- rates, and only the water rales (not usage) are commonicaed on the bill The results calculation
are presented in Table 7-6 below:

Table 7-6 Example Utility Scoring

Weighiing factor,
Criteria percent Score 55U Toul*
1. Rale structure form 20 5 Qi Vs 0.5
2. Allocalien of costs
10 fixed/variable 40 b 3 .S 1.2
charges ‘
3 Sources of viility 30 - 1§ 4 § 1.2
- Tevenues
4, Communication on 10 4 i M 0.3
bil} '
Tow! 100 N S It 3.2

""Weighung factor limes score.

AYOSANE KEPORTIVE XM el 250 FER . 5T
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CHAPTER 8

" REGULATORY REVIEW

The review of policies, rules, and regulatdons governing the development of water rates
includes;

Cs Florida Public Service Commission (FPSC) requirements for investor owned
utilies, . .

- County requirements for investor owned utilities under County regulatory control,
and

@ Government owned, operated, or managed water and wastewater utilites.

The review concentrates primarily on those reguiations as they pertzin to the adeption of water
cOonservation-promoting rates.

Florida Public Service Commission

Counties may elect to have private utilities within their boundaries regulated by the FFSC
pursuant o FS 367.171 (1). There are currentty 34 such counties within the siate that elect to
do s0. Once a county makes this election, these utlities are to remain under FPSC rules and
regulations for a period of at least 10 years. In 10 of the District’s 16 counties, investor owned
(private) utilities are regulated by the FPSC. Florida Statutes:(FS), Chapter 367 describes the
powers, duty, and authority of the FPSC. Seciion 367.081 specifies the procedure for fixing
and changing rates. These rates must be "just, reasonable, compensatory, and not unfairly
discriminatory” as stated in FS 367.081 (2). There are no statulory limitations which would
preclude the adoption of conservation-promoting rates. .

To determine the level and pervasiveness of conservation-promoting rates currently being
used or under consideration, we talked with the FPSC. Conservaion-promoeting rates, such as
surcharge programs and the use of seasonal raies, have not been tequested by utilities for
adoption. However, there is a high level of interest from utilities desiring to implement
inclining block rate stuctures to promote conservation. There is only one utility under FPSC
regulation that has had inclining block rates approved, Hobe Sound Water Company (HSWC).
HSWC is located within the South Florida Water Management District.

The inclining rates adopted by HSWC have been in effect for approximately six monihs
and were approved with special requirements. The utlity must repont to the FPSC quarterly on

DTN REPORT Sl IO FER -G WP
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consumption and revenue to monitor the programs’ effectiveness at promoling conservation and
desired levels of revenue. The quarterly reports will be filed for a period of eighteen months
at which time the program will be analyzed. FPSC staff indicated that there was no particular
difficulty during the approved process other than deciding on an elasticity value. A conservative
elasticity of -0.1 was assumed by the FPSC based on their review of professional literature.
This conservative approach, taken by the FPSC in 2pproving HSWC's inclining rates, reinforces
the importance of setting rates (o assure that revenues will not be derived in excess of the
allowed rate of return of the utility’s raie base.

With the inclusion of uniform rate structure also promoting the economic efficiency and
equitability among individual users (and across user groups), the expanding rate approval process
currently used by the FPSC to promote use of conservation-promoting rates does not appear to
conflict with the guidelines proposed. As long as any proposed rate structure assurss that rates
are just and reasonable and will not produce revenues greater than those allowed for that rate
base, the use of conservaton-promoting rates should be allowed.

Florida Water Management District, six have elecied 10 regulate the private utilities within their
boundaries, These counties, Hillshorough, Manatee, Sarasota, Charlotte, Hardes, and Polk are
given regulatory authority under FS 367,171, Under this authority, the requirements of the rate
setting as set forth in FS 367.081 (1), (2), (3}, and () again state that only rates must be just,
reasonabie, compensatory, and not unfairly discriminatory. There is nothing within the statutes
that would prohibit conservation-promoting rates as long as the four criteria of the statute ars
met.

County-Owned Public Utilities, FS Secton 153.11 (1) (b) allows the county
commission to set rates, fees, and other charges without “supervision or regulation by any other
commission, board, bureau or agency of the county or of the state, or of any sanjiary district
or other political subdivision of the State.” FS Section 153.11 (1) (¢) requires thai "rates, fees,
and charges shall be just and equitable.” The only restrictions to rate setting for county-owned
public utilities are that they are fair and reasonable. Section 153.11 (1) {d) addresses water use
that imposes an “wnreasonable burden” upon the water supply system. In such cases, "an
additional charge may be'made thereof or the county commission may if it deems advisable
compel the owners or occupants of such building or premisses to reduce the amount of water
consumed.™

Other Government-Owned Public Utilities, FS Section 367.022 (2) specificatly
exempts other povernment owned, operated, managed or controlled utiltities from regulation
under that chapter of the statutes, including regulation of rates and charges.

|
I
|
l
|
[
County-Regulated Private Utilities. OF the 16 counties that comprise the Southwesi I
|
|
l
}
l
l
l
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Conclusions

Based on our review of the policy and rules and regulations governing the developroent
of rate structures, for both publicly and privately owned ulities, there are no resurictions against
the use of conservation-promoting rates. The only requirements are that the rales be just and
reasonable across users and user groups, and provide reasonable assurance that the revenue
generated from the rate base equal the utility's revenue requirements.

YOV REREOA TR SN 2 INFERFI-CT. W
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SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT

WATER AND SEWER UTLLITY QUESTIONNAIRE

IDENTIFICATION

Date:

Name and Address of Utility:’

Name and Tiue of Person Responsible for Questionnaire:

Phone Number:
INSTRUCTIONS

Please refer to the respective Chapters 2 through 5 of this report for additional information
on the data requested-in the following walsr and sewer utility questionnaires. If your wility
provides both water and sewer service please complete both the water and sewer uulity
questionnaires If you have any questions call Sputhwest Florida Water Management DistricL
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WATER UTILITY QUESTIONNAIRE

Criterion 1--Rate Structure Form {See Chapter 2)
Dawis Source: Water Ra‘r.c Ordinance (please include a copy of the water rate ordinance)

: L. In the following table indicate (with a check) the water utility’s quantity charge structure
7 f by customer ¢lass.

Quangry Charge Single Muliiple
Sirutoure Family Family Commercial Industrial Other

Declining Block

i Uniform
Inclining Blocx!
i Seasoval" -

ey 2. Fill in the current quantity charges by customer tlass (dollarsfunit), What are the units
3) used {e.g., dollars/galion, dollars/cubic feet (cf), dollars/hundred cubic feet (Cef))
2 ?

{ ( 'If seasonal surcharge structure, check with inclining block and seasaonal.
i
|

1 Single Muldple _
Quandry Charge Family Family Commercial Indusorial Other

Declining Biock

' First Block
Second Biock

1 ‘ Uniform Rate
Ioclining Block

[ First Block

\ Sccood Block
. Rado

‘ {Second/First)

{ Seasonal'

Off-Peak

| Peak

Rado

{Peak/CfT-Peak)

'If seasonal surcharge structure, fill in both inclining block and seasonal.

CAOYI IR ALTIOR TTE TN DRSPS A WP
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3 If you checked declining block or inclining block charges in Number 1, fill in the water
use block thresholds (using applicable units) associated with the quantity charpges by
customer class. What are the vnits used (e.g., gzllons, cubic feet (cf), hundred cubic feet
(Ccf). ? If you checked seasonal quantity charges in Number 1, fill in the
period (months) associated with the guantity charges by customer class.

. Single Multple
Quantity Charge Family Family Commercial Industrial Otber

Declining Block -

First Block

Second Block

Ratio of first and
secood block
threshold o average
use by class

Size of second block
equal size of first
(yes/no)

Inclining Block* .

First Block

Secood Block

Rato of first and
second block
threshold o average
use by class .

Size of sacond block
equal size of first
{yes/no)

Seasonal Periods, mocths® . : i

Off-Peak Period
Peak Period

*If seasonal surcharge structure, fill in both inclining block and seasonal.

DO BRI TIN5 UNER T 4, WH -
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TN 4. Fill in the monthly waler production for the last three years in the following table. _Wha: J
- are the units used (e.g., gallons, million gallons (mg), cubic feet (cf), hundred cubic feet
(Cel), acre feet (ac f1) ) ?

Mouoth Yeor Year Year

Jasuary

ﬁﬁg

May

Tune

July
August
Seplember
October
November
December — | )

/‘. ™
§ Total

Peak Season (a)

Production
Percent of Tota)
Off-Peak Season ()

Production

Percent of Total

(a)Preduction during 4 cootipwous months with fargest water production (e.g. February through May).
(b)Prodoction during remaining 8 mooths of calendar year {e.g., June through January).

MO AEALEROE TSl I S TAFER s, WP i -) :
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5. Indicate the water utility's moeter reading cycle by customer class in the following table. \

Meter Reading Cycle” | Single Muldple Commercial Industrial Otber
Family . | Family .

Mogthly

Bimonthly

)
)

Creater thas Bimontly | | ]
| ]

]

Criterion 2--Allocation of Costs to Fixed and Varjable Charges (See Chapter 3)

Data Sources: Water Utility Budget - Year end sumrba.ry of expenses and revenues;
Water Rate Ordinance.

6. In the following table fill in the fixed and varizble water utility user charge revenues by ]
customer class.

User Charge Single Muldple Commercial | Industial Otber Total Percent ]
Revenues, Famify Family - of Toual
Year -~ \l
Quantry C-
Charge
{Variable)
Fixed Charge
Touzl . ] J

7. ‘What expenses are funded by the water utility’s fixed charge? Fill in the dollar amounis

in the following table.

Fixed Charge Expenses . Year

Meier maintenance l

Service line maintenance

Billing/Customer Service

Meier Reading |

Otber cxsts (e.g., capital costs, minimum water uss CosB); Specify I

Total Fized Charge Expenses (should match fixed charge towl in pumber 6) ‘ ”

TYOMARRALEPOR TR N Dt FEDT- 4. WP
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8. H the fixed charge includes soroe water use (minirmum charge) fill in the amount of water ’ ;)
use by customer class. What are the units used (¢.g.. gallons, cubic feer (cf), hundred
cubic feet (Ccf)} 7
If Fixed Charge Single Multple Commercial Indusmial Other
Ipcludes Some Water Family Family
Use
Amount of Water
Criterion 3--Sources of Utility Revenues {See Chapter 4)
Dau Sources: Waler Utility Financial Statement; Water Utility Budget - Year end
summary of revenues.
9. In the following 1able fill in the requesu:d_wal.:r utility sources of revenue.
Sources of Reveaue Yez J o
Water Rates )
Impact Fess
Other Service Charges (e.g., turn-on fees, hook-up lees)
Otber Operating Revenues
Interest Income - ' . :
Subrotal
Percent of Total
Taxes
Transfers from Other Funds
Other Nonoperating Reveoues
Subtotal
Percent of Toul
Towl
TWOVY A AREFOR TT A 2N SeTAFED -4 WP _)
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Criterfon 4--Water Rate end Water Use Communication {(See Chapter 5)

Data Source: - Example Water Bill

10. Are the water rates documented on the water bill 7
Yes No

11.  Is the water use documented on the water bill 7
Yes : No

12.  Is the historic water use for a similar period in the prior year and/or average from the
prior year documentzed on the water bill ?
Yes No

13.  If yes 10 numbers 1] or 12, is the water use presented in gallons per day on the water
bill ?
Yes No

14, In the following 12ble indicate the water utility's biliing cycle by custorner class.

Billing Cycle Single Muldple Commercial Industrial Other
Family Family

Moathly

Bimonthly

Greater than Bimoothly

S

|
J
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i SEWER UTILITY QUESTIONNAIRE - )
Criterion 1--Rate Structure Form (See Chapter 2)
Data Source: Sewer Rate Ordinance (piease include a copy of Lhe sewer rate ordinance)
1. In the following 1able indicate (with 2 check) the sewer utility's quantity charge structure’
by customer class.
Quantty Charge - Siogle Multiple Commercial Industrial Other
Strucwure Family Family :
Deciining Block -
Uniform
Inclining Block -
Seasonal
£ ) Criterion 2-Allocation of Costs to Fixed and Variable Charges (See Chapter 3) __)
Data Sources: Sewer Utility Budget - Year end surnmary of expenses and revenues
2. In the following table fill in the fixed and variable sewer utility user charge revenues by
customer class. ) i
User Charge Single Mulple | Commervial | Indusmial | Other Toal | Percent }
Revenues, Farnily Family of Total
Year
Quantity Charge
{Variable)
Fixed Charpe | l
Touwl
SMOSEINT \RIROL TR TN 3 NFER - 4, W _)
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3. What expenses are funded by the sewer utility's fixed charge 7 Fill in the dollar aroounts
in the following table. -

Eaﬂ Charge Expenses | Year J

Infiltraton/lofiow

Billing/Customer Servics

Otber cosis {c.g., capital costs, minimum discharpe):
Specify

Total Fixed Charge Expenscs
(should match fixed charge lotal in number 2

Criterlon 3-Sources of Utility Revenues (See Chapter 4)

—_— Data Sources: Sewer Ulility Financial Statzment Sewer Utilicy Budget - Year end
summary of revenues.

]
1
b
]
=— —
3_
]f
]
)

4. In the following table fill in the requested sewer wdlity sources of revenue. _\]
Sources of Revenbe . Year ) J
Sewer Rates
lmpact Fees

b Yo

Ty

Ouber Service Charges {e.g., tum-on fees. book-up fees)
QOther Operating Revenues

Interest Income

Subwotal
Percent of Total

Taxcs

Transfers from Other Funds

Otber Nonoperating Revenues

Subtotal

Percent of Tocal
Tota) ' o l
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Criterion 4--Sewer Rate and Water Use Communication (See Chapter 5) -)

Data Source: - Example Sewer Bill

Are the sewer rates documented on the sewer bill 7
Yes No__ .

6. Is the water use documented on the sewer bill ? > =
Yes No
7. Is the historic water use for a similar period in the prior year and/or the average from the
prior year documented on the sewer bill 7
Yes No .
8. If yes to numbers 6 or 7, is the water use presentzd in gallons per day on the sewer bill?
Yes No
9. If a percent of water use or a limit on water use is used to calculzied the sewer bill is this :)
documented on the sewer bill ? ]
Yes No
10.  In the following table indicate the sswer utility’s billing cycle by customer cjass.
Bilting Cycle Single Mulgple Commercial Industrial Other
Family Family
Mouothly
Bimontbly
Greater than Bimooibly

VOV AE W EFORTIVE SRl S ERTS- 4, W5
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File: WRALLD. UK
Date: 02705/93
Job #: 6825-02

Table 2 Het Meverwe Heguiremenis Allocstlon for Water Uthlities in DINER SIATES

EATYEITIEIEATEEEEEATIIIEEINITREENAYESENSEINI ISR EEASRERENIEIE RS IT ST E TN TS e RIS RICITETISREISESEICITIRNTNINES
Reverue Allocation, pereent
Study Nequirements, Fire

Mitity (a) bate Accounts  mitlion § Tear Protection Facilityth) Customer Totai
1. Civy of Plitsburg, CA Hay- 92 13,500 7.01 1992193 41 3.7 1.2 100.0
. City of Saly Lake Clry, W11 Jan-92 3,000 sie.0t 1909490 .4 T8.7 2.9 100.0
3. City ol West Sacramento, CA Feb- 92 4,000 $4.88 199293 10,4 7.1 2.5 100.0

{residenttal not metered)
4. Morthridge Wster Lisctrict, CA Dec-9% 21,000 32.9¢  19/9) 1.3 0.5 28.2 100.0

{residenitat not metered)
S. Paradise Irrigatlon Oistrict, €A Nov-91 10,000 T 1227 w92 18.5 82,6 5.2 100.0
&. City of Fresno, CA Jul-9 94,000 $21.44 1WRL/92 4.7 75.56 19.7 100.0

(regidenital not metered)
7. Clty of Grass Vatley, CA Sep-W0 2,000 0.8 190/ 23.0 69.3 6.9 100.0
8. Sogquel Creck Water Dlsctrict, CA  Jun-90 13,000 $3.19 199091 6.4 .2 16.4 100.0
P, Clty of San Diega, CA Har-90 350,000 117,19 19a%0 2.n 8.1 1%.1 100.0
¥0.City of Corvallls, OR feb-88 11,000 12.36 1907/88 15.9 49.2 15.0 100.0
11.City of Hartiner, CA Jun- b8 2,000 13.42  19a8/89 .0 8.0 4.1 100.0
12.¢1ty of Uatsonvilie, €A Hov-8F 11,000 12.50 1987/88 1z2.0 .4 16.4 100.0
t3.Clty of Oklahoms Clty, 0K Jan-87 150,000 323,94 1984/07 () 77.8 7.8 100.0
1h.Clity of Antloch, CA Dec-84 15,000 3$2.03  1984/B5 12.8 7v.v T.3 100.0
15.Clty of Santa Cruz, CA Feb-85 21,000 14,20 1984785 8.2 7.3 24,5 100.0’
Average 53,433 314,410 ¢.0 5.4 15.7 100.0
EEEEIIEEEIERESEANEIEESINNALIEEEEIEENENTER YN A CAd S AN NIFECCISIIIENERISTICECCCSRNINERAREIEARAT saaczzrzazEe

{a)Source:Cost-of-service rate siudies conducted by Srown and Caldwelil’s Plessant Hill, CA office.
{b}inciudes base and extrs capaciiy cost allocatfon ss uell o5 varisble cost allocation,

ALLOCATIDR SUMMARY:
|

Average Fixed and Variable Allocation - OVHER

fixed (Fire Proteciion ¢ Customer) =
variable (Facility) e

STATES

25%
5%

aTvd

0 717

]
-
=)

/b
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Flhle: WRALLOD. WX

Date: 02405493
Job #: 482502
" 1able 2a Het Meverwe Nequirements Allocation for FLORIDA Uater Utitities
:!==!llll!:2II:I:Illlli!ll!'I‘3!lll'llllllllll::ﬁl!!l:!l!:lx:’.:: SETETEST :urll:::::!i!lll-rl::l:EI!:’III!III'I‘!:SE!I
. Reverwe Allocation, percent
Study Requirements, Readiness 1o

utillty {a) Dale Accounts  miilion $ Year Serve (b) Usage fc} Customer(d} Totsl
1. Chiy of Winter Park, FL Jan-92 21,15% 34.79 1992 7.4 631.8 18.8 100.0
2. Coltier County, FL {e) Aug-91 17,500 $13.15 1992 41.4 1.3 T 100.0 :
3. Cley of St, Clouwd, U Feb- 94 7,000 10.73 19 17.0 49.0 © k.0 100.0

15,218 $4.22 25.3 b4.4 13.3 100.0

II"l'l!lllllllllllllllIll'llII‘lllll!ll.t!&Bl!ll:l.ll:tEllII!k=l=h==I!BIIl:l::Kl:ll!l‘lt::=‘===l=lll'-llll=lll'

(s)Source:Rate studies conducted by Brown and Caldueli’s Orlando, FL office.

{b)Rendiness to serve costs are peak capacity costs (OfH snd capltal) recovered over rumber of equlvalent meters,

(c]Usnge costs see base capscity costs and variable costs recovered over waler use,

(diCustomer costs are cusiomer sccounting and billing costs end meter-releted costs recovered over number of customers,

(edfor Colller County more costs mere allcoated to readiness to serve category becouse exfsling debt was only allocated
to the readiness Lo serve category. The flre protecilon pllocation of 3.4 percent was inctuded in customer,

ALLOCAT |OH SUNMARY : '
Average Flxed snd Varlable Allocstion - FLORIDA

Flxed {teadlness to Serve + Customer) = w»
Varisble (Ussge) = 41x
Average Flxed and Variable Aliocation - FLORIDA AND OTHER STAIES {see Table 2)

fFlred (Fire Protection or Resdliness to Serve ¢ Customer} rie
variable {Facllity or Usage) = i

29vd

S B)

e
=

m
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“rile: SURALLO, VX

Onte; 02705/9)
Jols #: 6825:02

table }

Utitlcy (2}

. City of Hercules, CA

. Cliy of Grookings, CA

. Clty of Crass valley, CA tb}
5.

Cliy ol Swn Diego, €A (&)
Clty af Aochester, MN
City of Corvallls, OR
Clty of Santa Crux, CA

Cliy of Fi Colllng, CA

10, East Bay MUD, CA (c)

1. Konterey Reglons| Vater

Pellution Control Agency

Average

P T T T L L e e TR R TT PR R LT PR R L DL DT RIS TR Ll L L bl L il b it bl

ta)SourcerCost-of-service rate studies conducted by Brown snd Celdwell’s plessant #11!, LA offlce.

(b)1/1 includes unused capacity.

te)lhe measurement for 80O |2 sctuslly for COO.

$tudy

Her- 91
Jan- 91
Kar-90
Mer-88
Feb-88
Hay- 87
feb-87
Aug-8&

Draft
Jun-92

Accounts

. Cily of Vest Sscramento, CA

3,000
269,000
21,000
10,500
13,500
33,000
169,000

178,000
62,136

Wet Reverwe Requirements Allocatifon for Mastewater Utilities in OTHER STAIES

CEEEAEECXIIFIICENNRTEETNRSEVICEEENCEARISEEIEIIESSEXICINSSICTADXERASECIS=sEE

Year
1992193
199192
1990491
iR
1990/91
1988/8¢
1987/88
1984707
19846187
1985/06

1992793

ALLOCATIOH SUMHARTY:

REREAITEICEAEESITERTS

AMlocation, percent

.7

0.0
9.0
8.4
4.0
2.0
0.0
0.0

0.0
0.6

Fixed (Customer » 1/1) =
variable {Flow,B00,55,1P, other) *

18%
s2x

Average Fixed snd verisbie Allocation - OTHER STATES

1.3
0.0

.2
0.5

IT SRS EEERESEIRCANEIIEEETIEISETERTETSTS R Ut EIRRALIRCIEST

Lreatment Septage

0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.7

0.2
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Flin: SWRALLD, W1

Date: 02/05/93
Job #: 4825-02
fable 3a

¥et Revenue Reguirements Allocation for FLORIDA Wastewster Utilities

R E R ETEIEEIEAENANITYINTEEIRSTXNSEARETEERRTIOFEECETCCaSizENNESSSEYSENSSNSENEIISCNSIECSICITCSCIEEITCSSISICEIEEESCETSERSEKTERREEENETIEALISETITETEEIEIZCARETISRRIRIRCTANS

Revenue Allecation, pereent

Readiness
Sty Requirements, Lustomer 1o Pre-
utitly (n) Date Acconts  million 3 Year Usage (b} . BOD 133 {t) Serve (d} IP treatment Sept
1. City of Uinter Park, IL Jon-92 13,92% 16.74 1992 80.1 0.0 0.0 6.0 1.9 0.6 0.0 0.0 100
2. Collier Coumty, 11 (e} Aug-91 22,654 $10.3% 1892 .6 L. 0.0 0.8 0.9 54.5 0.0 1 0 0.0 100
3. Clty of St. Cloud, fL Feb- 91 5,800 31.9% 1891 36.3 0.0 0.9 6.0 3.7 0.0 0.0 0.0 00
Average 14,126 87.03 51.0 6.0 0.0 7.6 35.4 0.0 0.0 0.0 100
FITEFTET IR IR IR AN AN AN E I E SR NRUEEEENE S f KT C T CN I LSRR =LA EI TR CEACR LI C S o IEC S SrIICE o1 LR IS EL FEE IS EANEEEERER NN LS SR F N RS EE I NS I CUSANEESEESTEN AR ENRIRET
{a)}Source:Rale studles conducted by Browm ond Calduell’s Orlando, fL oiffce.

{bYUsage cosis sre base copacity costs and variable costs recovered over water use.
{c)Customer costs sre customer sccounting and bililng costs recovered over number of customers.
(d}Readiness 1o Serve cosls are pesk copacity costs (08K and capilal) recovered over number of equivalent billing units.

(eifor Collier Counly more costs were allcoated to readiness to serve categery because of future debt service only allocated
te the readlness to serve cotegory,

ALLOCATION SUNHARY :

Aversge Flued and variable Allocation - FLORIDA

Fined (Readiness to Serve + Customer) =

43%
Yarisble {(Usage) = 5T
Average Flxed and Varlsble Altocation - FLORIDA AND DTHER STATES
Flxed (1/1 or Readiness to Serve + Customer} = 23%
Yatlable (Flow and Strength or Usage) = X
' 0
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W
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REVIEW OF THE SOURCES OF UTILITY REVENUES




File: wRALLD. W1

Dale: 03/04/93
Job #: 682502
Table & Revelu of Sources of Reverwe For Mater Utilithes
ll-z----r:w--n---.,----..--.-..--.-.----:---nu---:-:.---:-:--x::z::::=-u--:=z---z::-in:::--slz------:---n:-.u----..--n----------1--'-----‘----u-----g-----------l
coo Operating Kevenues .- a-== Monoperating Reverises coo0
Other travafer
Study Reverize  Vater \apoct Fees service Interest from Oiher
Uty {s) bDate Accounts Yesr Rotes Feca Charges Other ternings  Taxes Funds Other
1, City of Pittsburg, A Hoy-92 13,500
pollers (b} : 1989/90 3,354,176 53,419 12,188 Q o BOZ,05% 500,000 w4, 72T,
Percent of total 71X i1 [} ox 24 T 11X 123 100X
2. City of Vest Sscremento, A (¢} Feb-92 3,000 198%/90 .
potlers (d} 3,857,250 557,230 B, 450 T9. %53 111,058 o 507,054 b 5,294,009
Feccent of Total : [} 11X o F43 [} 4 ox 10X 0x 100%
3. Northrldge Yater plscirict,CA (<) pec-91 21,000 1909/90
Dollars {¢) . 2,208,048 250,055 356,713 D 215,451 394,097 AT1,991 114,510 3,905,929
Percent of Tatal 57X [} % 1} X 10% (73 h 13 1001
G, Parsdize Irelgation olistrlet, CA Nov-91 10,000 1989/90
pallers (1) 1,426,274 138,114 11,706 45,130 9,440 597,04} 0 37,AW 1,273,187
percent af Totsl &63% [} 3 1% X x F3 ) ox x 100X
1)
5. Soquel Creek Vater pisctrict, CA  Juw®D 13,000 1968/89 |
ooliers {9} 2,658,212 1,035,332 99,046 7,822 329,322 |4k, 880 4,575,394
percent of Total 58X x| F23 ox © 0x ox 10X 1003
6. Clry of Martinet, CA Jun-80 9,000 1963709
poltsrs {h} 3,332,013 249,240 - 5,922 0 323,957 D 27,190 19,384 3,090,528
percent of Totsl 83X ™| 1% oX ax ox X 3 100x
T. city of Antioch, CA Dec-B4 15,000 1984 /85
pollers (1} 2,176,038 1,216,475 100,718 25,593 25,12 0 1 D 3,584,358
Percent of Total 61X ux 3% X " ox ox o 100X
Average 12,786 2,721,261 502,832 98,830 22,643 169,280 244,748 200,892 90, 584 4,057,076
percent of Total &% 12X X . ix X &% X Fe 100X
....-.....-.....,.-“.---u---.u----..-.----...u-.:.-..-----.-u.-.u-.-.nu.---.“-.-u--.....-nu----“-u----u-..-- aztas rmazssanennsan

(siutititles for vhom cost-of-tervice Fake studies were conducted by Broun and Caluwetl’s Pleasant HIVL, €A ofiice, '
(b)Source: City of Pittsburg \PRY/70 Sumary of Revenuck wnd 8730/90 Enterprise Fund Statement, Additional Fudipg from Assexsment plstrlcts,
Transfers from other funds from peneral fund.  Tanes to pay recevelopment bonds for treatment plant,

(c}mesidential customers nat wetered.
(disource: City of Uest Sacramento 1991792 Budget erd 6730/90 Financial Statement. tranciers from other funds from redevelopment sgency.
[e)Source: Warthrldge Vater 1989/90 Actuals snd &/30790 Finoncist Statementi. 1ramsfers from other (unds from CLP snd Surface Water funds.
Tanes Include assessment distrlct payments.
(1y5ource; Paradise Irelgation Distrlcl 1909790 Actuals erd §730/90 Finsncisl Statement. Taxes to pay debt service.
(g)Source: Soquet Creck Mater 630789 Flnancial Stalement. Gther nonoperating bncludes PERS surplus.
(hisource: City of Hert inex 6730709 Flnsncisl Stalement wted for water rate study updnte. Transfer from other funds is prior yeer sdjustment.
{1)source: City of Antloch &730/85 Flnsrcint Statement.
' AEVENUE SLREIARY S .
fiater Retex 67X
Cperating rovenu: a3
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Flie: SURALLD. WX
Date: 03/04/93
Job #: 4£825-02

fable %

IR NI AN AN YN R RTERRIRETRNT

Study
tinfty (e Date
1. City of Vest Sscremento, CA (c) Feb-92
follars {(b)
Percent of Totsl

2. Tty of Rercules, €A Jun-91
ballers {d)
Percent of Tolal

3. Clty of Rochester, WM Mar-88
Dotlers {e)
Percent of lTotal

&. Honterey Reglonal Veter braft
Pellutlon Control Agency, CA Jun-92
Dollars (f)
Percent of Tetel

Average
Percent of Total
exxx Tezaume

Accounts

Review of Sources of Revenue For Wasteuster Utilities

(s)ut|Lities for vhom cost-ol-service rate studies were conducted by Srown and Caldweii’s Plessent Hill, cA office.

{b)Source: Clty of Vest Secramento 1991792 ¥udget and 6/30/90 Flnancial Statement.

(cesldentfal customers not melered.

(d)Source: City of Hercules 8730770 Flnanclel Statement ond Sever Enterprise Revenues Summary 1989/90.

(e}source: City of Rochester 6730785 Flnancial Statement and 1987 Annwsl Budget.

(f)Source: MRVPCA &6/30/90 Flnancial Stalement snd 1991-92 Budget.

REVENUE SUMMARY:

Wostewater Rates =
Operating Revenues =
Operating Mevenues + Interest Income

rnn 22 EIITIEEEEIEIIEEEMRARaEEes po——"— R
ana Dperating Reverues m--- === Nonopersting Revernses -«<«
Gther Transfer
Revenue  Wastewster [mpact Service Interest From Other
Yenr Rates fees Charges 1 Other Esrnlngs  Texes Funds Other Total
7,500 1 :
1969790 1,943,710 649,367 40,202 93,736 SAY, A% 0 o 0 3,330,bo%
58X 20X | 1x x . mx ox ox ox 100X
5,000 1989/90
704,172 83,300 4,125 29,035 0 o [} 0 817,432
5% 0% 1} [} 9 U4 0% aox oX 100%
21,000 1904/95
3,552,435 4,939 14,520 8 24,756 40,9 15,278 2,984 3,475,323
o ox 131 ox [} X ox ox ‘100X
170,000  1989/90
9,345,300 0 316,345 0 289,000 1] ¢ 301,808 10,263,473
ox 3 24 n ox ox I 100x
30,875 3,890,452 189,502 93,803 30,693 222,163 15,230 3,820 74,198 &,521,959
L1 % 1% 114 ox ox x 100X

e N R T N N N N S N e N T Y I RN I IS RS A NN R N R AR NN IR NS A NN RS E RS Rk s AN P R ERTRL R
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SEASONALITY OF WATER USE IN THE SWEWMD
SERVICE AREA AND ITS IMPLICATIONS WITH
RESPECT TO SEASONAL RATES
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APPENDIX D

SEASONALITY OF WATER USE IN THE SWFWMD ‘
SERVICE AREA AND ITS IMPLICATIONS WITH
RESPECT TO SEASONAL RATES }

In order 1o bener understand the impact thet seasonal rates and/or any general shift in the ]
recovery of annual revenue requirerents from fixed charges (the fixed monthly service charge)
10 variable charges {the quantity tharges) will have on cash flow and/or rate equity, we have .
analyzed certain purmpage data for 1988 through mid-1992. Based on our analysis, we have iz I
following conclusions: :

1. In analyzing the total pumpage data for the entire Southwest Florida Waler ]
Management District (District) service area, it is clear that there is a peak in abom
May for all 5 years {1988 through 1592) for which we had data {se the attached
Figares D-1 through D-5 for 1otal pumpage for all utlities). In 1988, Lhc.b ]
appears 10 be a fall peak TOctober) of almost equal magnitude to the spring pezt
while in 1991, thers is a peak in Decembes which is significantly greater than the
spring peak whose magnitude is abowt 20 percent less than the normal spring peal I
{sce magnitude of spring peaks in 1988, 1989, and 1990). We suspect te
reduction in the 1991 spring peak is the result of the 2 days per week irrigaten
restrictions imposed by the Distict In both 1989 and 1990, the fall/winter pesk ]
is 2 minor peak compared to the spring peak. In 1992, there is a retum to the
pormal (in terms of magnitude) spring peak In summary, it appears frem \
analyzing the total pumpage data, that there is a major peak in the spring and 2 '
minor peak in the fall/winter. As a consequence, those utilities that adopt seasonal

rates should assess the peak seasoral quantity cherge during the 4-month pencd, |

Fenruary through May. It is this peak that dictates the capacity of the sysu.em 234 !
the magnitude of the capacity related fixed cosis. :

2. In addition 1o analyzing tote] Diswictwide pumpage data, we also analyzed Lis
pumpage data for some individual utlities. This purnpage data, together with &l
irrigation requirements (NIR) and the level of irrigation resirictions for Lir
particular uiility, are presented in Figures D-6 through D-16. Some of b
individual uilities were sslecied becawse of their historical population increaszs
in late falllearly winter (Venice, Winter Haven, and Lakeland). The purpose ¢
analyzing the pumpage data for these individual uliliies was to deiermine ths
relationship berween the two peaks and the NIR weather varizble. That is, wa
wanted to determine if the fall/winier minor peak was also, at least partialh..
related to weather or due solely (o the arrival of pan-time residents/tounisis.

CYOIEREARLPORTIVE M OO ER-D. WS
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D-2
""-s_l
= The NIR is defined as evapotranspiration (ET) less effective precipitation (EP).
' Therefore, the NIR in month t is defined as:
(NIR), = ET, - EP/
and represents the average amount of waler required 1o prevent stress on turf
grass.
Effective precipitation, the precipitation that directly offsets ET requirements, is
estimated using a widely used equation by the USDA! as follows:
EP, = [1.25%(RAIN*25.4)°3 . 2.93] * [1Q*009 EN 24954
where:
i Ep, = effective precipitation in rmenth t (inches)
~ RAIN, = rain in month t (inches)
- ET, = evapolranspiration in month t (inches)
Essentially, this equation recognizes that EP is less than rainfall. Some rain is lost
as runoff or percolates into the ground past the turf grass root zone and $0 is not
.") effective in offsening ET.
B* In examining the plots of pumpage versus NIR in Figures D-6 through D-16, it

can be seen that generally both the major spring peaks in pumpages and the minor
fall/winter peak comespond 1o relative peaks in NIR. It is shown that there is a
significant peak in NIR in late fell/early winter for almost all of the utiities
analyzed, including the utilities with a significant increase in population durinz the
fall/early winter. This indicates that even this minor peak is, ai Jeast panially,
weather driven rather than totally due 10 any population increase. =

Despite our findings, we see no problern with the District allowing utilities with
3 part-time populalon that exceeds 20 percent of the total populaticn to either
assess seasonal rates during both peak periods (that is assess a higher quanity
¢harge during both the late spring/early summer and late fall/early winter peaks)
or exempt these utilities from having to adopt seasonal rates and allow them Lo
instead adopt angther conservation promoting rate strycture form that better meels
their particular needs for rate equity and revenue stabiliry.

*Evaporation and Lrigation Water Requirements, ASCE Manuvals and Reporis on Engineering
Practice No. 70, 1990. ‘
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PUMPAGE VERSUS TIME FOR YEAR 1991
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Pumpage, gallons
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Pumpage, gailons
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Pumpage, gallons
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Pumpage, gallons
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Pumpage, gailons
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Pumpage, gallans
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Pumpage, gallons
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EXECUTIVE SUMMARY

Increasing water demands together with limited and more expensive water supplies bave
increased the interest of water purveyors in the use of price to moderale demand. In order 1o use
price to moderate water demand, it is pecessary to quantitatively determine the impact of price
on water demand. It is, therefore, the objective-of this smdy 1o quantify the relationship berween
water price and water demand for customers within the Southwest Florida Water Management
District (SWFWMD) service area. This is accomplished by determining the price elasticity of
water demand for various tlasses of customers. Price elasticity measures the percentage change
in demand resulting from 2 1 percent change in price all other factors held constant. The results
of this study are integrated into a computer rate model that can assist utilities within the
SWFWMD in assessing the impacts on both water use and revenue resulting from adoption of
alternative rate structures.

Research Design

In order to determine the relationship berween water price and water demand, it is
necessary to develop a research methodology. This includes determining: (1) what water utilities
to include in the study, (2) what specific customer classes to analyze, and (3) what statistical
approach to use to measure the impacts of price. -

Utility Selection. SWFWMD staff and Brown and Caldwell jointly selected ten utilities
10 participate in the study. A number of criteria were used in the selection process. Because the
objective of this study is o estimate price elasticity, the most important criterion was to obtain
utilities with different water prices: A diverse and wide ranging set of waler prices increases our
ability to discern the influence of water price. Also sought were utilities from different regions

of the SWFWMD service area, those interested and capable of providing water use data, some ..

with shallow groundwater levels, some overlying deep sand soils, and ar least one private utility.
Based on these criteria, the utilities listed in Table ES-1 were selected for inclusion in the study.

Customer Disaggregation. Because water price affects different costomers in different
ways, we studied specific classes of water users. Single family homes are by far the largest class
of customers within the SWFWMD service area comprising over two-thirds of the lotal nurnber
of customers and about one-half of the 1o1al water nse. As 2 consequence, we spent a [Dajor
portion of our effort estimating the price response for this customer class.
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ES-2 )
Table ES-1 Participating Utilities
No.  Utlity County 1990 population  Private utility
1 City of Bradenton ‘Manatee - 44,303 No
2 Hillsborough County Hillsborough 130,149 No
3 Cityof Lakeland ~ Pok® 118,507 No
4 City of Lake Placid Highlands 4,410 No
5 Manatee County Manatee 190,240 No
6 City of St Petersburg Pinellas 282,392 No
7 Spring Hill Unlities Hernando 52,187 Yes
8 City of Tampa Hillsborough 468,458 No i
9 Ciry of Venice - Sarasota 18,079 No
10 - City of Winter Haven  Polk 30,011 No

‘ ‘We also analyzed water use for ten other customer classes. We selected classes that we
believe to be relatively common within the SWFWMD service area and would, therefore,
represent a significant amount of the nonsingle-family water use within each utility and within
the District. Consideration was also given to selecting classes that would serve as good
indicators for other similar types of customers based on our professional judgment The classes
selected are listed in Table ES-2.

Table ES-2 Other Customer Classes

No. Description SIC code , )
1  Apartments . '
2 Car washers 7542
3  Hospitals 806,

4  Hotels/Motels Co701
5  Laundromats 72]

° 6  Nursing Homes ’ 805
7  Office Buildings gl
8  Restaurants 5812
9 Schools (Elementary) 82]
10

Universities and Colleges 822
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ES-3

_.w Statistical Approach. To measure the impact of water price on water use, water use
E models {regression equations) are developed. On the left hand side of such an equation is water
use. On the right side are coefficients (B), explanaiory variables (X), and a residual term.

WATER = f(B.X)

Regression analysis estimates the coefficients that best explain water use given the explanatory
variables. Generally, this is done by finding the set of coefficients that minimize the variance
(least squares) of the residual term. From this approach, we can estimate the impact of water
price while controlling for other identified influences.

The modeling process consists of three major steps: identification, estimation, and
verification. The identification stage concemns selection of the explanatory variables and the
functional forma of the model This stage requires a mix of reasoning and experimenting. Based
on reasoning, we first identify likely explanatory variables. For example, we obviously expect
outdoor irrigation to"increase with hot, dry weather and decrease with cool, wet weather. Hence,
our models include weather variables. In addition, it is ‘obvious that outdoor irrigation will
increase with irrigable area and indoor use with number of occupants. In some cases, however,
it is not clear which of among several aliemnative explanatory variables is most appropriate. For
example, as discussed in Chapter 2, we have different hypotheses regarding customer reaction
10 stepwise changes in marginal price when block rates exist. 'We experiment to see which price
specification works best '

Regarding the functional form of the models, we allow for 2 flexible functional form that
can capture both nonlinear relationships and interactions among variables. In the past linear
water use models have been popular because their estimation is computationally easy. Advances ¢
in computer hardware and software, however, have made it increasingly possible for researchers ‘
to specify nonlinear models allowing for a more detailed mapping of the demand curve. :

Data Collection

The data used in this sdy came from a variety of sources. The data common to all
customer classes includes water and sewer prices, water use, weather and soils, irrigation
restrictions, and groundwater depth. Data specific to single family residential customers (number
of persons in home, Jot size, property value, presence of a pool, type of imigation system,
household income, presence of an irmigation well, and presence of different water fixmres) came
from 1990 U. S. Census information, county tax records and/or the results of a telephone survey.
Dau specific to the other cusiomer classes came from a mail survey.
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ES-+4
Results for Single-Family Bomes - |

We used repression analysis, based on pooled cross-sectional time-series data, 1o
determine the functional reiationship between water use and a2 set of explanatory variables
including price as discussed in Chapter 5. The analysis incorporates water use, water and sewer
price, weather, irigation restrictions, well depth, data from county tax assessors records, and
tzlephone survey data for 1,200 homes. Various combinations of explanatory variables together .
with both linear and percentage adjustnent model forms were considered. Completion of the .
identification, estimation, and verification stages of the modeling process ld to estimates of three _
demand functions. Démand curves for low, medium, and high tax assessor property values are
shown in Figure ES-1. The curves are pegatively sloped, noplinear, and show water use -
increases with higher property values, especially at lower prices. B

Figure ES-2 plots price elasticity, which ranges between -0.01 and -0.57, by price level
and property valpe. A number of observations can be made. First, at prices over $1.50, higher
property value customers are more price elastic. At a price of $3.00, for example, price elasticiry
for low, medium and high property value homes is -0.25, -0.43, and -0.57 respectively. Perhaps
this results becauss high value homes, which use significantly more water, have more
discretionary water use (irrigation) from which they can cut back. Another explanation is that
wealthy customers have greater ability to purchase water efficient devices (e.g., low volume
toilets) and access source substitutes {e.g., irigation wells). Hence, they have more options to
reduce their water use in response to 2 rate hike. At prices below $1.50, price elasticities are
similar among the different wealth groups.

Another observation concemns the shape of the elasticity curves. For low value homes,
price elasticity increases with price untl $1.50. At this point, these cuslomers are most aclive
in reducing discretionary uses and making the simple adjustments peeded 10 use water more
efficienlly. With further price increases, however, water savings become progressively harder -
to achieve and price elasticity heads steadily towards zero. Custorners find their utility derved L
from remaining water use is high (e.g. water for cpoking and bathroom uses), and hence are less :
willing 10 make further water cuts in response 10 price increases. For medium and high value
homes, the same patiern exists but the inflection points where customers are most Sensilive 1o
price occur around $2.50 and 3$3.00 respectively. Therefore, it takes higher prices before
wealthier customers react most aggressively in reducing water consurption, When they do,
however, they do decrease it at a much faster rate than Jower property valve custorpers. By the
Lime price increases 1o $6, there is linle difference in water use based on property value.
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FIGURE ES-1. SINGLE-FAMILY DEMAND CURVES
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FIGURE £S-2. SINGLE-FAMILY PRICE ELASTICITY CURVES
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ES-7
i - Results for Commercial Customers

For the 10 commercial customer classes, we also develop regression models based on
pooled cross-sectional time-series data to estimate the functional relationship between water use
and water price while also controlling for other factors affecting waier use, Other factors include
weather, irrigation restrictions, availability of groundwater, and customer-specific dats from mail
surveys. To account for seasonal differences in-water use among customers, the nonsingle-family
models also include a seasonal business variabie based on information elicited through the mail

SUrveys.

Chapter 6 describes our investigation of price elasticity for the 10 commercial costomer
classes (apartments, car washes, hospitals, hotels/motels, lanndromats, oursing homes, office
buildings, restanrants, elementary schools, and universities and colleges). The apartment class
is by far the largest nonsingle-family user class both in terms of number of customers and water
use. Based on 1990 U.S. Census records, approximately 44 percent of dwelling units in the
SWEFWMD service area are in multiple unit coroplexes. In this study, we denote apartments as
‘commercial (apartment owner’s perspective) although, of course, they are residential,

A major finding of the nonsingle-family analysis is that apartments, which are the second
biggest users of water within the SWFWMD service area, are very price inelastic. Water use per
gwelling unit is relatively consistent among utilities irrespective of price. We do find, on the
other hand, that car washes, hotels/motels, laundromats, office buildings, restaurants, and -
elementary schools respond, to a limited degree, to price. Price elasticities range from -0.14 to
-0.71 as shown in Table ES-3. Analyses on hospitals and nursing horoes did detect a negative
price elasticity. The sample size for universities proved too small to make any inferences about
price elasticity.
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é Table ES-3 Summary Results for Commercial Customers
] Total monthty Mean water  Mean marginal
observatlons use price  Price elasticlty
Class (N)  Accounts  Unit factor  gal/dayfunit $/1,000 gals at means Model R2
Apartments 4,807 174 Apariments 107 301 0 0.64
Car wash 514 17 None 4,672 214 070 0.17
Hosphtals 671 n * Deds 96 1.08 0 0.04
Hotels/motels 3525 113 . Rooms | 145 251 048 043
Laundromats 1,511 58 Washers 172 297 -0.14 0.06
Nursing homes 1,983 54 -Rooms 96 2.67 0 0.54
Office bulldings 3,763 116 1,000 9 3.00 -0.33 0.29
Reslaurants 3274 122  Seats 29 3.10 -0.28 0.19
Schools {elementary) Y2497 67 Students 6.0 11 -0.25 0.32
Unlversitles Yoy 9 Students 136 205  Indeterminate 0.001
Total 21,832 752

= 2077
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CHAPTER 1
INTRODUCTION

This is an empirical study designed to determine the relationship between water price and

water use for cenain categories of customers-within the Southwest Florida Water Management

District (SWEFWMD) service area. Increasing water demands together with limited and more
expensive water supplies have increased the interest of water purveyors in the use of price to
moderate demand. The results of this study are integrated into a computer tate model that can
assist ptilities within the SWFWMD service area to assess the impacts op water use and revenues
resulting from adoption of alternative rate structures.

The results of previous research provide some guidance on expected price elasticities.!
Estimates, however, differ widely. The differences in price elasticities among the various
empirical studies are commonly atribuied to differences in such factors s modeling approach,
types of customers, climate, and price level. Unformnately, the lack of consensus on the level
of price elasticities leaves policy makers with a range that is so large that they offer water
purveyors litle useful information on expected water use changes with respect to price. For a
utility that is changing its rate structure, the difference between assuming an elasticiry of -0.2 as
compared to an elasticity of -0.6 can have a dramatic impact on revenues. This uncertainty tends
to discourage the use of price as a Tuanagement toal. The parpose of this study is to more
precisely identify price elasticities as a function of price level and other nonprice variables for
customers in the SWFWMD service area so to reduce this uncertainty. :

A major challenge in conducting this study is to control for impacts of nonprice factors
on water use. Figure 1-1 plots mean water use against mean marginal water price {(including
sewer charges when appropriate} for a sample of single-family homes from 10 different water

utilities within the SWFWMD service area. The sample of homes is described in detsil in

Chapter 4. The line that best fits the data (minimizes the square of the vertical deviations)
clearly shows that as water price increases water use decreases. Becanse water use is influenced
by a variety of factors, however, one needs to beware of assuming a strict causal relationship.
Differences in water use armong utilities may, in part, be cansed from differences in other factors
such as weather, irrigation restrictions, average lot size or wealth: For example, the homes in
the City of Bradenton have reladvely low averape lot size (8,312 fi%), while homes in
Hillshorough have the highest average lot size (15,529 fi?). Given that water use increases with
lot size, these observations partially explain why single-family residential water use within the
City of Bradenton lies below the demand curve while single-famnily residential water use in
Hillsborovgh lies above the demand curve. This point iliustrates the need for a complete analysis

'A survey of water price elasticity studies conducted prior to 1984 can be found in Boland,
J.J., B. Dziegielewski, D. D. Baumann, and E. M. Opitz, Influence of Price and Rate Structures
?n Mur;'scipa! and Industrial Water Use, U. S, Amy Crops of Engineers Contract Report 84-C-2,

une 1984,
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of water use with respect 1o all factors. Much of the effort in this study goes towards accounting
for nonprice factors. This controlling for exogenous factors increases the precision and reliability
of our knowledge of the response of water use 1o price.

i

Another major challenge in conducting this study is developing a price specification. In
many cases, it is not clear what exact "price signal” is being received by customers. The price
to which customers respond becomes ambigudns when customers are charged different prices for
water and sewer service depending on how much water they use in a specific billing period.
Chapter 2 addresses this issue and presents alternative-price specifications which are then used
in the water use models.

.

| S

Chapter 3 presents a description of the research design. The water use from customers
within ten different SWFWMD water utilities is analyzed. Although a number of criteria are
used in selecting which utilities to include, the primary aim is to include utilities representing a
wide range of water prices. Utilities included in the study are from the City of Bradenton,
Hillsborough County, City of Lakeland, City of Lake Placid, Manatee County, City of
St Petersburg, Spring Hill Utlities, City of Tampa, City of Venice, and the Ciry of Winter
Haven. Because price can have a different impact on different types of customers, we
disaggregate customers with similar water use characteristics into different classes. The impact
of price on water use for single-family homes and 10 other distinct user classes is analyzed.

Chapter 4 defines and summarizes the wide variety of data used in our analysis. Some
data come from existing sources such as weather data from the National Ocganic and
Atmnospheric Administraion (NOAA). Other data are generated solely for the purpose of this
study from telephone and mail surveys. ]

[ [ [ 3 ]

Single-family homes are the most common users within the SWFWMD. They actount
for over three quarters of municipal customers and one-half of municipal water use. Therefore,
a majority of our effort is spent in estimating price elasticity for single-family homes. Tix
results of this portion of the study is presented in Chapter 5. The analysis of the impact of price. -
on water use for ten other customer classes including apartments, car washes, colleges and J
universities, elementary schools, hospitals, laundries, hotels/motels, nursing homes, office
buildings, and restaurants is documented in Chapter 6. e © J

Chapter 7 presents the results of an analysis of aggregate water use for the City of Winter
Haven in order 10 determine the price elasticity of aggregate demand. The empirically J
detennined price elasticity of aggregale demand is compared 10 the aggregale price elasticity
calculated by muliiplying the price elasticities for the various cusiomer classes, as determined in
our micro analysis, by the weighted average water usage by each customer class to determine if
the results are consistant

*Based on dewiied records from Tampa and Winter Haven.
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! CHAPTER 2
PRICE THEORY

The first law of demand in economic theory is that as the price of a commodity increases

the quantity demanded decreases. Empirical research has consistently shown this relationship to

be true for water. Although the direction of the relationship is well understood, the precise

relationship between water price and demand is not. In some cases, changes in water price have
linde impact on water use; while in other cases, waler use is very sensitive 1o price. ° =

This chapter reviews issues that are central to estimating the relationship between water
price and water use. The first section sets out our objective of mapping out the demand curve 5
and defines price elasticity. Subseguently, we discuss the second law of demand—price elasticity
is greater in the long run than short run, Third, some of the utilities included in our investigation
employ 2 block rate pricing structure and thus we must bypothesize as to what price signal
customers are responding. We hypothesize that the customers’ perception of block rates may be
more accurately captured in our models by using "ramped” rates instead of block sates. Lastly,
we address two estimation problems that arise when analyzing the price impact of block rates
relating to income effects and simultaneiry bias. '

Demand Curves

A demand curve expresses the functional relationship between water price and water use.
Such a curve, with water price on the vertical axis and water use on the horizontal axis, is shown
on Figure 1-1. A distinctive property of 2 demand curve is that it is negatively sloped, that is,
as water price increases, water use decreases.

Ap ey

Economists corsmonly use the term "price elasticity™ when refeming to the reladoriship
between water use and water price. Price elasticify measures the percentage change in quantity
dernanded resulting from a one percent change in price, all other factors held constant! That
is, price elasticity, denoted as 1|, is defined as: -

-

. FPercentage Change in Water Use
1 Perceni Change in Price

n

For exarnple, if a water price incraazse of 1 percent lead to 2 0.2 percent reduction in waler use,
price elasticity would be -0.2.

"Using calculus, price elasticity at a given point on the demand curve equals 3Q/0P * P/Q.
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Although price elasticity estimates are negative, as a result of negatively stoped demand 9
curves, price elasticity can vary as a result of various factors. The type of customer class is one
such factor. As discussed in Chapter 3, we analyze the impact of price on the water use of -
singie-family homes and 10 other user classes, each of which may have differently shaped -
demand curves. Price Jevel is another factor. Price elasticity at high water price levels (e.g., ¥
$6/1,000 gallons) can be dramatically different than at low price levels (e.g., $1/1,000 galions).
To accommodate for this possibility, we allow the water demand curves to take on a flexible .
functional form. Demand curves are not necessarily, for example, restricted to being Linear. In .

addition, for single-family customers, price elasiicity is measured as a fanction of different
property values. Wealthy people may behave differently to a price increase than nonwealthy
people. Using this level of detall helps us better customize our prediction of the price 5
responsiveness of users within 2 particular Southwest Florida Water Management District
{(SWFWMD) utility in the computer rate model.

L

We are restrictzd to estimating that portion of the demand curve between the prices
charged by utilities in our study, ranging from $0.40 to $7.05/1,000 gallons. Fortunately, this 1
is a relatively wide range, and should cover most of the prices faced by customers within the 4
SWFWMD service area. Theoretically, the demand curve intersects both axes. AL some
exceedingly high water price (e.g., $100/1,000 gallons), customers would choose not to purchase -‘-
any water from a water utility. Customers would oblain water from wells, private suppliers (e.g. -
botded), or other extemnal sources. At the other extrerne, a zero price would lead to a surge in
~ water use.? Linle anentiomris given to these extreme cases, however, because of their minimal R
practical value. Water managers are most often concerned with the slope of the demand curve p <
in the vicinity of current prices. ' q
|
‘When a customer’s sewer bill is linked directly to water consumption (1.e., not & flat rate), =
both water and sewer charges contribute 10 the overall price signal sent to customers.” This is 3
the case for all customers receiving sewer service in this study. For single-family customers,
however, it is common to have a limit on how much water is assessed the quantity or commodiry o
portion of the sewer bill. Typically, the sewer cap is set at zabout 10,000 gallons/month/home. -~
Uiilities expect that water use above the cap is for. outdoor purposes and, therefore, is not y;
retumned 10 the sewer sysiam and should not be considered in computing the sewer bill
’ o~

Lake Placid charges a zero price for the first 5,000 galions/month. Because this threshold
is commonly exceeded, however, we can not accurately predict what would happen to water use
if all water was charged at a zero price (i.e., flar rawe). Therefors, we list the next lowest price -
of $0.40/1,000 gallons as the lower bound. - -

*Throughout this repon, reference to water price periains io the combination of water and
applicable sewer prices.
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_—\ Short-Run and Long-Run Elasticity

The second law of deraand concerns short- versus long-run response to price. Changes
in water use result from a combination of behavioral changes (2.g., not letting the water run while
brushing testh) and structural changes (e.g., converting landscape from turf grass to xeriscape).
In the short-run, customers can affect behavioral changes but are limited in their ability to alter
capital investments in outdoor landscaping and water using appliances and fixtures. Once 2
customer makes a water related investment it becomes a sunk cost. It may take a long time
before that investment needs replacing. It may take an extreme climate fluctuation (e.g., freeze}
before landscaping gets replantz=d with droughti-tolerant alternatives (xeriscape). Bathroom
fixtures (e.g., toilets) may last for over 30 years. Hence, while price increases may induce
customers to act sooner, it may take some customers years to complete desired changes. In
addition, it may take a customer a number of billing cycles just to understand the ramifications I
of a rate structure change. Because of these factors, price elasticity can be expected to be greater
in the jong run than in the short run.*

All utilities analyzed in this study had relatdvely constant prices, after adjusting for
inflation, during the stdy period. As a consequence, price elasticities estimated in this study are
Jong-run in nature. Customers have had years to adjust their water using behavier, fixtures and
landscaping 1o desired levels. Because of the absence of significant price changes during the
study period, it was not possible 10 measure short-run price elasticities,

Block Rates

With block rates, a customer pays a different unit price with increasing increments of
water use during a billing period. In the SWFWMD service area, the presence of increasing
block rates are common. Water gets progressively more expensive with increasing use.

In contrast, sewer prices are uniform. A given customer pays the same price for each unit * -
of water.* For single-family customers, bowever, the presence of sewer caps effectively create
declining block rates. Once waler use exceeds a given threshold ammount, the marginal sewer
price becomes zero. The combination of water and sewer charges can lead to a multitude of
price signals. -7

“Carver, P. H., and J. J. Boland, Short- and Long-Run Effects of Price on Municipal Water
Demand, Warer Resources Research, 16(4), 609-616, 1980,

*The price paid among custorers, however, can differ. In some utilities (e.g. Spring Hill)
cgmmercial class categories with higher wastewater concentrations of suspended solids {(SS) and
biochemical oxygen demand (BOD) pay 2 higher unit price than residential customers.
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Figure 2-1 shows combined water and sewer prices for single-family homes within the
ten utilities included in this study. A great variation in price exists.* Hilisborough has the
highest combined price at $7.05/1,000 gallons. When water use exceads the sewer cap of
8,000 gallon/month, however, price drops as it consists only of the water charge of
$1.80/1,000 gallons. Venice, on the other hand, has no sewer cap. Its relatively high priced
walter equals $6.21 for ait units of water sold. On the low end is Lake Placid where walter price
is zero for the first 5,000 gallons/month and $0.80/1,000 gallons thereafier. Appendix A lists the
water and sewer prices for each utility over the stwdy perod.

Block or Ramped Rates

With multiple prices, it is important to determine what overall price signal is being sent
10 custormers. Obviously, marginal price is a relevant price signal. Marginal price equals the
price paid by a customer for the last unit of water bought during a billing period. For customers
considering reducing their water use by 1 unit, marginal price equals the financial reward for
doing so. .

For customers using water that is near a block threshold level, however, the price signal
may be a combination of prices from the two blocks. Given an inclining two-block price
structure, for example, a customer that would otherwise be in the second bleck may remain in

—the lower priced first block because that customer does not want 10 pay the higher second block
price for the next unit of water use. In this case, marginal price equals the first block price. The
second block price, however, had an influence in keeping this customer in the first biock. Hence,
the second block price is part of the price information 1o which that customer responds.

_Conversely, customers barely entering the second block may be influenced by price in the
nonmarginal first block. Water customers often make decisions without perfect information and
may only have a vague notion if they are going to enter a second block in 2 given billing period,

especially at the beginning of a billing period. Hence even if they end up entering the szcond. .

block, resuiting uncertainty may have led them to perceive a lower marginal water price.

To test the hypothesis that customers respond to a combination of block prices, we create
an altzmative price specification—ramped marginal price. As a customer moves towards a block
threshold, the price in the first block becomes less important and the price in the second block
becomes more important. When a customer is at the threshold, pricas from both blocks are given
equal weight Finally, as a customer goes beyond the threthold, the influence of the first block
price progressively diminishes to zero. Where should the ramps begin and end? This is a
question that must be answered by analyzing the data. Ramps are set at different intervals away
from the block threshold, at plus and minus 1, 2, 3, 4, and 5 thousand gallons/month per bome.

“The price variation is larger than that shown in Figure 2-1 as 40 percent of single family
homes do not receive and hence are not charged for sewer service,
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FIGURE 2-1. SINGLE-FAMILY HOME WATER AND SEWER PRICES FOR 1992
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To illustrale the concept, Figﬁre 2-2 shows the location of the ramps for a uvility with an
inclining two-block rate structure. It has bean assumed that the ramps are Linear.

_ It is interesting 0 note that as the ramps get longer, ramped price becomes closer to
average price, Some ressarchers have prefemed 1o use average price in their models based on
the ideas expressed above for ramped mates. If, on the other hand, the data support very short
ramps, then marginal price is the price signal being received. If ramps are moderate in length,
then for some customers marginal price is the best indicator (customers not near a block
threshold) and some type of average price is best for others (customers near a block threshold).

Bill Difference

In the context of electricity demand, Taylor and Nordin’ developed an income correction,
known as a bill difference variable, for customers facing block rate pricing stwucrures.
Essentially, the bill difference variable is an income variable measuring additions or subtractions
1o consumer income arising from differences in block rates and fixed charges. Most recent
empirical demand analyses associated with water and electric utilities nsing block rate pricing,
incorporate a bill difference tenm in their models.”

To illustrats, assume two identical customers facing the same marginal water price but
different rate siructures. The first customer faces a uniform rate where all water is charged &t
price P, and where the resulting water quantity demanded is Q, as shown on Figure 2-3. The
second customer, facing an increasing two-block rate stricture, pays the lower price P, for waler
up to Q, and price P, for water above that amount. Both customers pay the same marginal price.
The second customer’s water bill, however, is lower by (P, - P,)*Q, because of the Jower priced
first block. This creates a relative increase in disposable income which can be used 1o buy more
goods. If water and income are positively related, the second customer will buy more water
moving out ta Q,. Thus, given identical customers facing the same marginal price, differences
in rate structures can cause different demands for water. In a similar manner, decreasing block
rate structures lead to relative decreases in disposable income. Differences in the fixed bill
{monthly service charge) among wtilities can also lead 1o income effects.

-

*Taylor, L. D., The Demand for Electricity: A Survey, Bell Journal of Economics, 6(1), 74-
110, 1975; Nordin, J. A., A Proposed Modification of Taylor's Dernand Analysis: Comment, Belf
Journal of Economics, 7(2), 719-721, 1976.

‘For exarnple, Agthe, D. E., and R. B. Billings, Dynamic Model of Residential Water
Demand, Water Resources Research, 16(3), 476-480, 1980; Howe, C. W., The Impart of Price
on Residential Water Demand: Sorme New Insights, Water Resources Research, 18(4), 713-716,
1982,
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FIGURE 2-3. BILL DIFFERENCE ILLUSTRATION
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) To account for these income effects, researchers have vsed a bill difference variable
defined as the difference betwsen a customer's total water bill (including fixed charge) and the
amount paid if all water is purchased at the marginal price (excluding fixed charge). This bill
difference variable can be subtracted from the wealth variable in the demand equation to effect
the comrection as is done in Chapter 5.

Simultaneous Equation Bias

Block rates also complicate the estimation process by creating an endogenous relationship
between water use and water price. Based on the first law of demand, water use is negatively
related to water price. With block rate$, however, water price also changes depending on water
use. This recursive relationship violates one of the assumptions of regression analysis® and can
lead to biased coefficients.

Researchers have employed instrumental variables of marginal price to corrsct for this
type of endogenous relationship.’® The instrumental variable, which is highly correlated with
marginal price but not correlated with the eror term of the demand equation, is typically
constructed nsing simultaneous equations. The first equation {2-1] consists of the. structural
demand equation where water use is 2 function of a vector of coefficients (1), marginal price
(MP) and a vector of other explanatory variables (X). In the second equation [2-2], MP is a
function of a vector of coefficients (B2), block prices and water use. -

WATER USE = {(B1, MP, X) [2-1]
MP = f(B2, BLOCK PRICES, WATER USE) [2-2]

Typically, 2 two-stage Ieast squares approach is used to estimate this system of equations. The

second equation is estimated first to obtain an instrumental variable of marginal price. The i
instrumental variable is then substituted for marginal price in {2-1] and that equation estimated. "B
This procedure removes the simultaneity bias. ' o :

*The violation is that the price explanatory variable and the residual wrm are no Jonger
uncorrelated. :

Agthe, D. E., R B. Billings, J. L. Dobrz, and K. Raffieee, A Simultaneous Equation
Demand Model for Block Rates, Water Resources Research, 22(1), 14, 1986; Chicoine, D. L.,
S: C. Deller, and G. Ramamurthy, Water Demand Estimation Under Block Rate Pricing: A
Simultaneous Equation Approach, Water Resources Research, 22(6), 859-863, 1986; Jones, C.
V., and J. R Morris, Instrumental Price Estimales and Residential Water Demand, Warer
Resources Research, 20(2), 197-202, 1984, '
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The bill difference variable also has an endogenous relationship with water use. This
problem can be handled in an analogous manner by creating a third equation o obtain an a J
instrumental variable for the bill difference (BD) variable. We used this two-stage approach in
estimating the single-family models described in Chapter 5.
BD = (B3, BLOCK PRICES, WATER USE) [2-3) ]
~ -
]
=
J
- - 1
4
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RESEARCH DESIGN

A proper research design is critical in accurntely determining the relationship between
' water price and water nse. Major design decisions include (1) what water wilities to include,
(2) what specific customer classes to analyze, and (3) what statistical approach to nse W measure
the impacts of price. These issues are discussed in this chapter. Another.design issue, what
f customers within each utility and within each class to include in the study, is discussed in
Chapter 4. g

Utility Selection

j Southwest Florida Water Management District (SWFWMD) staff and Brown and Caidwell
jointly selected 10 utilities to participate in the smdy. A number of criteriz are used in the
selection process. Because the objective of this study is to estimate price elasticity, the most

1 iraportant criterion is 10 obtain utilities with different water pricas. A diverse and wide ranging
set of wartes prices increases our ability to discern the influence of water price. Also sought are

, utilities from different regions of the SWFWMD service area, those interested and capable of

S providing waler use data, some with shallow groundwater levels, some overlying deep sand soils,

O) and at Jeast one privale utility. Based on these criteria, the wtilities listed in Table 3-1 were
selected for inclusion in the study. Figure 3-1 shows their Jocation within the SWFWMD service

area. ‘

Customer Disaggregation

' Because water price affects different cusiomers in different ways, we.study specific | B
classes of water users. Single-family homes are by far the largest class of customers within the

SWFWMD service area comprising over three quariers of the total number of cusiomers and

about one-half of the total waler use,! As a consequence, we spent 2 major portion of our effor

estimating the price response for this customer class. This effort is described in Chapter 5.

|

We also gnalyze water use for 20 other customer classes. We select classes that we
believe 1o be relatively common within the SWFWMD service area and, therefore, represent a
significant arount of the nonsingle-family water use within each vtility and within the Distier
Consideration is 2lso given to seleciing classes that would serve as good indicators for other
similar types of customers based on our judgment. The classes selected are listed in Table 3-2.

"Based on detailed records from Tampa and Winter Haven.
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Table 3-1 Participating Utilities

No. Uilicy County 1990 Population Private Utility -
1 City of Bradenton Manatee - 44,303 No
2 Hillsborough County Hillsborough 130,149 No
3 City of Lakeland Polk 118,507 No
4 City of Laké Placid  Highlands 4,410 No .
5 Manatee County Manatee 190,240 No
6 City of St Petersburg Pinellas 282,392 No
7 Spring Hill Uilisies Hemando 52,187 Yes
8 City of Tampa Hillsbhorough 468.45§ No
g City of Venice Sarasota 18,079 No
10 City of Winter Haven Polk 30,011 No
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Figure 3-1 Location of Water Ltilities
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Table 3-2 Other Customer Classes

No. SIC Code i Description

1 - - Apartments -
2 7542 - 'Car Washes =
3 806 Hospitals -
4 701 Hotels/Motels -
5 721 Laundromats
6 - 805 Nursing Homes ]
7 _ 81 : Office Buildings _
g 5812 Restaurants ’
9 821 Schools (Elementary) - .
10 822 Universities and Colleges

Chapter 6 covers the analysis of the impact of price on water use for these customer classes.
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i} Statistical Approach

To measure the impact of water price on waler use, water use tnodels (regression
equations) are developed. On the lefi hand side of such an equation is water use. On the right
side are a vecior of coefficients (B), explanatory variables (X), and a residual term.

WATER = {(B, X) + RESIDUAL (3-1]

Regression analysis estimates the coefficients that best explain water use given the explanatory
variables. Generally, this is done by finding the set of coefficients that minimize the variance
(least squares) of the residual terrn.  Using this approach, we estimate the impact of water price
while controlling for other identified influences.

The modeling process consists of three major steps: identification, estimation, and
verification. The identification stage concerns selection of the explanatory variables and the
functional forrn of the model. This stage requires a mix of reasoning and experimenting, Based
on reasoning, we first ideatify likely explanatory variables. For example, we obviously expect
putdoor irrigation to increase with hot, dry weather and decrease with cool, wet weather. Hence,
our models include weather variables. In addition, it is obvious that outdoor irrigation increases
with irrigable area and indoor use with number of occupants. In some cases, however, it is not

~ clear which of 2mong several alternative explanatory variables is most appropriate. For example,

-, a&s discussed in Chapler 2, we have different hypotheses regarding the length of the ramp needed

9) in constructing the ramped marginal price when block rawes exist We experiment 1o see which
% price specification works best

Regarding the functional forra of the models, we allow for a flexible functional form that
can capture both nonlinear relationships and interactions among variables. In the past linear
water use models have been popular because their estimation is computationally easy. Advances
in computer hardware and software, however, have made it increasingly possible for researchers g
to specify nonlinear models allowing for a more detailed mapping of the demand curve. o :

Estimation of the coefficients in the models is done using nonlinear least squares, If
certain asspmptions hold, then estimated coefficients ke on the desirable properies of being
consistent, asyroptotically efficient, and asymptotically normally distributed.! As part of the
verification process, we test 1o see if the residoals are independently, identically, and normally
distributed. Transformations o correct for assumption violations are mmade as necessary, We also
correci for simultaneity bias ag described in Chapter 2.

'.?udge, G.G., W.E. Giffiths, R.C. HiJl, H. Lukepohl, and T. Lee, 1985. The Theory and
Practice of Econometrics. 2nd Edition. John Wiley 2nd Sons, New York, New York.

O CA L WEPOR Tl SR T-OTHAS . 0TS
QS Ferzs




(i

o Chapter 4

_ Data _
C ol lection '



Pt

EXHIBIT

(T 51)-3

PAGE__ 3G oOF ]53

CHAFPTER 4

DATA COLLECTION

The data used in this study comes from a variety of sources. In this chapter, we first
describe data common to both the single-family water use models presented in Chapter 5 and the
comrercial water use models presentad in Chapter 6. The data common to 2l customer classes
includes water use, weather and soils, irrigation restrictions, and groundwater depth. Price is
covered in Chapler 2. Finally, we discuss data specific t each customer class,

Water Use

‘Water use data comes from meter recordings made by the utilities for billing purposes.
In most cases, meter reads are made at monthly intervals. Exceptions include Tammpa whick reads
its meters bimonthly and Venice which reads some of its meters quarterly. The bimonthly and
quarterly readings are convertsd into monthly observations by assuming that waler use occurs
uniformly between reads.

The uvtilities were asked to provide waler data for the four year period July 1988 1o June
1992, Although all ytilities had the most recent data, somse did not have data for earlier months.
Table 4-1 shows the periods for which water use was provided by each utility, Utilities-also
provided information on which customers receive sewer service and which customers have
irrigation meters. For customers with irrigation meters, we combine water and irrigation meter
water use. Our sample includes 18 single-family customers with irigation meters.'

We eliminate water use observations that are either zero or over 10 times the average
water use for that customer. ‘This removes periods when a property was vacant or unusual
periods such as when a water leak occurred.

Weather and Soils

We calculate monthly mrfgrass evapotranspiration (ET), effective rainfall (ER), and net
irrigation requirement (NIR) over the smdy period for each utility. Weather stations selected to
represent each utility are shown in Table 4-2. Each wility has a National Oceanic and
Awmospheric Administration (NOAA) rain and emperature gauge located near or within their
service area.  'We use two stations for Tampa depending upon which station is closer 1o &
particular customer. To calculate ET, we also need solar radiation and wind speed which is not

1 . . 1y I

As all 18 customners received sewer service fram a utility, it is unclear whether water or
combined water and sewer price should be assigned 10 these customers. We set price equal 10
the average of the rwo.
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Table 4-1 Water Use Histories
Utiliry Period
Bradenton Feb-89 to Jun-92
‘Hillsborough Tul-88 to Jun-92
Lakeland - Sep-89 10 Jun-92
~ Lake Placid Jui-88 to Jun-92
Manates Aug;89 to Jun-92
St Petersburg Jul-88 1o Jun-92
Spring Hill Dec-88 1o Jun-92
Tampa i Jul-88 10 Jun-92
Venice Jan-91 to Jun-92
Winter Haven Oct-90 10 Jun-92
Table 4-2 Weather Stations
Utility Temperature and Rainfall Solar Radiation and Wind
Speed
Bradenion Bradenton 5 ESE Bradenion 5 ESE
Hillsborough Temple Terrace Brzdenton
Lakeland Lakeland Lake Alfred
Lake Placid Archbold Biologic Avon Park
Manatee Bradenton 5 ESE Bradenton 5 ESE
St Petersburg St Petershurg " Bradenton 5 ESE
Spring Hill Weeki Wachee SWEFWMD
Tampa Tampa ARPT & Temple Bradenton
Terrace ’ )
Venice Venice Bradenton 5 ESE
Winter Haven Winter Haven Lake Alfred
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3 measured at most stations. For each utility, we assign a nearby NOAA or SWFWMD weather

station that does measure solar radiation and wind speed. If a station has a missing observation,
we use the next closest station to obtain a substitute value.

In calculating ER, we include the effect of the type of soil as a factor. Turfgrass planied
in deep sand soils, which are highly permeable, cannot retain precipitation in the root zone as
well as other soils. As a consequence, less rain bécomes effective in offserting ET. Using the
Florida General Soils Atlas published by the Florida Department of Administration in 1975, we
identify deep sand soils as those classified as areas dominated by sandy draughty soils not subject
to flooding. Customers in Hillsborough, Lakeland, Lake Placid, Spring Hill, and parts of St~
Petersburg overlie deep sand soils. Other areas predominately have sandy loam soils.
Appendix B contains the formulas used to calculate ET, ER, and NIR and lists monthly values >
of the weather parameters used in the calculations for each vglity. H

Figure 4-1 plots ET, rain, and NIR by month over the study period. ET has a distinct,
consistent seasonal patiern: low in the winter and high in the summer. ET for nufgrass averages
41 inches per year over all utilities> Average annual rainfall equals 51 inches per year, over
half which comes in the summer months June through Sepiember typically from convective
thundershowers. However, less than half of the rainfall, about 18 inches, is effective in reducing
ET. Rain from large rainfall events, which are common, tznds to get lost as runoff or percolale
past the shallow root-zone of turfgrass. In contrast to ET, rainfall is variable. A utility can =
experience significant deviations in its norroal seasonal patiern (e.g., May 1991). In addition,
there are significant differences in the amount of rainfall among the vulities. NIR eguals the
difference between ET and ER and averages about 23 inches per year over the study period.’
In general, NIR peaks in the spring months (May) and then again to a lesser extent, after the
summer rains, in fall (October). Because rain is variable, NIR is also variable.

Irrigation Restrictions

Irigation restrictions arc an important consideration in this study. In response to drought
conditions, the SWFWMD has at times mandated irrigation restrictions limpiting when municipal
irrigation (e.g., }Jawn watering) can take place. Limits include both time-of-day and day-of-week
restrictions. Restrictions do not limit the amount of water a customer can use for imigauon
during allowable times.

__ Table 43 lists the irrigation restrictions in effect over the study period for each of the
utilities, Restrictions were most severe in the spring of 1991.

}':]f-:alhcr averages are computed over a 4-year study period and may differ from long-term
norm :

*Because of management and mechanical inefficiencies with sprinkler irrigation systems,
actual water use is probably significanty higher than NIR indicates.
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FIGURE 4-1. WEATHER AVERAGES
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TABLE 4-3. SWFPWMD IRRIGATION RESTRICTIONS ' L5

Definlliors: st Digii  ~Days per wesk that iondscape imigation premitted

DI 2nd Digit  =Dit no no-doy festrictions
) «1 i imigation pronibiled between 9 a.m. and § p.m.
=2 if imgotion prohibited betwesn 10 am. and 4 p.m.
wl It imigation resticiad to § o.m. to 9 p.m. ond aiso § pm. fo ¥ p.m. for non-n-ground sonnkiing sys!
wd I iigation rasticled to 7 pm. to 9 p.m. 7

Hils- Loke o Winter

Brodarton  borough Lokelond Plocid Mongtee  5t.Pete SorngHBl  Tompo  Venice Hoven

70 n 70 ) 2] o 70 70 70 70

7 ysl I n n m © N 70 ™

70 o7 70 m e} 0 ™ 70 Foe) 7

70 biol o] b o) o bie) 7 70 b

Fio] 70 bs o br} o b} o] 7 70

7 70 70 hoo) o) 7 n 70 ™ m

70 70 70 70 70 0 b} 0 biel 70

n n 7 n bl n 70 n 24 7

N 7 n 7 k) 7 70 7 24 _ 7l

3 71 7 bl a 71 70 N 24 bl

3 n n n 3 n 7 3 24 bal

L} 7t ] 7l 5N 7 7 31 3 n

3t n 7N 7 N n 7 3N 2N n

3 7 n Fal k)| 7 n n 3 7

3 K| N 3 ) al 7 3N 3 kA

KA | a 3N 3 N n ar 3 at

3 kA - N 3 kA n 3 N N

n ES 3 3N 3 N 3 3 N N

31 n a 3 2 2 3l 3t 3 3

3 3 3 3 3 LY 3 3 N a

kA 31 3 EH 3 EA| 3 31 n 3t

N 7 k3 3 21 21 kS 21 23 3

21 21 3 N 21 21 A a1 21 3

21 2 31 n . 21 2 N 2 21 k)

Jui-30 21 21 3 N 21 b3 as 21 2 )|
Aug-30 2 2 3 n 2 2 3 2 2 3
Sep~50 7 21 N N 21 21 3 28 21 3
Oci~50 byl 21 3 N 21 o5} 3 2 21 3
Hov~30 21 23 3 N 21 71 N 2 21 N
Dec~50 21 21 N 3 2 21 ar 21 2 EH
Jan-$1 2 2 N k)| 2 s o] N -2 21 3
Feb-3) 2 21 N 3 2 o n’ 2 23 L)}
Haz~31 23 13 2 2 2 13 X} 13 23 b1
Apz=91 X} 13 a 2 23 3 2 13 2 2
May-91 23 13 bx) 22 bl 3 3 12 2 bx]
Jun-51 23 13 I 2 B 13 2 13 2 »
Jul-91 21 P4l 21 21 21 2t ¢l zi 21 2]
Aug-351 I 2 72 72 b3 n 72 3 n b7
Sep-91 72 N 72 T2 72 72 2 N N brl
Oct-31 72 n 72 n 72 72 72 k| 7 72
Nov-$) n 7 72 72 n . n 7 an 7 72
Dee-21 72 71 ” 72 72 n 72 3 7 72 -
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TABLE 4-3, SWFWMD IRRIGATION RESTRICTIONS (Continued)
Definifions: st Digit =Darys por week that loncscupa imigation premitied

2ng Digt =D if no infro-doy rastrctions
= if mpotion prohibited batween 9 o.m. and 5 pm.
=2 if imgation prohibited betwesn 10 0.m. ond 4 p.m.
=3 if imigation resticted to 5 o.m. {0 pm. ond oo 5 p.m. to 9 pm. for nm-n-grn.ndspﬂl‘nqm
=4 if imigotion resticted fo 7 pm. to ¥ p.m.

Hilis- Llake Winter
DATE Brodenton  borough Lokeiond Piogic Monatee 5 Pele Soring MW Tomoc  Venice  Hoven
Jan-92 72 n n 72 7 2 72 ES 7 12
Fab-92 k7! 71 7z 72 72 72 72 3N n 7”7
Har-32 2 2 = z' 2 z 72 21 n z
Apr-92 z 21 z = pr) 2 72 21 2 »
May-92 2 2 pr) z pr] z 72 0 S 21 n
Jup-52 o) 21 = = » 2 72 2 2 brd

* West Hilsborough had D doy per week imigation in Ot 90, Jan 91 ond Feb 91 due 16 o tronsmission line break
(no sngle fomity homas offected) .

)
]
)
]
]
J
J
]
]
]
]
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Groundwater Depth

For customers within certain regions of the SWFWMD, installation of an irrigation well
tan be an attractive alternative to buying utility water for irrigation. Groundwater serves as a
souwrce substitvte. In regions that have shallow water tables, installation of wells is most
suractive, as drilling and pumping costs are minimized. In Lakeland and St Petersburg, for
example, numerous wells exist that are less than’ 50 feet in depth. While this water can be
inexpensive, it is often high in organics and nonpotable, It is common, therefere, for customers
to drill shallow wells only for irrigation purposes and to purchase potable water from a uility.
In contrast, water customers in areas without easy access to groundwater are much more reliant
on utility water. Table 4-4 shows well depths reported to the SWFWMD from 1987 10 1951 for
wells up 10 4 inches in diameter. We use the average well depth as an explanatory variable in
our models (sze Appendix E).

SINGLE-FAMILY HOMES

Data specifically concerning single-family homes came from three sources: the 1990 U.S.
Census, the county tax assessor, and 2 lzlephone survey,

1990 U.S. Census

From each utility, we picked 20 street blocks containing single-family homes. The
selection process invelved two criteria, both based on review of information in the 1990 Census
of Population and Housing Summary Tape File 1A (STF 1A) produced by the U.S. Deparunent
of Commerce, Burean of the Census. First, we chose blocks whose housing stock is at least

90 percent single-family homes. Next, we selected blocks so that the owner-specified property

values over ali blocks in each utility are in proportion to the owner-specified property values in
the SWFWMD service area as a2 whole. This is done so that we would get a consistent balance
of low, medium, and high value housing among utiliies. ~

We obtained address ranges for the homes on each block by )consulling geographic
information sysiem (GIS) computer maps based on county 1990 U.S. Census TIGER files.

County Tax Records

Each county in Florida maintains tax assessor records available to the public. Using the
address ranges obtained from the GIS maps, we went to various county tax assessor offices and
rewdeved specific steet addresses, assessed property values, lot size, house size, and pool
information for each single-family home in our study. The number of customers with tax
assessor records is 2,814,
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Toble 4-4. Groundwoler Wel Depths and Soll Type

8y

Hils- Winled
Uity kodenfon  botough  lokeland Loke Placld  Manolee SI. Pela _ Sping Ml Tampa Venice Hoven
Towrship 35 29 28 36 a5 31 23 29 9 28
Ronge 17 20 23824 9 17 16 17 18 19 26
Welt Depih (feel) )
025 o 0 0 0 0 163 0 0 2 0
26.50 i ) 0 206 | 117 124 2 4 44
51.75 1 0 2 44 1 0 256 5 23 12
76100 43 9 1 6 43 4 326 3 14 0
101125 50 8 1 4 50 ) 322 9 13- 5
Y26-150 13 15 4 4 13 15 131 n 29 5
151175 9 21 1 5 9 14 39 4 ¢ 8
174-200 7 2 3 1 7 ¥ Kk} 10 é 8
200+ ) 17 42 19 1 17 35 49 11 1 40
Tolol Wetb 141 118 31 2N 141 94 1260 55 ni 122
Ave Depth 127 176 190 49 127 69 100 149 121 127

} '

$ol fype 0 1 1 1 1] 0 1 0 1] B

Inigation web depths reported to SWFWMD over 1987-91 for wells equol to or fess Ihan 4° In diameter.

Soll Iypé definktlons using Flodda Generol Solls Allas for selecled single-family blocks:

1 = areas dominated by sandy droughly sofls not subject to flooding

0 = olherwise

*Soll Type = 1 for §1 Pelersburg single fomlly block 22503
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Telephone Survey

To find out specific information about individual single-family horpes, we designed and
conduetad a telephone survey in September 1992, Using the street addresses from the County
tax assessor records, we consulted reverse telephone directories which list telephone numbers by

street address.

The survey provides information concerning septic systems, outdoor irrigation systems,
reclaimed water, irigation wells, home ownership, number of occupants, presence of & pool,
presence of different water fixtures, property valve, and houschold income. We successfully
contacted and obtzined completed surveys from 1,213 of the 2,814 single-family customers for
which we had County tax assessor data. We believe this 43 percent response rate is high for this
type of survey. Appendix C includes the survey and 2 summary of responses. A summary of
the majority responses is presented in Table 4-5.

Table 45 Summary of Single-Family Telephone Survey

Percent

Question Yes No
Receive sewer service from utility? 75 25
Use hose-based irrigation systemns? 63 37
Have irrigation well? V! 66
Own home? . 95 5

Lived in home for over 4 years? &5 15
Have pool? . |20 80
Have clothes washing machine? 98 2

Have dish washer? ’ 63 - 37
Have parbage disposal? ’ 47 53

Furthermore, a total of 13 customers responded that they receive reclaimed wastewatsr
for irrigation purposes. We excluded these customers from the analysis leaving 1,200 customers
in our data base, For custorers having in-ground irrigation sysiems, irmigation timers, irrigation
wells, and pools, we asked if they had been installed within the last 4 years, If the answer was
yes, we asked for the date so that we could adjust for this fact in our Ume series observations.
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To gavge a customer's wealth, the survey asked the occupant to select one of ten ranges
of property valoes and one of nine ranges of household income. We encountered customer
reluctance to disclose such information, especially income, Only 87 percent answered the
property value question and only 65 percent answered the income question.

Fortunately, we also bave property values obtained from county tax asssssor records. We
use this source in our models for two reasons. First, the 1ax records provide property values for

all bomes. Second, we regard tax assessor data to be more consistently measured amopg -

customers than what we elicit from the telephone survey.

It may be useful, however, 1o know the relationship between the property values obtained
from the tax assessor and other wealth variables for planning purposes. The property values
obtained from the County tax assessor are comelated with both the property values and income
obtained from those customers answering the cormresponding telephone survey questions' and
from the property values obuained from the U.S. Census, using ordinary least squares regression.
The results are presented in the relations set forth below.

PVTELE, = 23,763 + 0.03385*PVTAX, R?=0.47 N=1054 [4-1]
INCOME, = 21,966 + 0.3486*PVTAX, R2=0.18 N=786 42
PVCENSUS, = 1.1447*PVTAX, R’=0.20 N=1,200 ~  [4-3]

where,

PVTELE, = property value of home i from telephone survey (mean=381,082)

PVTAX] = property value of home i from county tax records (imean=360,6%6)

INCOME, = annual household income for home i from telephone survey (mean=$42,955)

PVCENSUS, = median owner-specified property value within block group of home i from 1990
U.S. Census (mean=$79,413) )

As expected, all three wealth measures have a positive correlation with property valucs
oblained from the County tax assessor (ie., all coefficient are greater than zero at the I percent
significance level). The County tax assessor values, however, are below those found by the
survey and Census. The mean property value from tax records is $60,696 and the mean property
values from the survey and U.S. Census are $81,082 and $79,413 respectively. Because of these
differences, utilities cannot simply substitute survey or Census property values for tax assessor
property values when calculating price elasticity. As the results of Chapter 5 show, price
elasticity changes with property value. '

“‘Because the telephone quastions about wealth are categorical, we assume property and
income values are half way between the defined ranges. For example, if a customer answers that
property value is betwesn $60,000 and $80,000, then property value is set to $70,000 in the
regression analysis.
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1n most applications of our results, however, Census information may be the only readily
available source. Utilities can unse this data, but only after it is transformed 10 become
commensurate with County tax assessor propeny va.Iues In this case, this can be accomplished

by using equation [4-3]),
COMMERCIAL CLASSES

For comdmercial customers, information on individual customers comes from the results
of 2 mail survey. In general, the surveys elicit inforpation regarding number of units (e.2.,
aparument Units, restaurant seats, hospital beds), business hours, seasonality, and outdoor
irigation. Details varied to some degree among classes and, therefore, a unique survey i
designed for each class. The surveys and summaries of respoases are presented in Appendix D.
This information is used in developing the explanatory variables for water use in Chapter 6.

We decided that using 2 mail survey was the best way to gather this information. Some
survey questions, namely questions eliciting ssasonal business patterns, are believed 1o be 00
detailed for a telephone survey. To improve accuracy, we wanted the respondent to have time
to read and reread questions and to be able to check written records or other sources of
information. For schools and universities, we obtained stwdent enrollment from the Florida
Deparumpent of Education. -

Regerding sample size, owr goal is to obtain survey and water use data for at least
100 customers in each of the 10 commercial classes. To amain a wide water price variation, we
want the sample to be balanced over the uilities as best as possible.

Consulting commercial tlephone direciories, we sought to randomly select 30 custamers

from each class and from each uility to send mail surveys. For maost classes, however,

30 candidatz customers do not exist within the service area of a utility. For hospitals, for
example, only 61 customers are identified over all utilities. In these cases, we survey all the
custorpers available.

The mail surveys were sent out by SWEWMD staff in July 1992. For those failing o
respond, a follow-up mailing was made in August 1992, Preliminary resuits showed our sample
sizz 10 be smaller than expected® and as a consequence, we selected additional candidale
customers and sent out another mailing in March 1993.

*For 16.7 percent of the commercial customers to which we sent surveys, we received a
completed mail survey but could not obtain matching water use. This loss occurred because a
utility could not match the name and address we gave them to the corresponding billing account
(especially Spring Hill and Winter Haven). Brown and Caldwell also inadvertently sent mail
surveys (o some customers located just outside of the targeted pullities’ service boundaries.
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For the customers sent mail surveys, we sent name and address listings 1o each
corresponding utility requesting water billing histories. We obtained water use and survey daa
for 752 customers. Table 4-6 shows a summary of the number of customers by class and urility,
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fable 4-6. Commweicial Customen with Water ond Survey Dalo
. HNurdng Torget  Resporae
Ulility Apordmenls Cor Wash _ Hosplial Holal Loundry Home Dlfice_Restowronl  School Univenily Grond lolol Gioup Sie Rate
rodenlon 14 2 2 4 4 ] 12 9 7 y; 62 %0 21%
Hilsborough 14 0 J 1 4 2 113 12 18 4] 10 29 %
Loke Plocid i | 4] 1 0 0 1] 5 2 o 1o 21 4%
Lokelond A 2 0 15 1} ¢ 1] 15 1 2 n 72 2%
Monoles 13 0 o 5 5 2 21 28 -] 2 " 215 4)%
Spring Hit 0 o 0 1 o V] o 3 1 o, 5 63 %
1. Pele 57 ] 1 1% 13 2] 5 0 19 2 * 174 656 3%
Turmpa \ 51 4 13 521 23 1o 5 12 3 3 232 s n%
- Vonlca 4 ] 1 4 0 1 ] L] 0 0 n 120 12%
Winlor Hoven 10 o 2 1 D | 0 1] o 0 14 170 %
Grand tolal 174 17 22 13 58 54 118 122 o7 9 152 P11 2%
Taige! Group Size 673 N BA 452 07 141 39 525 173 k) 2.741
Resporne flale WL 5% 6% 5% b 0% s 2% 9% )% 27%
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Y CHAPTER §

RESULTS FOR SINGLE-FAMILY CUSTOMERS

This chapter describes our investigation of the price elasticity of water demand for single-
family residential custozoers. We use regression analysis to determine the functional relationship
betwesn water use and a set of explanatory variables including price. The analysis incorporates
water use, waier and sewer price, weather, irrigation restrictions, well depths, data from County
tax assessors records, and telephone survey data for 1,200 homes as described in Chapter 4.
Various combinations of explanatory variables together with models of different functionat form
are considered. This chapter describes the model whose price elasticity results we recommend
be incorporated into the conservation promoting water rate structure computer program.

Model Functional Form

We incorporate three features into the functional form of the water use model. First, the
model must be flexible in mapping the demand function. Prce :]asucxty may vary significantly
with price leve] and, as a result, the demand curve must be pliant}

Second, the model can treat nonprice explanatory variables as either shifters or
transformers of the demand curve. When an explanatory variable is a shifter, it moves the entire
demand curve 10 the left or right depending on its value. In our model, shifters do not alter price
elasticity because they do sot change the slope of the demand curve. A transformer, in contrast,
changes the slope of the demand curve. In our model, property value acts as a2 wansformer. At
a given waler price, we test to see if price elasticity varies among customers with different
property values. This fearure is imporiant for planning purposes. High and low income .
communijties may have different responses to an identical price change.

The third feature of this model is that it measures the percentage change in water use. .
occurring from changes in certain explanatory varabies, that is, the model is a percentage
adjustment model® This type of model differs from linear models, in the way the change in
water use 1o the change in an explanatory variable is specified. The change is in relative, not
absolute, erms. For example, a $1 increase in water price would lead to a "x" gallon/day change
in water use as measured via a linear mode] but would lead 1o a "y* percentage change in water
use as measured viz a percentage adjustment model. Because our analysis covers customers with

'Previous research has restricted the demand curve to be linear in shape or calculated through
a logarithmic transformation.

IAI} example of a percentage adjustment model is shown in Whitcomb, J. B., Water
Reductions From Residential Avdits, Water Resources Bullerin, 27(5), 1991.
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a wide range of water use, we believe that the proportional view better captures the impact of

price and the other factors on water use.’ ]

Recommended Model ]

Completion of the identification, estimation, and verification stages of the modeling . ]

process results in us recommending the following model: .

WATER, = ({105 +23*PER; + 0.69*NIR,*LOT)) 15-1a) ]
(] - 0.073*IR1,, - 0.023*IR2,, + 0.002*IR3;) [5-1b]
"1+ 0.18*(DWELL,-DWELLAVEYDWELLAVE) [5-1c] }
+ 47*POOL) {5-1d) ]
(1 + PVLOW,'0.0000SZ‘!'(‘?.OS-WZJ"’ [5-le] '
+ PYMED;*0.00085*(7.05-MP2,,*" _ [5-1f)
+ PVHIGH,*0.00298*(7.05-MP2,)**) (5-1g) ]

where,

WATER,, = gallons/home/day for horne i in month t

PER, = number of occupants in home i from telephane survey ]

NIR;, = net irrigation requirement in inches in wtility serving home i in month ¢

LOT, = 1ot size of bome i in 1,000 £ from tax records (min=5, max=18) _

IR1;, = 1 if irrigation limited to 1 day per week; 0 otherwise ]

IR2, =1 if irrigation limited to 2 days per week; 0 otherwise

IR3, = 1 if irrigation limited w0 3 days per week; 0 otherwise

DWELL, = average well depth ip feet in utility serving home i ]

DWELLAVE = average of DWELL, over all homes in all utilities (121 feet)

PVLOW, = 1 if assessed property value < $48,000; 0 otherwise

PVMED, = 1 if $48,000 <= assessed property value < $71,000; 0 otherwise ]

PYHIGH, = 1 if assessed property value >= 571,000; D otherwise . :

MP2, = marginal waler and sewer price in $/1,000 gals. (1992 dollars) with +/- 2,000 ]
gallon ramp

PCOL,, ‘=1 if borne i in month t has pool; O otherwise

The amount of the variation in water use explained by the model (R?) equals 0.55. The ]

total number of observations is 42,257. All coefficients take on their expectzd mathematical sign

and are significantly different from zero (10 percent significance level, T-ratio greater than 1.28, ]

one-tailed test), except the coefficient for the 3 day per week irrigation reswiction. The following

sections describe the toodel and our observations concerning explanatory variables. Table 5-1

summarizes statistical details of he variables and model estimation. J

*Using the same explanatory varizbles, the amount of variance explained (R?) by the
percentage adjusirment mode] was 2 percentage points higher than with the linear model.
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™ Table 5-1. Singie Family Home Model

VARIASBLE DEFINITIONS:

NATERL, t~gallons/bome/day for home i in month t

PERI wnumber 07 ocCOPAnTs in Home i from telephene survey

WIRi,t =net irzigatien requiresent- in inches for homs i in month ¢
£Ti,t ~evapotTanspiration in inehes for home 1 in month t

fective rainfall in inches for home L in month .

LoTi -iot size in 1,000 fr2 from tax records (min=5, max=18)

IR1i,t =1 if irzigqatien limited to 1 day per week; 0 otherwise

IRZi,t =1 if irrigation limited to 2 days per veek; D ostherwise
IRIL,t =1 if irriqaticn Jimited to 3 days per week; D othervise
DWELLY waversge wall depth in feet in utility serving home i
DWELLAVE=avezage of DWELLL over all weilities N
POCLi,t =1 4f home i in month t has peel: 0 otharwise

PVLOME =1 i asseased propercy valuw € $48,000; 0 otherwise

PYMEDL =) if 543,000 <= assessed propertcy value < T1,000; C othervise
PVHIGHL =1 §f assessed property valuve > $71,000; 0 otherwise

WP2i,t wmarginal water and sever price with +/- 2,000 gallen ramp in §/1,000 gal -
RESi,t = residual Term

VARIABLE DESCRIPTIVE STATISTICS:
© N MERN

HAME S$T. DEV VARIANCE HINIHUM MAXIMUM
WATER 42257 274.33 228.59 52255, 3p.5%2 1500.0
- PER 42257 2.5626 3.2492 1.5602 1.00¢0 9.000C
KIR 42257 1.9282 1.25C7 1.3242 0.0o000 5.2900
ET 42251 3.3673 o 1.1726 1.3773 1.299%0 5.8200
== EP 42257 1.37191 1.1653 1.3579 6.00000 4.4400
Lot 42257 9,0974 3.2698 10.692 ) 5.0000 18.000 -
IRl 42257 0.42384T-01 0.2914¢€ p.4p588Z-01 ©.0000C 1.0000
IRZ 422571 ©.33502 ©.47200 0.22279 0.00000 i.o0000
1IR3 42257 0.26235 0.43952 0.1%9353 o.o0000 1.0000
PV 422587 64.053 21.646 £68.54 45.000 150.00
DWELL 42251 120,84 43.834 1921.5 49.000 . 1%0.00
roOOL 42257 0,20484 0,40355 0.16283% 5,00000 1,0000
PVLCOH 42237 £.327%0 0.46945% £©.2203% 0.00000 1.0000
PVMED 42257 0.33832 O.47644 c.22700 D,00000 1.0000
PVHIGH 42257 0.32378 0.467%2 ©.21095 0.00000 1.0000
HP2 42257 2.1649 3.5442 2.3843 0.,00000 T.0500

MODEL SPECIFICATION SELESTED:

! WATERL, v = [tel =+ ¢2°PERL + cI*MIRi,:=*LOTi)

=1 + e4"IR1i,t + c5=IR2i,t + cb IRIL, 1)
= {1 + g7 (DWELL{~DWELLAVE) /DWILLAVE}

+ £8*POOLL, L)

*(1 + PVLOWivgd~(T,05-MP24,t)""c10

+ PVMEDi=£11- (7, 05-MP24, 2} " 612

+ PVHIGHA=el3~{7.05-MP21,t}="ecld)

w + ¢15*RESS,t-]1 + RESL.t

HMODEL ESTIMATES:
COEFFICIERT ST. ERROR T-RATIC

el 104.53 3.5531 29.447

c2 22.54% 1.1426 19.730

c3 0. 68518 0.47142E-01 14.3522 -
c4 -9.72949E=-0) 0.18753£-01 -3.8501 -
<5 «D,229722-01 0.97330E-02 -2.3597

cé 0.10406E-02 D,15990E-01 0.15518

e} D.isoez 0.235552-D1 7T.676&

c8 &£7.055 3.6378 12.935

cy ©.32736Z-04 0.24164I-04 1.31548

cil 5.4492 0.38075 14.212

cll O, 84964203 0,49904E-03 1.7026

€12 3.0823¢C 0.305315% 12.52%

il ©.29%702-02 C.85778E-03 3.4705

cl4 3.2358 .143580 . 22.891

cls C. 634080 C.35108E-02 2197.9D

R-SQUARE BETWIIK OBSTRVED AND PREDICTED = 0.3905

TILITIES = 1O .
HOMZS = 1,203 -
N = 52,287
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Base Water {se

The first erm, [5-1a), of the model estimates base water use as a function of an intercept,
number of occupants, pet irrigation requirement, and lot size. Estimation finds that the intercept
equals 105 gallons/day, water use increases by 23 gallons/day with each occupant, and water use
increases by 0.69 gallons/day for each inch of NIR for each 1,000 fi of lot. This first term in
the model represents base water use because other tetms in the model fall out when no immigation
restrictions are in effect, when well depth is at its mean value, when there is no pool, and when
price equals $7.05 per 1,000 gallons. Changes in these variables from these conditions lead o
percentage changes in base water use as described in the pext sections.

An alternative model specification includes botb ET and ER instead of NIR. We find the
coefficients are nearly identical and opposite in sign, as expected. Becanse this specification does
not improve the model's ability to explain water use, we chose the simpler model that has just

the one weather variable NIR.

‘We also explore refinements to the lot size variable~ We find that lot size over 18,000
{f does not correlate with increased water use. This may result from the fact that only the area
immediately surounding a house is irrigated, and not the entire lot in the case of houses with
very large lots. Only 5 percent of the homes in our smdy have lot sizes exce.edmg 18,000 ft*,
Similarly, we find that lot sizes below 5,000 £, 4 percent of the houses in our saraple, do not
comrelate with decreased water use. The lot size variable (in 1,000°F°) is set 10 a rinimum of &
5 and a maximum of 18 to reflect these findings. thm the range of 5,000 to 18,000 fi', we
find water use 1o be closely proportional 10 lot size.

In a search for a beter measure of irrigable area (better than lot size) to use as an
explanatory variable, we subtract home size, as obtained from tax records, from lot size. This
new variable, however, does not irnprove the explanatory power of the model. This may resuli
from the fact that the home size available from tax records does not measure the base area of
"footprint” of the home, but rather the iotal square footage of a house including multiple stories
(if any). Therefore, only for one-story homes would lot size minus home siz2 be a valid
surrogate for irrigable area. This is not always the case in our sample group.

P S

»
-

Irrigation Restrictions

The imposition of irrigation restrictions correlates with water use reductions as shown in
the termn designated {5-1b]. The greatest water use reductions occurred when imrigation was
limited to 1 day per week. Water use during the 1 and 2 day per week limitations dropped by
7.3 and 2.3 percent respectively. The IR3 coefficient is positive and not statistically different
from zero. Hence, we conclude that the 3 day per week frigation restriction was ineffective at
lowering water use. Arempts to account for time of day differences in the restrictions (e.g.,
9 am. 10 5 p.m.) were not successful. -
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5.5

Well Depth and Pools

Groandwater Ievel is an important variable in the water use model as indicated by term
[5-1c). In areas with high groundwater levels, water users have a readily available substitute 10
utility water for irrigation. In total, 34 percent of the homes in our study report having irrigation
wells. These homes tend to come from areas- with high groundwater levels. We include the
DWELL variable in the model to help account for the viability of an irrigation well.' Every
percent change in DWELL from its mean value DWELLAVE (121 f1), jeads 10 2 0.18 percent
change in water use. If DWELL is 60, for example, then the 50.4 percent decrease from
DWELLAVE leads to a 9.1 percent decrease in water use. The presence of a pool comelates
with a 47 gallon/day increase in water use.

Property Value

The mode] estimates three demand curves relating 1o homes with low, mediurm, and high
property values. Each property value designation accounts for a third of the homes (400) in the
study. A slight adjustment is made to assessed property values to account for income differences
arising from the vse of different rate stuctures as discussed in Chapter 2. We calculated a bill
difference variable defined as the difference between a customer’s total water and sewer bill
(including fixed charges) and the amount paid if all water is purchased at marginal water and
sewer prices (excluding fixed charges) as follows:

BD, = BILL,, - MP*WATER,, [5-2]
where,
BD, = bill difference variable for customer i in month t
BILL,, = tota] water bill including both the fixed charge and quantity charge for .

cusiomer i in rponth t

For customers facing biock rates, we estimate an instrumental variable of bill difference because
of the endogenous relationship between the bill difference variable and water use as discussed
in Chapter 2. For those custorzers facing a uniform rate, the bz}.l difference variable simply
equals the fixed service charge and requires no cormrection.

‘Appendix E explains why DWELL is preferred gver the presence of an irrigation well as
an explanatory variable,
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The next step is 10 convert the bill difference variable into terms of property value, Using =
equation {4-2] from Chapter 4, dividing the bill difference by 0.348641 translates income dollars '
into property value dollars. For each customer, this result is then annualized over the stedy
period and subtracted from the property value variable. This completes the bill difference
adjustment to the propercy value variable for sach customer.

Price i

. Each demand curve is estimated using two price coefficients. The first is a scaler and the
second an exponent. Price is subtracted from 7.05, the highest price in the stdy, 50 2s to set N
7.05 as the price corresponding 10 base water use. The advantage of this specification is that it
allows the demand curves to take on a pliant form as shown in Figure 5-1. The curves are
negatively sloped and show water use increases with higher property values, especially at lower "
prices. They are highly nonlinear.® To adjust for inflation, all prices have been are converted
into 1992 dollars using the U.S. Department of Labor consemer price index for U.S. cities.

We analyze six altemative ramp specifications for those customers facing block rates as A
discussed in Chapter 2, Ramps start and end at 0 (Le., no ramp), 1-, 2-, 3-, 4, and 5-thousand-
gallons/month increments on each side of a block threshold. Among the ramp options, ramps =
extending plus and minus 2,000 gallons/month best fit the data (highest R*). We conclude, .
therefore, that customers perceive block rate structures more in terms of ramps rather than rigid
block increments.,

Figure 5-2 plots price elasticity by price level and property value, A number of
observations can be made. First, at prices over $1.50, higher property value customers are mare
price elastic. At a price of §3.00, for example, price elasticity for low, medium and high -
property value homes is -0.25, -0.43, and -0.57 respectively. Perhaps this results because high
value homes, which use significantly more water, have more discretionary water use (imigation)
from which they can cut back. Another explanation is that wealthy customers have greater ability
to purchase water efficient devices (e.g., Jow volume toilets) and access source substtutes. (e.g.,
irrigation wells). Hence, they have more options to reduce their water use in response 10 2 raie
hike. At prices below $1.50, price elasticities are similar among the different wealth groups.

*If the demand curves are truly linear, the price exponents would equal one. This is clearly
not case as the exponents equal 5.45, 3.82, and 3.30 for low, medium and high property value
customers respecively. '
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FIGURE 5-1. SINGLE-FAMILY DEMAND CURVES
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Another observation concerns the shape of the elasticity curves. For low value homes,
price elasticity increases with price unti] $1.50. At this point, these customers are most active
in reducing discretionary uses and making the simple adjustments needed to use water more
efficiently. With further price increases, however, water savings become progressively harder
to achieve and price elasticity heads steadily towards zerg, Customers find their utility derived
from remajning water use is high (e.g. water for cooking and bathroom uses), and hence are Jess
willing 1o make further water cuts in response 1o price increases. For medium and high value
homes, the same paftern exists but the inflection points where customers ére most sensitive 1o
price occur around $2.50 and $3.00 respectively. Therefore, it takes higher prices before
wealthier customers react most aggressively in reducing water consumnption. 'When they do,
however, they do decrease it at a much faster rate than lower property value custoraers. By the
time price increases to $6, there is little difference in water use based on property value.

Irrigation System and Timer

Further analysis shows that a definite correlation exists berween water use and in-ground
irrigation system$ both with and without timers. In-ground systems without imrigation timers
correlate with a 5 percent increase in water use. Those with irmigation timers correlate with a
further 25 percent increase in water use. Do in-ground sysiems cause increased water use or do
jarge turf areas just tend to have in-ground systzms? To the extent that it is the latter, inclusion
of the irrigation system variables may distort the interpretation of other coefficients, namely the
price and Jot size coefficients. For example, if 2 low water price caused custormers to have larger
lawns, but customers with larger lawns installed in-ground systems with timers, then the model
may attribute the greater water use to in-ground systems with timers and not price. Appendix E
describes a similar problem with itrigation wells. As a resuit, we do not include irrigadon sysizm
variables in our recommended model.

Estimation

This section describes the estimation of the single family watar demand equations shown
on Figure 5-1. We use nonlinear least squares 10 estimate the values of the coefficients using
Shazam 7.0 econometric sofrware. Three correction transformations are undertaken (o improve
the desirable statistical properties of the coefficients.

The first comrection concerned the variance of the residual which is not constant zmong
customers. A heteroskedastic residual term violates one of the assumprions of regression which
leads to estimators that are not asymptotically efficient and whose estimated variances are, in
general, biased. To correct for this situation, economemicians ofien use a weighting technique
(Le., weighted least squares). Through graphical plots, we find that the residual’s standard
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deviation increased closely with lot size. Using lot size a5 our weight, we divide both sides of
demand equation [S-1] by lot size as shown below and re-estimare the coefficients. This

procedure corrects for problems arising with heteroskedasticity.

i

WATER/LOT, = f(8 X)/LOT,; [5-3]
where, ' -
B = vector of coefficients to be estimated
X = vector of explanatory variables

Diagnostic tests also find the residual to be autocomrelated. Regression coefficients are
not asymptotically efficient when the residual is autoregressive. To correct for this fact, we
include a first order regressive term to the error component  The model is as follows:

WATER,, = f(8X) + p*RES,,, + RES,, - [5-4)

where, : —
P = . first order autoregressive coefficient

The last correction concerns simultaneity bias as discussed in Chapter 2. For customers
facing block rates, we reduce possible simultaneity bias by developing a second equation that
explains marginal price (with the ramp) as a fonction of block prices and quantity of water
purchased. The resuiting simultaneous set of eguations are estimated using a two-stage least

“squares approach. Through the reduced form price equation, we calculate the instrumental price
variable for customers in Hillshorough, Lakeland, Lake Placid, Manatee, St Petersburg, and
Tampa using a different set of estipators for each utlity,. We do not include customers from
Spring Hill, Winter Haven, or Venice because they tharge uniform rates and, therefore, are not
subject to simultaneity bias. We also do not have to include water only cusiomers in
Hillsborough and Lakeland because, in the absence of the sewer charge and dismissing the 2,000
gallon first block price in Lakeland, they are charged a uniform rate. Although Bradenton has
three blocks separatad at 3,000 and 25,000 gallons/month, the customers in our sample almost
always exceeded the first block and never entered the third block. Hence, they 1oo effectively
faced a uniform charge. In addition, as Tampa switched from’ uniform to block water rates in
January of 1990, we exclude observations before this time. The resulting values of instumental
price variables are substituted into the demand equation which is then estimated using nonlinear
least squares. An analogous procedure is undertaken to also remove siroultaneity bizs from the
bill difference variable. '
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=
The definition of the variables, variable descriptive statistics, and the coefficients of the
final mode] are shown in Table 5-1. All coefficients take on their expected mathematical sign
and are significantly different from 2ero at the 10 percent significance level (T-ratios greater than
1.28 for one tailed tests) with one excaption. The model did not find water savings for the
3-day-per-week irrigation restriction o be statistically significant
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CHAPTER 6

RESULTS FOR COMMERCIAL CUSTOMERS

Linle is Xnown about how commercial customers respond to water price. Previous
research has focused almost entirely on the estimation of price elasticities of either residential
or aggregate water use. To our knowledge, the only significant smudy on price elasticity of
commercial customers was conducted by Lynne et al' on customers located in the Miami,
Florida area. The price elasticities for five categories of users were calculated and the results are
lisied in Table 6-1.

Table 6-1 Lymnne et al Study

Number of Price Elasticity at Mean Price

Class Description Customers and Water Use

Department Stores 20 -1.33

Grocery Stores 19 -0.76

Hotels/Motels 40 and 93 -0.12 and -0.24

Eating and Drinking ' 24 -0.174

_ Establishments
Other businesses M -0.48

This chapter describes our investigation of price elasticity for 10 commescial cusiomer

classes, As described in Chapter 3, the commercial classes include aparuments, car washes,
hospitals, hotels/motels, laundromats, nursing homes, office buildings, restaurants, eiementary
schools, and universites and colleges. The apartment class is by far the largest nonsingle-family
user class both in terms of number of custoroers and water use. Based on 1990 ULS. Census
records, approximately 44 percent of dwelling uvnits in the Southwest Florida Water Manageroent
Disuict (SWFWMD) service area are in multiple unit complexés. In this smdy, we denole
parimenis as commercial (aparunent owner's perspective) although of course they are residential.

This chapter consisis of sections discussing the water use modeling of each of the 1n
customer classes, The demand curves are mapped as conventional functions of prce.
Unfortunately, we do not have large enough sample sizes or the balance of customers from each
utility 10 map ot more precise, nonlinear demand curves as is done with the single-family

'‘Lynne, G. D., W. G. Luppold, and C. Kiker, Water Price Responsiveness of Commercial
Establishments, Water Resources Bulletin, 14(3), 719-729, 1978.
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residential custorners. For each class, we look at a wide set of possible explanatory variables |
including class-specific information from the mail surveys, weather, average well depth, and

irrigation restrictions. Because business activity can vary seasonally, especially for businesses

affected by seasonal residents and tourism, the mail surveys elicit seasonal business paterms for ]
six of the classes.

After removing variables with coefficients with the wrong expected mathematical sign and I
those not statistically different from zero at the 10 percent significance level (T-ratio less than
1.28, one-tailed test), we obtain our selected models. The models are linear and are comrected
for first order autocorrelation. Becanse commercial customers do not face sewer use caps and ]
rarely jump water price thresholds, we do not use ramp prices or comect for simultaneity bias.

Table 6-2 shows a summary of results for the commercial customers, The major finding I
is that for apartments we do not detect a negative correlation between water use and water price.
We conclude from this evidence that sparuments are very price inelastic (elasticiry near 0). On h
the other hand, the other models suggest that the watsr use by car washes, hotels/motels, I

laundromats, office buildings, restaurants and schools is significantly affected by price, but is still
classified as inelastic {elasticity less than -1}, For hospitals and nursing homes, the model finds
positive elasticities. We conclude that because of stringent hygiene requirements, these customers l
are highly inelastic. Finally, the sample size of universities is 1o small to make any
interferences. - l

Apartments . I

Our sample includes 174 apartment buildings which bave a total of 18,583 apariment
units. Figure 6-1 plots mean water use per apartment unil against mean marginal price averaged I 3
over the July 1988 10 June 1992 period for each utility. Water use is relatively constant in all 3
ntilities ranging berween 100 to 150 gallons/day/unit No relation between water use and price- -
is visually evident : -

Because apartment water use (tike single family water use) can be affected by factors
other than price, it is necessary t control for these factors in estimating the impact of price. We
use multiple regression to measure the correlation betwesn water use and selected explanatory
variables including water price. The explanatory variables generated from mail survey data
include average monthly occupancy rate, average nursber of occupants per unit, and the presence I
of clothes washers, dishwashers, garbage disposals, and a pool at the apartment coroplex. In
addidon, evapotranspiraton, effective precipiation, irrigaton resuictions, groundwater depth, and
marginal water price are considered. I
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Table 6-2. Sumrnory Resulls for Commerclaf Customers

Meaon
Tdial Monthly } Marginol
Observatlons Mean Waler Use Price Price Elasticily
CLASS (N Accounis  Unlt Faclor  Gal / Day /Unll  §/1.000 Gals Al Meons  Model R2
Apariments 4,007 174  Apardments 107 3.0 o 0.64
Car Wash 514 17 None 44672 2.74 -0.70 0.17
Hospttals YA 22 Beds ) - 305 . 0 0.04
Hotels/Motels 3525 13 Rooms 145 2,51 -0.48 0.43
Loundromals 151 58 Woshers 172 297 0.4 0.06
Nursihg Homes 1983 54 Rooms 96 2.67 0 . 0.54
Office Bulldings 3.763 116 1.000 12 2 3.00 -0.33 | 0.29
Reslguranis 3274 122 Seals 29 3.0 -0.28 0.19
Schools (Elemenloty) 2497 &7 Studenis - 60 333 -0.25 0.32
Universities 287 9 Studenils 1.6 205 Indeterminate 0.00

Tola! 22,832 752
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Mean Marginai Price (3/1,000 Galions)

Figure 6-1. Apariment Water Use
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Estimation of the mode]l shows that only those coefficients representing number of
occupied units, average number of occupants, and two out of three murf size variables took on
their expected mathematical sign and are significant at the 10 percent significance level as shown
in Table 6-3. The price coefficient both tock on the wrong sign (positive) and is staustically not
different from zero.

. This evidence leads us to conclude that water use by apartments (multiple-family dwelling
units) is very price inelastic. This may result from the fact that apariments units are rarely
individually metered. As a consequence, apartment dwellers do not pay a water bill (it is -
indirectly included as part of rent) and ofien have no direct monetary motivation to conserve
water (e.g., react swiftly to fix a toilet leak or leaky fapcet). Becayse apartment owners, on the
other hand, have a direct financial stake, increases in water price should motivate them to install
new water efficient fixmres (e.g., low-volume toilets) or replant with less water intensive
landscaping. Apparently, however, this has not occwrred to an exient that is measurable.

Car Washes

Water use per car wash is shown on Figure 6-2. The mail survey obtained information

from 17 customers on number of wash bays, days per week open, business hours on Thursdays,

. water recycling, and business seasonal parterns. Because businesses change their working hours

&)  throughout the week, we decided 1o ook at Thursdays (when all businesses are open) to get a
i consistent measure.

In the car wash model, only the business szasonal pattern and marginal price take on their
expected mathematical sign as shown in Tabie 6-4. Price elasticity equals -0.70 at mean water
use and price. The Lake Placid car wash, which has dramatically lower water use, perhaps
because of relatively low population in the sumounding area, was excluded from the analysis.

Hospitals

Figure 6-3 plots waler use per hospital bed for each utility. Average gallons/day/bed
equals 96 for the 22 hospitals analyzed. As shown in Table 6-5, only number of beds is
significant in the regression model. The price coefficient takes on the wrong sign {positive).

HotelgNMotels

Figure 6-4 plots water use per hotel/motel room against price for each utility. For the
113 hotels/motels included, water use averages 145 gallons/day/room and has a large variation.
Explanatory variables looked at in the models include number of rooms, seasonal occupancy, and
presence of pools, on-site restaurants, and on-site Jaundries.
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Table 6-3, Aparrment Hodel

VARIASLE DEFINITIONS:
WATERi,t »gallons/day Zer corplex 1 in month T

URITS wnumber ol ApazEiment upits in conplex i

DCCUPYS, t=average monihly pccupancy rate Irem mail survey
PERSON] wnumber of OCCURANTS in unit from mail “survey

WASHIRiL =1 if clothes washer Irom pail survey: 0 othervize
DISHL =1 if Zishwasher from pall suzvey: 0 otherviss
GARBAGZA =) if garbage disposal from mai] survey; 0 etharwiae
POOLI 1 if complex i has peel: 0 othervwise

TURF14 =1 if wies BLiiiTy Water RO
TURF2L =1 if uses utility waiel to
TURF3L =1 if uses utilicy vatel TO

"NIRi,t =nper irzigatien reguizement in inches

£5i.t =gvapotransplration in inches

IRI,t —effective rainfall in inches

IRii,r =i if irrigation 13 ized mo 3 day per week: O othervise

IR2.,t =1 if izrigatien lims i Lo 2 days per weex: D BLheIviIe

TRAL, S al if irrigatien g zo 3 days FeT weak; 3 ctherwise

DWZLLliI eil de in Zeel ity sesving i

MPODL, water and sewel » 5/1,000 gal

VARIASLE DESCRIPTIVE STATISTICA:

LS L KERK sT. DIV VARIAKZZ EINIFUM

WATIR 4806 11309, 16245, £.25730E~09 128.29

UNITS 4808 105.53 148.24 21876, 4.0000

occuryY 4806 087867 £.15358 D.25589E-D1 C.90000E-01
4806 2.0379 0.68Z26 D.46548 1.5000
4806 0,.18976 G.39235 C.15378 9.0C800
4806 0.53998 T.43965 C.Z4%EE £.0000%
4E2E D, 60770 £.40833 D.23843 D.ooDot
4806 0.55576 ©.62460 n.3%Cl3 t.oocod
4836 1.9271 5,938 0.81€31 0,.2C5%0
4306 D0.06E5E C.2493% 0, 62163E-01 ©.200C0
4BCH D.986522 £.23877 C.BL%45T-31  ©.000J0
4BD% 0.CEA93 0.22787 ¢.539252-01 ©.00000
4BDE 3.2834 1.1084 1.2242 1.45580
4806 1.3563 ¢, 946700 D.%351¢ 0, 46000E-01
4806 0.0776% L.26758 ©.71603E-91 ©.5O2C0
4806 ©0.37932 T 48527 ©.23548 0.960C0
4806 ©0.23804 0.42593 D.18142 0.000L0
4B06 120.91 4C.ELQ 2649.2 49.L00

1.2258 1.4996 t. €30S0

4886 3,328

MOLTL SPECITICATION SELEDTEOD:

WATIRL, = = UNITSIeSUSURYI, TSl - c2~PTREON: - g3*MP2i, D)
- e4*TURTI: = CETTURT2Y = e€*TURF3L

#ODEL ESTYMATIS:
COEFFICIENT

el
2
)
(41
L
cé 4742,

Aite C.0E262 S.793582-32
#=3CUARE BITWLIK OBSIRVES AND FREDZ
Prize eiaszicity at meany = C.040E

A DY AL REFORTIE 2R -0 TCOHAP 4. WTS —
Qis-rscs

ircigate lawn area larger than =
irricate lawn ared of 1 acrs ©f mOTe,

MAXTHUY
D.154872-C6
$0Z.0C
1.b000
4.5000
1.0900
1.0022
3.0300
3,9000
4. E30D
1.0088
3.9050
1.p000
%.3202
4.2200
1.0000
3.0000
i.opCC
190.C0
7.L580
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Flgure 6-2. Car Wash Waler Use
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Table &-4., Car Wash Model -

VARIABLE DEFINITIONS:
WATERL. T :gallon:lday for car wash i ip menth t

EXHIBIT

(\J AL -3)
PAGE__2 OF __ 153

SEASONS, Twl = average menihly business level from rajil suIvey ~

BAYSS epumber of wash bsys from mail survey
DAYSOFTY =days per week closed from mail survey

HOURSZ apumper Bf houzs open on Thussdays from mall survey ]

REECYEIES =1 if water recycled: O ocheswise

WPDi, =marginal watsr and sewver price in 571,000 gal

DESCAIPTIVE STATISTICS:
K MZAN $7. DEV

MOBIL SPECIFICATICN STLECTID!
WATERi,t = ¢l + c27SLASONi,:z + e37HR0:,z2
FODEL ESTIMAILS:

COTTTICIENT £7. TRACR T-RAZIC

€l a2ze.9 7C7.8 11.63
c2 -13193.8 £22.3 -2.28¢
cd -1186.7 222.4% 5,338 -
Aute 0.78040 £.28524Z-02 27,360

R=5CUART ALIWEIN O3SIRVIC AND PRIDICTIC = 0.1722
Price elssiigfity ac means = —0.6966

DT REARDFOA TR SN S-ITCHA? 4. WS

QM3

VARIANCE
0.7355572~07

54 £671.5 2712.9

514 £.21665 0.18745 ©.35153E-01
504 2.0.56 1.4219 2.c393

£.4 0.36270 C.482€2 0.2329%

514 14.617 E.8855 47.41¢0
514 D.830T4 C.3753% C.1408%

514 2.7425 1.09%6 1.2081

MINIMUM HAXIMUN ] °
£27.€3 13684,
D.CooDY C.BR3C
i.co00 4.C33T
©.CCoo0R i.00800
8. 4000 24,050
D.Coasd L.ogis
1.8%00 6,233
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Table 6-5. Hospital rodel . ]

VARIABLE DEFINITIONS: . - -
MATERi,t =gallons/day for hospital & in month t

BEDSi =pumber of beds in hospital i

SEASDNi, t=average menthly eccupancy rate from mail suIvey

TURF1i =1 if uses vrility wazer tpo irrigate lawn area up e the size of single £amily lawn

TURF2i =1 if uses wrility w r to irrigate lawn area larger than single Zamily lawn but laess thar D oacr

TURFI4 «1 if uses utility water to irrigate lawn arfes ol 1 acre or mole :
FIRi,t =net irrigation Zequirement in inehes ! ]
Evi,c =evapolTanspization in ipehes

ERi,z ~affective rainfall in inches

IR1i,t =1 if irrigstion limized to 1 day per veek: D othexwise

IR#i,x 1 if i{rrigaticr limized to 2 days per week: D otheIvise r

IR3i,t )l if irzigation limited to 3 days per week: D otheIvise
1 im prility sezving o
priee in $/1,000 gal

DWZLLi mavesage wvell depzh in O
HP2i.t sparginal wate:z and sewes

VARIA®LE BEISTRIPTIVE STATISTICS: l
NAME © ™ ¥ MEAX © ST, DEV VARIANCT MIRIMUM MAXIFLM
WATIR €75 29482 2BB44. 0. 835.962+09  1210.4 0.15530E4CE
BEDS §7= 3t7.%:3 285.22 sC2.3. 5,000 1024.0
SEASDY 671 0.671%4 £.2:279 6.445532-03 ©.200007~01 ©.970C0
TYRFY E7% D.21841T-t1 D.14620 £.213978-01  ©.RLOD0 1.0000 ‘
TURF2 571 D.§24025-01 0.24207 0.58600E-C1  0.09000 1.0000
TURF3 671 D, 88824E-D1 C.28426 0.BY143E=01 9.00000 1.0900
KiRr §75 2.0122 £.9607% 0.92223% ¢.20%00 4.6300
T LB 3,3918 1.5379 2.3034 1,%350 €.2650
ER §71 1.4047 1.0118 1.5487 D, 4COBOE-01  4.5258
IR 671 ©.53651E-01 0.22550 D, 50845E-C3  0.p0BEC 1,0000
iRZ §71  0.362:5 0.48c98 C.23134 p.0eoBO - 1.0008
iR €11 0.29955 £.45040 £.21013 0.00000 1.0000
DWELL §71 142.7% 24.540 §02.20 £9.000 116,00
KPe £71  3.0464 1.4439 2.0847 0. 67000 7.0800
HODEL SPECIFICATION SILECTIS: o 2
WATZRI. T = c: + ¢2"3IS5i + c3BIDSITMPRL.T ]Z -
HEDEL TSTIMATES: - l
‘COEFFICIINT 5. IAROR  7-RATIO
3 9320.8 548, 1.344
e2 -3.6374 2¢.23 -0.B093E-01 -
Lx] 22.999 6.518 3.52% - I
Auza 47552 0.22088T-0%  3%.654
R-SQUARE BETWIZN OBSTAVIS AND PREDICTID = 0,0438
Price tlastlicity at means = C.7680 [
= 1
|
|
\

oo 081 Y REAR EPCGRTISEZNE L-ONTHAY 6. WPS = !
: QM3-FEEs
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Figure 6-4. Hofel/Mole! Waler Use
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Results show that only the number of occupied rooms, presence of on-site laundries, and : I
marginal price take on the expected mathematical sign and are significant (5 percent significance
level). Price elasticity at the mean water use and price is -0.48 as shown in Table 6-6.

Laundromats -

Figure 6-5 plots water use per washer against price for laundromats within each wility.
“There appears 1o be 2 general decrease in water use as price increases. For the 58 laundromats,

the average water use is 172 gallons/day/washer. I
The mode] includes number of washers, seasonal business pattzrns, days open per week, 2

hours open on Thursdays, and marginal price. Number of washers, seasonal business patierns, ] N

and marginal price are significant at the 5 percent significance level. Days per week and hours

on Thursdays are significant at the 10 percent significance level. Price elasticity at the mean

water use and price is -0.14 as shown in Table 6-7. ]

Nursing Homes I

Florida’s popularity with retired seniors has lead 0 a large nursing home industry.
Average water use per bed, as plotied on Figure 6-6, equals 96 gallons over the 54 nursing homes ]
in our sample. The water use model accounts for beds, annual occupancy, weather, irmigation
restrictions, groundwater depth, and marginal price. Only beds and occupancy prove useful in
explaining water use. The price coefficient is positive as shown in Table 6-8. I

Office Buildings ] ’ I =

Figure 6-7 plots office water use against price for each utility. Over 116 buildings, l
average gallons/day/1,000 square feel of building equals 92. The selected model includes square
footage, marginal price, and twf size as explanatory variables as shown in Table 6-9. Price
elasticity at mean water use and price equals -0.33. - 7

Restaurants |

Figure 6-8 plots restaurant water use against price. ‘Only sit-down restaurants that served

food on plates and used flarware that require washing are included. Average water use in 1
gallons/day/seat was 29 over the 122 restaurants in the sample. From the mail survey, we
elicited number of seats, days per wesk open, business hours on Thursdays, and seasonal business
patierns. In our questionnaire, we also asked if the restaurant used disposable dinnerware. A
total of 19 replied yes and they are excluded from the analysis. The model finds price elastciry
at mean water use and price equal to -0.28 as shown in Tabie 6-10.

M P REAREPOR T SR 25-OEHAP £ WPS = ’
Qus-PsCS = ’

-
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Table 6-6. Hotels/Mosel Models

VARIAGLE DIFINITIONS:

WATERL, T =gallons/cay for hozal/motel i in montk €

ROOMSL apumbez vf roems in hctel/motel i

OCCUPYS, tmaversge monthly occupsncy Iate from mall survey

POOLL =1 if pool from mall survey; © otherwise

EATS =1 if on-site restaurant; 0 otharwise 7

WASHL al if on-site lsundry; 0 otherwise

TURF1I =1 if uses utilizy water to irrigate lavn ares up 10 the size of single Zamily lawn

TURF24 el 47 uses utility vater to irrigate lawn area larger than single family lswn DUT lwss Than . acre
TURF3I4 el if uses utility water te irrigate lawn area ef 1 acre or more .
ETi.z =avaporranspirasion in inches

ERi.z ~effective rainfall in inches

IR, t al if jrsigation limited to 1 day per week; O otherwise

IR2i.t =1 if izrigiziom limited To 2 days per week; 0 otherwize

IR3i.: wi if irrigation limited to J days per week; 0 orherwise

DWZLLi maversge well depih in feet in wiilicy serving i

PPOIL, L =marginal water and sewer price in 571,000 gal

VARIAILI DISCAI?TIVE STATISTICS:

RAr= % FEMN 5T. DIV VARIARIE MINIMUM MAXIMUM
WATER AE28 12137, 204435, 0.417925409 131.58 0.16944E+06
ROOMS 525 90.591 97.5¢7 9507.5 6.0000 400.00
oeTLPY 3525 0.B4246 0.20:82 0.40770E-01 0. 40000EZ-01 1.0000
PCCL 3525 0.60879 0.48809 0.23822 D.ocbo0 1.0000
ZAT 3E25 0.23447 C.43562 £.18377 o.opcco 1.0800
1525 0.B3B5B 0.367987 0.13540 0.0De2o i.00cCC
382% C.1927¢ C.39453 D.155€% 0.00C3C 1.%00C
3325 ©0.8€I04E-Bi ©£.24854 0.62272E-0r ©.DCOOO 1.0000
3525 0.L1628D C.36%24 D.13634 0.02630 — l.0000
1528 1.8729 - 0.90636 D0.82130 0.205%00 4.6300
3525 3.8583 1.45%34 2.112% 3.3800 6.2650
asas 1.3945 1.0188 1.0380 0.40C00CE-01 4.330C
352% 0©.61277E-01 D0.23987 0.57%38z-0% {.ooo0T l.000C
3525 0.377130 D.48478 9.23502 ©,o0000 1.0000
3528 9.3l0CT 0.4523% D.2i39% t.gooon 1.0000
DWIll 3s2c 133.25 36.947 1365.1 49.0C0 190.00
¥YFo 3525 2.5048 0. 82262 D.728695 D.670C0 7.0500

MODEL SPEUIFICATION STLICTZO:
WATERL,T = ROCOMELTGCIURYI={cl + cI-RASEL - cd™I®04i, v}

MODEL ESTIMATVES:

COEFFICIEXT §7. ERAOR T=RATID
<l 142. €1 33.22 - )
€2 75,662 25.80
e3 ~46.21% T.326
Aute C.07394 C.opr7

A-SQUARZ BITHE
Price Elastiic

CHSIRVID AND
A means = -0.48339

T O AR EPOR TIE A TACHAP 4. VPS5

Q3 Fis
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Figure §-5. Laundry Waler Use

1A%

* Bradenton (N=4)
4 5, Pele (N=13)

100 : 150
Mean Gallons/Day/Washer

O Hilsborough (N=4) * Lokelond (N=9)
O Tampa (N=23)

T

200

4 Monotee (N=5)

250

40 f[ 39vd

A

m
pas
X
w
~i




Table 6-7.

VARIABLE DEFINITIONS:
WATERi,t =galleons/day

WASHEASL =number of washer
SEASONL, tm) = averags mont

Liundry Hodel

-

for laundromat i in month T

DAYSOFFS wdays per wesk cloaed

HOURS:
MPOL, T

moumber of hours open on
emaIGinal wWater and sewer price in $71,000 gal

frem mail

VARIADLZ DESCRIPIIVE STATISTICS:

> FEAR
WATIR 1 4528.2
WASEIRS i 26,4845
SIZASON b 0.1973%
DAYSCIT i
HOURS i 14.860
Lodi] 1 2.9866

8T

o

- 0.25782Z-01 ©

MODEL SPECIFICATION SILEICTED:

. DEV
4269.5
7.9080
L1684
L 24094
2.E630
1.2824

WATERL,t = WASEEASI® (el ~ €2=S5ZASDNL,T +

MODEL ESTIMATES:

COZFFICIERT
el 23c.39
e2 L =&4.643
3 -51i.587
3 ~1.955¢8
cs -7.8543
Avte 0.85:72

5T,

£.13%72E-01

ERROR
25.5%3
22.62
45. 98¢
z.528%
2.82%

T~RATIC
3.025
-1.873
-1.401
=1,304
-z.820

60,957

s in laundromat i
hly business level frem mail survey

susvey

Thursdays Irom mail survey

VARIANCE MINIMUM
0.18229T408  133.58
§2.537 10.003
©.28361E-01 D.COOOD
9.585535-Cr  0.00030
B 2320 _ 10.6%0
1.6446 0.68020

EXHIBIT

PAGE

L) A3

HAXIMIM
j-aez,
§2.¢30

C.93022
2.06L3
24,022
T.6E3C

c3*DAYSOTT: + c4"HOURS:E + c5=MPCI.<

R-SQUARS BETWEIN CESIRVED AND PRZDICTED = S.0626
Price eiasticizy #% means = -C.1423

A DY REAR EPOR TSR LB I-ONCOUAP 4. WP

MEPERS

M9 oF _1383
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Figure 6-6. Nursing Home Waler Use
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Table 6-8, Nursing Home Hodels

VARIABLE DEFIVITIONS:

WATERi, t=gallons/day for nursing home i in menth t

REDSL wnumber of beds in nursing home i

OCCUPYL =avarage occupancy rate from mail suIvey .

TURF14 =) if uses uyrility water to irrigate lawn‘area wp ko the zize of single family lawn
TURF2{ =1 if uses utility warter to irrigate lawn area largef thin single family lawn but less than ) acre
TURF3i uwl if uses uiility water te irrigate lawn area of 1 acre O moI¢

NIRi,t wnet ircigation requirement in inches .

ETi,t wevapotranspiration in inches

ERi, ¢ =effeciive rainfall in inches

fR1i,t =1 4f irrigatien limited to )1 day per week: © othervise

TR2i,7 =) 4f irrigatzicn limized to 2 days per week; D othervise

TRI4, T =1 if irrigation limited to J days per week; D otherwise

DWZLLL =average well depih in feer ip wTdldivy serving i

MPCi,t =marginal water and sewer price in 571,000 gal

VARIABLE DESTRIPTIVE STATISTICS:

NANE N MEAR 5T. DEV VARLANCE MINIMUM MAXIMUY
WATZR 19382 11431, 1113%. D.32393E+05 463,82 96036,
RBEDS 1983 118.50 10%8.21 11926, 26.000 _ J0¢,0C
oCCouUPY 1983 0.89513 ©.12778 ¢.16327c-01 ©0,25000 1.c000
TURF1 -1983 0.46394Z-01 C.2103% 8.44264E-01 C.QDOOD 1.c000
TURF2 1983 0.%1780E-01 ©G.28B875 0.2339%I-01 0.00000 1.0000
1982 0Q.35839E-0]1 ©0.19563 0.332712=-01 ©,D00C0 i.ooo0

- 1283 1.9626 0.91831 0.84330 0.22500 4.630C
1985 3.8145% 1.40%7 1.5782 1.5350 6.2650

1983 1.4438 1.0495 1.1014 0. 40G00E~01 4.5252

1983 D.63540Z-01 D.24395 £,585332-01 ©.o00CC 1.C0DC

1983 D.33434 D.4%188 0,22267 ©.ooocd 1.6000

1983 p.23701 0.42536 R.18D92 o.eooeo 1.0000

1983 112.22 45.738 2082.0 £5.020 190.00

1583 2.8715 8.59180 C.98367 C.E67000 7.850C

KODEL SPZIITICATION SELECTED:
WATZIRI,t = BEDSi-OCCUPYi~(cl <+ c2"pPLi,t) + :3'TURfli'NIRi,t + c{"TURF2i-KIRi,r + cd*TURFII-XIRL,:

MODEL ZSTIMATES:

P

e COTFFICIENT 57. ERROR T-RATIO -

el 74.359 §.123 L1854
e2 1.1467 z.977 2.731
€3 324,62 4405 0.7237
el 782.55 32z.6 2,441
s B804, T4 495.9 1.656 : -
Auvte  C.BDE5Y 0.33676Z=-£2 50.879

R=SQUARE BETWEEX OSSTRVID AND PRIDICIED = 6.522)
Tiee elasticity at means = 9.1337

O OFREAR PO K TIVE LTl S5 TRCHAR £ WP
Quis-Piess
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Figure 6-7. Office Waler Use
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Table -9

VARIABLE

WATERS,t=gailons/day for building
=1, 000 aquare fext of building i
w1 if uses uzilicy water to irr
wl if uses utility water To irr

SPACE

TURF1i
TURF2i
TURFM
NIRi.t
ETi.t

ERi.t

IRli,t
IR2i.%
IRt
DWELLL
HPOi.z

VARIABLE
NAME
WATZR
SPRCE
TURFZ
TURF2-
TURF3
¥IR
ET
ER
IR
IRz
1IR3
Dwzll
HPC

. CIifiee Models

DEFIKITIORS:

4 in menth t

a1 17 uses wiility water te irrigate lawn ares of 1 acre oI BmoIe
=nez irrigation requizement in inches
=gvapotranspization in inches
wgffgciive rainfall in inches
=1 §f irzigatien limited to 1 day per wask; O

otherwise

‘w) 4f irrigation limited to 2 days per waek; 0 otherwise

)] 4f irrigation limited to 3 days per week; O othervwise

~average well depth in feet in wtilivy serving i
=marginal water and sewes price in 5/1,000 gal

D;SCRI?TI?E STATISTICS

N FIAN

5T

ATE3 a592.7
3763 93,145
3743 0.6023&EZ-01 O
3762 0.334834E-01 €
3763 0.62450E-01 ©
3763 31,9637 0
3763 3.9633

3763 1.4427
3763 ©.82323Z-01 €
3765 0.33334 (]
37€3 ©0.29710 [+
Ll ¥ 146.598

3743 3.00€32

KOCEL SPECIFICATION STLECTED:

WATER:, ¢

= cl*5PAITL

KODZL ESTIMATES:

COEFTICIERT
€l .26
ez =12.979
[ 234,99
c4 440,64
el 3306,
Auto D.B78.8B

. DEV

18735,
11¢.89
.23910
.11852
.24208
. 94020
1.4924
1.0679
L2382
.48849
.£57C4
25,222
1.5270

+ e2=SPACE"YRPOL, T +

57. IRROR
1D.3%
4.552
2098.
2642,
2496,

C.a6780

I-AATI0
7.811
-2.851
£.1597
C.166%
13.25

122.67424

VARIANCE
0.3509%E+09
14335,
0.57167E-01
0.32371z-01
0.585662-01
0.88398
2,227
1.2404
C.5§700E~-D1
£.23862
c.20883
§1€.17
2.3317

MIRIMOM
16.447
0.92200
[0 :1.1. 114
0. boooC
0.00000
0.20500
1.5350
0.450002-02
0.09000
G.DpLoD
8.0C000
€5.000
b.67000

MAXIMUY
0.33273E06
735,63
1.0002
1.0000
1.bo000
4.6300
6,2650
4.5250
1.p020
3.0000
1.0000
150.0C
7.0500

e3*TURFIL + e4"TURT2i + e3*TURFIZ

R-SQUARE BITWELN OBSEAVID AKD PREDICITD = 0.2837
Price wiasticity ai meahs = -0.3334

WO REAREFOR TR NG T-OTCHAP 4. VS

Q5= PRI

exHier () P -2)
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Flgure 6-8. Reslourant Water Use
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Table $-10. Restaurart Medels

VARIABLE DEFINITIONS: ' °

WATECRS.t =gallons/day for rescaurast i in month € -

SEATSY wpokber of atats im restaurant i =
SEASONi, =] = average monthly business level from mail survey

DAYSOFF4 =days per vesk not open IIom mall survey o

HOURSL wnumber of heurs open on Thursdays from mall survey

TURF1i ) 4f usex UCility water To irrigate laAwn AI#a up to the sire of single family Jawn

TURF23 e} if uses uwtility water td irrigate lavn area latger than single family lawn but less zhan 3 seie
TURF 33 =] if uses WLility water to irrigate lavn aras of 1 acre or more :

NIRi,t mnat irrigstion requirement in inches

ETi,t =evaperranspiration in inches ’ -
EAi, t =effective Iainfall in inches Iz
spii,r =1 if irrigazion limited to 1 day per week; D othervise
Il ¢ =] if irrigazion limited ro 2 days per veex; 0 ethervlse
IR3i, ¢t =1 if srrigation limited To 3 days per wesk; D othezvise
DWELLS =average well depth in feet in utility serving i

MPoi, o =mayrginal waiel anc sewer price ir $/3,000 gal

V;RIABLE DESCRIPTIVE STATISTICS:

NAME N MEAN 5T, DEV * VARIANCE MINIMGY MAXTMUM
WATER 3274 4M9.3 11735, B.1377IE409 65,789 0.16363Z+06
— SEATS 3274 4T 94,150 2917.5 28,000 545.00 —
SEASOF 3274 0.21443 C.1585% D.25145E-01 ©0.00020 o.s0000
DAYSOFF 3274 0.26256 c.50935 C.25944 0.00000 2_0000
HOURS 1276 12.452 4.5315% 20.853 6.0000 24.000
TURF} 327¢  C.311200 0.31666 0.10027 ©.0c002 3.0000
TORF2 3274 D0.44238E-C1 C.20577 £.423405-C1 0.00330 1.0002
TURFI 3274 0.11667E-01 0.10702 £.134752-D1 0.00500 1.0000
¥IR 327¢  1.8799 6. #6385 ©.74624 6.20500 4.6300
£T 3274 3,746 1.3757 1.832% 1.5800 €.265¢C
IR 3274 1.483% 3.0358 1.0724 D.45000E-01  4.5250
IR 3274 C.44899Z-p1  D.207.2 0.428965-01  0.D0D00 1.000C
IR2 3274 ©.41387 0. 49260 0.24266 0.03000 1,000
IR3 3274 D.248€3 .0.43228 0.18687 2.09000 1.0000
EWSIL 3274 125.82 45,870 2023.3 43.000 x90.00
w20 3274 3.1933 1.4990 2.2470 9.300c0 17,0880

MODEL SPECIFITATION SZI=CSEZD0:

WATERI,T = SEATSL= (g1 + c2"SEASON + e3"DAYSONFi + c4~HOURSS + c5"MFOQi,3) » c6*IVAT1Z =+ cT=IURT2L - BT
MODEL ESTIMATES:

COETTICIENT §T. ERROR T-RAIIO

3 4%.412 9,040 5.123
] -9.5175 .87 ~2.474 -
el ’ 1478 5.00¢ ~2,548
e -E. 693237 D. 4862 ~1.422
c5 ~2.6153 1,844 -1.419
[ 1989, 4 1182, 1.640
e? 33374 1792, 1.8€3
et 4264.9 3732, 1.343
RS [ 1 15 T.I5mD2 1ii.TIlik

R=SOUARL BIIWZEK DBSERVZID AKD PRIDICTED « D.1B9E
Price eiasticizy at means = -0.2843

8N P REA EPOR TN =N 20T SHAR L WS
QuE-PEs
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Schools (Elementary)

With a sample of 67 elementary schools, water use averaged € gallons/day/student.
Figure 6-9 plots water use against price. Including number of students, weather, groundwater

depth, and marginal price, the model estimates price elasticiry at mean water use and price 0
be -0.25 as shown in Table 6-11.

—_— ——— ———

Universities and Colleges

Our sample of universities and colleges equaled only 9. Water use per student is plotied-
against price for each utility on Figure 6-10. A great variation is water use is shown. The
model, shown in Table 6-12, which includes smdents and marginal water price, finds price
elasticity to be -0.98 at the mean waler use and price. Because the R? of the model is 50 low
(0.001), however, we do not believe inferences are valid in this case. In our opinion, price
elasticity is indeterminate.
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Figure 6-9, School Waler Use
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Tible 6-11, School Hodels ’
VARIABLE DEFIRITIIONS:
WATERL,t =gallons/day for school 1 in month €
STUDEKTS, t=number of stodents enfolled at school 1 in month €
ETi.t =avapotranspiration in inches
ERi,t -affective rainfall in inches
IRli,t wi §f irrigation limited to 1 day per week; 0 othervise

_ IR2i,t w1 if irrigation limited to 2 days per ves ¢ otherwisze
JR3i,t a) if §rrigation limited to 3 days per week; 0 otherwize
DWELLL maverage vell depth in feet in weilicy serving i
MPCi, T wmarginal water and sever price in $/1,000 gal
VARTABLE DESSZRIPTIVE STATISIICS:
NAXZ N MEAN st. DEV VARIANCE MIKIMUM HAX I MUK
WATER 2497 4000.0 36748.2 0.13537E+08 125.00 28285,
STUDERT 2497 $6£.78 278.03 F7301. 46.000 2049.C
£ 2497 J.3121 1.1308 1.2332 1.4550 5.3200
TR 2497 1.393C L.oil z.0€23 C.450C0=-C} £.2200
IRz 2457 021025 C.4C7%7 D.16613% c.00200 l.0D0C
IR2 2497 9.34360 0.47501 0.225863 g.0000C 1.0009
IRD 2457 0, 62ERAE-01  D.25321 C.64164E~01 0.D&DOC 1.pp2C
WL 24%7 124.14 §5.8%7 2184.7 45%,.00C 190.C3
KP2 2497 3.3303 1,871 3.8852 0.67000C 7.B8532
MCDEL SPECITICATION SELILTED:
WATIRi,t = STUDEINTI™ (& +c2"ETi, t » eI"EIRi, T = e4*DWELLL + e5°MPDi, %)
MOLIL ESTIMATLS:

COTTIISIENT £T. ERROR T=RAIIO
e 2.7264 0.6386 4.2¢€3% -
c2 0.51518 6.1078 4.17%
c3 ~1.00%2 0.97622-02 =123,34
ck £.33503E~C1 0.5337T-02  6.397
ch =0.41745 £.1074 -5, 008 .
Aute £.62573 0.15926I-L2 JB.€E: ‘ . . :
R-SOUART SECWIIN OBSZAVED AND PREZICTZC = £.3163
Price elassicity az means = ~0.2472
»
O D RE IR TTVE T Sl NCHAP 5. WS —
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Table £-12. Univezaity and College Models
VARJABLE DEFIXITIONS: -

WATERi,t w=gallohs/day for seheel i3 in month €

STUDENTS, t=pumber o7 studencs enrolled ar sehool i in month t

ETi.x =evapotranspiration in inches

ERi,t weffective rainfall in inches

IRli.t =l §f irrigation limizted to 1 day per weak; 0 otherwise

IR2i,t wl 1f irrigation limited to 2 days per week; 0 cthervise

IR3i, ¢t wl if frrigation limited to I days per week; 0 otherwise

DWELLY =average wvell depth in feet in viility serving &

HPOi,t =marginal vatetr and sewer price in $/1,000 gal
VARIABLE DESCAIPTIVE STATISTICS: d
R ¥ FEAR sT. DIV VARIANCE MINIMUM MAX THUM &
WATER 287 28708, 33288, 0.11081E+10  690.7% 0.1665E2s04

STUDINT 287 o 2010.7 C.40429E+07 217,00 852%.¢C

ET 287 3.8783 1,466 2.1498 1.5350 6.2650 _

ER 287 1.3474 1.C443 1.990¢ 0. 4500CE-01 4.5880

IRl 207 0.662020-01 D.24307 D.62C56z~-01 D.00CED 1.8300

IR2 287 0.32753 0.4%7023 0.22.02 0.20000 1.5050

IR 287 6.28223 D.45C37 0.20528 [<38+]1:1+]1.] 1.0680

DREL 287 127,52 £2.49¢ isot. 9 65.0CD 180,80

woe 287 2.0538 G.7959¢6 0.&3355 D.68COD 3.1000

MODEL SPICIFICATION SILECTED:
WATER.,t = STUDENTi® (e1 ~ c27¥PC0i, T}

HODEL ESTIMATES:

COELFFICIENT $7. IRRDR  T-RATIO
cl 22.118 0.326 2.657
<2 ~5.5789 2.800 -1.992
Avte R.T6045 O.3859BE-C1 18.7DD

R-SQUAKE BETKIIN OBSIZRVID AND  PREDICIED = 0.0012

Price elasticity a: peans = ~(0.3808

DAY AEARFOR TRV SR M HAP-& WP
Qs rses —_— .




IBIT (JBD-3)

Chapter 7

~ Analysis of
“Aggregate
Data

)




EXHIBIT

CIRL-3)

PAGE__492 oF _|S532

CBAPTER 7
ANALYSIS OF AGGREGATE DATA

We have performed a cursory analysis of aggregate water use for the City of Winter
Haven in order 1 determine the price elasticity of aggregate water demand, This empirically
determined price elasticity of aggregate demand is compared to the aggregate price elasticity
calculated by multiplying the price elasticities for the various customer classes, as determined in
our micro analysis, by the weighted average water usage of each customer class to determine if
the results are consistent

Winter Haven Aggregate Data

The City of Winter Haven is selected for our analysis of price elasticity of aggregate
demand because it had the largest price increase (27 percent in November 1991) of all ten
vtlities analyzed over the study period. -

Water use information consisted of monthly billing totals-for the 4-year period, November
1988 through October 1992. Account information consisted of the number of accounts by
custormer-class on an annual basis. This account information is interpolated to obtain monthly
values. The unit of analysis is gallons/day/account for both single-family residential and
cornmmercial customer classes. 0

Water use, in gallons/day/account, is regressed on the weather variables, NIR, ET, and
ER. We found only a very weak correlation with NIR, which was not significantly different from
zero at the 10 percent significance ievel for either customer class. The R? was 0.06 and 0.001

for the single-family residential and commercial customer classes, respectively. - Lapging the

weather variables by 1 month or using ET and ER did not improve the comrelation. As'a
conseguence, we do not control for weather in our analysis, )

Instead, we compare mean water use before and after the Novernber 1991 price increase.
As shown in Table 7-1, single-family water use for the 3 years prior to the rate hike is

- 164 gallons/ay/account and for the year after the price hike, it'is 136 gallons per day. This

28 gallon/day or 17 percent drop is probably largely due to the 27 percent increase in price
(water and sewer charges). This iraplies an elasticity of -0.56. This estimate happens to nearly
coincide with the estimate from the analysis of micro data As shown on Figure 5-1, price

* elasticities for low and high value properties at $3/1,000 gallons are -0.32 and -0.76, respectively.

Because this aggregale analysis measures the short-term response and the demand curves on
Figure 5-1 measure the long-term response, the aggregate price elasticity appears 1o be high.

EENIYREK EROR TIVE XV S TCHAP-S. WPS
QuEPTs
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Table 7-1 Winter Haven Aggregate Billing Data

7-2
__SINGLE FAMILY COMMERCIAL REAL |
DATE TGallons Acoounts CalDayiAcct  TGallons  Aceounts GalDay/Acn, PRICE ET ER NIR IR J
Novw-88 £3,047 11,689 n 48,618 2,565 624 28 223 1 OO0 7
Dec-88 4464 11,700 153 43166 2,563 554 2867 165 028 137 7
Jan-89 8631 11,710 185 52,682 2,562 e71 265 211 086 125 1 "]
Feb-sg 52,893 11,721 148 44,667 2,580 54 265 251 0.05 246 7 .
Mar-89 59,440 11,732 167 48,388 2,559 &22 28 341 4T 282 1
5 Apr-89 57,185 11,748 188 59,828 - 2,587 T 261 432 13 299 7 .
May85 T oesa9T 11,754 183 59,383 2,556 - 764 260 552 0.68 495 7 J
Jup.89 78,853 11,765 21 47,143 2,554 607 259 53§ LIT A58 7
Jukse 79,690 11,971 223 §1,664 2,562 2 259 448 282 166 ?
Aug-28 59,145 11,776 165 50,644 2,565 48 258 58y L7236 7
Sep.80 55845 11,782 156 45,140 2577 [ C 28T 428 246 182 3 ]
Oct-89 58,542 11,787 163 51,333 2,584 €53 256 220 015 304 s
Nov-£9 B8,387 11,798 183 44,489 2,592 565 25 226 050 176 ] P
Dec-B9 63,272 11,788 176 45,672 2,600 578 255 141 ldl  0.00 1 B
Jan-90 68,092 11,304 1s0 &4,113 2,807 803 253 1985 o3 1.64 8 -
Fab-50 59,624 11,809 168 E3,492 2615 673 251 260 050 170 3 j
Mar.50 53996 11,815 150 58,234 2,522 &68 250 388 107 262 3
Apr.90 75,652 11,820 211 £7,728 2,630 T 250 427 0.60 3.67 3
May-90 56,336 11,826 157 51,343 2,637 640 249 525 130 394 3 ]
Jun-50 96,634 11,831 274 86,260 2,645 1,073 248 818 325 193 _ 3
Jul-90 62,507 11,818 17 42,887 2,566 659 500 491 382 129 3 -
o~ Aug-90 59,153 11,805 165 52,032 2,688 837 297 473 181 292 3
Sep-90 55040 11,792 154 82,987 2,708 1,008 295 412 080 332 3
Oct.90 51,074 11,778 159 65,854 2,731 805 253 318 Lol 217 3 _]
HNev-90 54,505 11,765 152 55,410 2,752 782 252 216 022 194 3
D90 57,040 11,752 160 56,707 2,774 ™ 292 172 000 112 3
Jan-91 46,152 11,73¢ 128 53,728 2,795 §32 - 290 T1.85 054 082 3
Feb-gl 99,480 11,726 111 50,585 2,816 551 290 232 022 210 3
Mar.91 44,237 11,718 124 52,938 1,838 614 289 315 1B4 131 2
Apr-93 52,625 11,699 - 148 64,253 2,855 738 289 429 158 271 2
May-81 47,776 11,686 134 PERAT 2,851 556 288 471 185 288 2
Jun-31 57,384 11,673 162 E1,4584 2,902 697 287 5185 218 297 2
Julat 46,074 11,685 180 45,433 2,901 515 287 457 405 052 .2
Aug-91 86,585 11,697 104 49,194 2,901 ss8 286. 483 1&3 12 ?
Sep-91 48396 11710 135 56237 2,500 538 2,85 439 124 318 7
Oc191 54,852 11,722 154 58,183 2,899 660 284 345 188 LT? 7 .
Nov-51 44,100 11,734 12¢ 52,378 2,898 594 360- 210 000 2D -1
Dec-51 57,748 11,746 162 . 65387 2,898 734 560 176 0.08 166 g
Jun-92 45359 11,758 127 49,033 2,887 557 858 171 050 12 7
Feb-92 50,608 11,770 41 60,543 2,856 ] 38 2:@ 112 11 7
] Mar.52 47,884 11,783 120 53,978 2,895 812 45 333 033 254 2
= . Apr-92 46135 11,995 128 51832 2,895 590 355 418 139 278 2 .
May-92 41118 11,807 131 0,950 2,854 579 AES- E32 D58 472 2 :
Jun.g2 67,102 11819 187 71,002 2,898 807 . 8B4 469 417 052 2
Jul-92 44939 11819 125 50,048 2,883 569 853
Aug-92 58536 11,819 164 §3,050 2,893 7 .52
Sep-82 39,037 11,815 109 48 299 2,853 549 351
Oev.92 41,558 11m9 136 49,363 2,853 11 2.50
Average 157 €71 2.93
Average Noviss-Oct9] 164 834 272 J
Average Nowl-0c92 136 632 .55 B
Change 28 . .2 0.8
% Change -17.13% T 1e4% 30.51%
Are Dlasticity 0.56 .0.25 .
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-4 For the commercial class, water use drops from 684 to 632 gallons/day/account after the
rate increase. This implies an elasticity of -0.25. This szems to be a reasonable number given
the results of our commercial class micro analysis. Winter Haven's commercial class includes

apartrents.

We did not control for irrigation restrictions in our aggregate analysis. Given the results
from our empirical study, using micro data, this should not cause muoch of a distortion. Two-
and three-day restrictions for the single-family class were estimated to correlate with 2 2.7 and
0.004 percent drop, respectively. Both the pre- and post-periods had restrictions at some time.

To summarize, the aggregate Winter Haven data appears to validate the resuits of our
micro study. If anything, the aggregate data indicate that the price response occurs faster than
expected. We would caution, however, anyone from reading too much into the results of this
analysis. Factors other than price could have been partially responsibly for the reduction in use
after the November 1991 rate increase.

The only purposs for this cursory analysis is to determine if the results of the aggregate
analysis reasonably approximate the results of the micro analysis.
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APPENDIX A

WATER AND SEWER PRICES




Table A-1. Combinod Waoler ond Sewer Prices

§/1.000 gallors (Mol odjusted for infallon).

*For Non-testdeniial customers mulfiply by 1,16

Bocks Commerclol . )

ey Sonice Golom/Monlh inchuded  Ju-88  Aug-B8  Sep-BB  Ocl-38 Nov-88 Dec-88  Jon-§9 Foty89 Mor-89 Api-89 Moy Jun-89
radenton Waoler 0-2.000 Yos 1.22 1.22 1.22 1.22 1.22 1.22 122 1.72 .22 1.22 k22 1.22
Ovet 3000 Yeu 1.74 1.74 1.74 174 1.74 124 .74 1.74 1.74 174 1.74 124

Watat & Sewar 0-2.00 Yot 2.3 297 237 137 LN 237 237 237 R 237 237 237

3.000-25.000 Yeos 342 3.42 342 J.42 342 242 - a42 3.42 142 .42 342 342

Oy 25000 No 1.74 1.74 V74 174 1.74 1.74 1.74 1.74 1.74 1.4 1.74 1.74

Hilsborough  Woler Unlioim You 1.30 1.30 130 1.30 1% 130 1.30 1.30 1.30 1.0 1.30 £330
Water & Sewer 08,000 Yoy 500 500 500 500 50 510 5,00 500 503 500 500 500

Ovet 8.000 No 1.30 1.30 L3 1.30 1.0 1.30 10 1.30 1.0 1.30 130 1.0

Lakelond Walet 32000 Na oo oo o000 000 000 000 Q.00 0.00 0.00 0m 0m 000
Over 2,000 Yoy 0.85 0.85 0.85 0.85 035 0.85 085 0.85 0.85 .85 0.85 0.85

Wolel & Sawer 02,000 No 125 1.25 125 125 125 1.25 125 1.25 125 125 125 125

2.000-8.000 You 210 2.10 210 210 2.i0 2.0 2.10 2.0 210 230 210 2.10

Ovee .00 No 0.85 0.85 Q.85 0.85 0.85 0.85 0.85 088 0.85 0.85 0.85 0.85

(oke Mocld  Wolaer & Sower 05000 Ne 0.00 0.00 om 000 0.00 0.00 0.00 000 000 000 000 000
Over 5000 No 0.60 0.50 0.80 0.80 0.80 0.00 .60 0.60 0.00 0.00 0.00 0.80

Monates Waler 015000 Yo 050 050 050 0.70 070 0.70 Q.70 070 0.70 0.70 0.70 0.70
Ovet 15000 You 1.00 100 100 . 105 1.05 1.0§ 1.05 1.05 106 1.05 106 105

Water & Sewor 0-12.000 Yos 274 274 274 54 254 2.54 .54 2.54 2.54 254 254 254
12.000-15.000 No [1X"+] 050 050 n.70 0.70 070 Q.70 070 .70 0.70 0.70 070

Over 15000 Yo 100 100 [es) 105 105 105 105 105 105 1Los 105 108

51, falo Waolor 010,000 Yos 1.0 1.01 098 098 098 o8 098 098 0.9 053 098 0.98
10,000-20.000 No 105 t.05 1.0} 1.03 103 LOY 1.03 1.0 .0 103 103 103

Over 20000 Ko it 1.1 [RH] 1.3 11 1.1 1.1 113 1.3 1.13 1.1 n

Wolet & Sower 010000 Yos 2.45 2.45 1.98 198 1.98 198 1.98 198 198 198 198 1.98

10.000- 20000 Mo 2,49 249 p ] .00 0 103 203 2.03 203 200 203 203

20.000-33.000 No 1.1 (A1 113 1.13 1.13 L 1.3 1.2 AR E] 113 1.1 1.1
30.000-46500 Na 111 L1 133 113 113 113 113 113 113 [ ] 113 1.2

Over 240000+ No [R1 (A1 113 113 113 L1 1.3 1.13 1.13 L 1.1 L13
Spiing HIN Waoler Unlfoim Yos 07 o an 074 [LR]] 0.74 074 0.74 0.74 074 0.74 0.74
. Waler & Sewer 010000 * You' 20 328 J.2n i .37 337 337 337 137 A 337 137
Over 10000 No an on 071 0.74 0.74 0.74 074 0.24 0.74 0.74 0.74 0.74

Tompo Wator 09724 HNo 0.6) N1 051 04! 041 .81 0.41 0481 041 0481 0.8} 0.61
Cver 9.724 No 0.61 041 0.81 061 [iF.}] 0.61 081 041 041 08l 061 [+ X1}

Woler & Sewer 1 Dlock Yo1 L2 2.21 o, 221 221 22 .21 221 2 m 221 ]l

nd Block Yes 2.21 2 22 b 4] 22! 2.2! 220 2.21 an 22 n 2

Venice Waoter Upiform Yoy R4 1.91 191 (RS 191 198 191 Lol 191 [R4] 191 (R}
Walar & Sewer Unllorm Yas 4.18 418 4,18 418 418 4,18 4.8 4.18 418 418 18 418

Winlor Haven Waler Uniform Yos D.74 Q.74 074 0.74 074 074 0.74 0.74 G.J4 0.74 ard 0.74
Wolar & Sower Unliovm Yeos .3 23 .23 2.3 2.33 2.3 2.33 2.3 2.3 233 20 Fn

3
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Toble A-1. Combined Walwer and Sewer Prices

*Fot Non-residanticl cusiomers mulliply by 1.16

Bocks Commarcial .
Wity Serdce Golony/Month Included W89 Aup-89  Sep-89  Ocl-B? MNov-8? Dec-B?  Jon-90 Feb90 Mor90  Apr-90 Moy 90  Jun90
Mudenion Waler 03,000 Yo 122 122 w2 122 L22 122 © W22 LR (¥ 122 1.22
Over 3,000 Yeos 174 1.74 1.74 1.4 LM 1.4 1.74 1.14 L7 174 (¥ 1] 1.4
Wolar & Sewer 0-3.000 Yoy 2237 37 237 2y 237 2.3 23 29 23 237 v .3
3.000-25.000 Yas 342 342 3N 3.42 342 342 .42 342 342 .42 Ja 342
Crver 25.000 Mo LM 1.4 1.74 174 1.74 1.74 1.74 1.74 1.4 114 1.74 1.74
{hisbotough  Walet Unlform Yeos 1.30 +.30 1.30 1.45 1.45 1.45 1.45 145 145 1.45 145 .45
Walor & Sewer 0-3.000 Yeos 500 500 500 555 555 5.55 5.55 555 5SS 555 555 555
Over 8,000 No 1.30 1.3 130 1.45 1.45 1.45 145 - 145 1.45 1.45 145 1.45
1okelond Waoter 0-2.000 No 000 000 000 0.00 0.00 000 00 000 000 0.00 000 0.00
Over 2.000 Yo 0.85 D.A5 0.85 085 05 0.85 .85 0.85 0.5 0.85 085 085
Waler & Sewer 02,000 No 1.25 1.25 125 - 125 125 1.25 1.25 1.25 126 125 125 1.35
2,000-8.000 Yes 210 2.0 2.10 2.0 2.10 .10 2.10 210 210 2.0 2.10 2.10
COver 80X No 0.85 0.85 0.85 .85 0.85 .85 0.85 0.85 0.85 0.85 0.85 0.85
Loke Plocld  Wolar & Sewat 05000 No 000 [He1] [1104) 000 [1Ls) 000 0.00 0.00 [11a) [1101) [1114] 000
Crver 5000 No 00 0.80 0.00 0.00 0.80 0.60 0.00 0.80 om 0.0 0.0 Q.80
Monalee Waler 0-15.000 Yo 2.70- 070 0.9 056 0.9 0.9 0.96 09 096 09 0.9 09
Ower 15,000 You 105 1.05 (R 1.3t [ 1] [ 1.3 1.3 130 1. N M
Water & Sewer 012000 Yos 2.54 254 280 2.80 2.80 2.80 2.00 2.80 280 .00 2.0 2.80
12.000- 15,000 " Mo 0.70 o.jo 096 096 0.9 095 09 0% 098 0.9 056 09%
. Cver 15000 Yeos 105 105 1.31 (1] n (&1 1.3 (1] .31 [+ 1] [ ]] LI
5t. Pole Walee 0-10.000 Yo 098 0.8 0498 0.8 nee 098 Lo? 107 107 107 107 1.0
. 10.000-20.000 No 103 1.03 1.03 103 108 1.03 L2, 1.12 1.12 1.2 112 1.2
Over 20,000 Mo 113 113 L13 1.1 1.13 1.4} 1.7 117 L17 1.7 L1y 117
Woler & Sower 0-10000 Yos 1.98 198 108 198 1.98 1.98 24 2.43 243 2.43 24) 2.4)
19:000- 20,000 No 2m 20 10 20 200 203 248 2.4 248 248 248 2.48
20.000-30.000 No 1.13 113 1.13 113 1.13 1.13 2.5 2.5 5 2.53 253 253
30.000-40.000 | No 1.13 .3 1.13 113 113 L13 vy IR T [RH 117 LY L7
Over 4000 No 1.13 L3 113 113 113 L1 i 1.17 117 .17 137 147
Spring Hil Woler Unliosmm ¥ou oM 074 0.74 0.74 074 074 D.74 0.74 04 0.74 o.M 0.74
' Water & Sewer 010000 Yes* 337 .40 340 3.40 am 3.40 340 8 140 3.40 340 140
Over 10000 No 0.74 0.74 0.4 014 074 0.74 74 074 074 0.4 074 0.74
Tampa Wler 09714 No 0.6 121} 0.44 o on o.y7 077 .77 on o orr oir
Over 0.7 No 0.6 LX.]] 041 017 D17 0.77 125 125 125 1.25 135 1.25
Woler & Sewer 1 Bock Yoy 21 221 M Wy .37 29 23 237 237 237 ‘237 2%
2nd Bock Yes 221 21 an kY 2.3 2.37 2.85 285 2.85 .85 285 285
Varlce Walot Unilorm Yos 1.9 R 1.9 .81 (R 191 235 235 235 2235 2.35 235
o Woler & Sewer Unlform Yeos 418 4.8 418 418 4a.18 418 514 5.4 5.14 5.14 5.14 5.14
Winler Haven Waler Unlfotm Yas 0.74 0.74 0.74 074 074 014 0.4 D.74 0.4 074 074 0.74
. Woter & Sewer Unlioim Yos . 233 23 2.3 23 LM k] 233 233 23] 23 20 .3
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Table A-1. Combined Waler ond Sowot Prices

RN

*for Non-tesidentlol cusfornars multiply by 1.14

Bocks Cormmenclol

Ly Serdce Golons{Month Inchuded 90 Aug- 90 Sep90  Oct90  MNov9%0 Doc90  Jon®l Feb?) Mor9l  Ape9l May91  Jundl
Lrndenton Waoler 0-3.000 Yes .22 1.22 1.22 .22 1.22 122 1.2 122 .2 122 L2 122
Over 000 Yoz 174 174 1.74 174 .74 1.74 1.14 1.74 1.74 1.4 1.74 1.74

Woter & Sower 0-3.000 You 2.3 237 Y .37 237 237 237 237 237 .3 )4 237

3,000-25.000 Yos a2 .42 342 342 342 LY 7] 342 342 342 342 342 342

Ovss 25,000 No 1.74 1.74 1.74 1.74 1.4 1.74 174 1.74 124 1.74 1.74 1.74

lisborough  Waler Unlfarm Yos 1.45 1.45 1.45 1.55 1.55 1.55 1.55 1.55 155 1.55 1.55 1.55
Waoator & Sower 03000 Yas 555 555 5.85 435 6.5 6.35 635 635 435 $.35 635 435

Over 000 No 1.45 1.45 1.45 1.55 1.85 155 155 155 1.55 1.55 1.55 1.55

Loketond Woler 02,000 No o 000 000 0m 0.00 0 0.00 oo 000 002 o000 00
Ower 2,000 Yeos 0.85 085 085 085 0.85 0.85 0.85 0.85 0.85 0.85 0.as 045

Woler & Sowor 0-2.000 No 125 1.25 1.25 1.34 1.4 134 1.4 1.34 134 1.34 1.34 (7]

2.000-8,000 Yes 210 210 210 2.9 FAL 2.19 219 2.9 219 2219 219 2.9

Over 8000 No 0.85 0.85 0.85 085 0.85 0.85 0.85 0.85 085 085 085 0.85

Loke Placld  Waler & Sewor 0.5.000 Ne .00 0.00 0.00 0co 000 0 000 000 o0 080 0.03 0.00
t Over 5000 No D.80 0.80 0.80 0.00 0.80 0.80 0.80 0.80 080 0.00 080 0.80

Munaleg Woles 01500 Yes 0.94 094 096 094 095 096 0.9 094 0% 09 096 09
Ovet 15000 Yo3 (&3] 13 13 13 1M 1.1 {1 1.3 13 [ ] A1 (1)

Waler & Sowor 012,000 Yos 2.80 2.80 2.80 280 80 | 18 280 2.80 2.80 200 FX.1] 280

12,000-15,000 No 056 0.95 0.96 094 026 096 096 0% 0.9 09 0.9 (PR )

) Over 15,000 Yo L3} 1.3 13 1.3) 1M 1.3} I 11 .3 13 {1 L3l (1)

5l. Poto “Waoale 0-10,000 Yoa 107 1.07 1.0? 108 1,08 108 1.08 .oy 108 108 1.08 1.0a
10.000-20000 ‘No 112 .12 1.12 118 118 118 1.18 118 1.8 1.18 118 1.tn

Oves 20,000 No 117 L7 1.7 1.20 128 1.26 1.28 LW} 128 1.28 1.2 1.28

Woater & Sewot 0-10,000 Yo 2.4 241 243 255 255 255 255 255 255 255 .55 255
10.000-20,000 No 248 248 2.48 265 245 245 245 285 265 2465 245 245

20,000-30.000 No 253 253 15 275 2.15 .75 275 275 275 275 215 275

30.000-40.000 No 117 V.47 L7 115 275 275 275 275 275 275 175 275

Ovet 40.000 No iaz .17 147 L28 1.28 1,28 128 128 1.28 128 -1.20 1.28

Spting Hil Wales Uniform Yos 074 074 0.74 0.r4 0.74 0.74 074 074 074 0.74 0.74 0.4
! Waoler & Sewar 010000 * Yor' 2.40 40 .40 .40 340 .40 .40 3.40 140 340 EX ) 49
Over 10000 No 0.74 074 0 L 3] 0.74 0.74 074 074 074 [ ] ] 074 0.24

tompo Waler 0-0.724 No 077 0.17 0727 0.7 Q.17 077 Q77 017 077 orn on 0.77
Over 9,724 No 125 £25 1.25 V.25 125 1.25 1.25 125 1.25 125 L2725 1.25
Woler & Sewet 11 Block Yes 237 2.3 237 237 I 2.3 27 2.3 2.3 2537 b EH 2 237
2wk Block Yo 2.85 2.85 2.85 2.85 285 2.85 2.85 2.85 285 285 285 2.85
Vanico Waler Unlloim Yos 2.35 2.35 .35 .35 235 225 270 270 2.70 .70 .70 270
Walar & Sowor Uniform Yes 514 5,14 54 514 5.4 514 591 59 591 59 5.9t 591

wintet Hoven Waler Unifarm Yos 0.89 0.89 0.89 089 0.89 0489 0.89 0.8¢ 0.9 0.8 0.8 0.89
Woter & Sowor Uniform Yot 28] 2.8) 2,83 2.8 233 p AN 2.8 28 283 QI.SJ 2.3 283
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Toble A-1. Combined Wale: and Sewer Prices

Uiy

Blocks Commerclal

Sondce

GoforafMonth Included 91 Aug9i  Sep9l Ocl-91 Nov9l Dec9l  Jon92 Feb-92 Mor-92 Apr-92 Moy-92  Jun92
Brodenlon Wolet 03,000 Yoy .1 1.22 1.22 122 1.3 122 122 1.2 .n .22 (7] 1.22
Over 3000 You 1.1 174 LM 174 1.74 1.74 1.74 1.74 1.74 174 174 174
Wolor & Sewor 03,000 Yos 237 237 237 237 237 237 237 . 237 w7 p 4 237
3,000-25,000 Yes 42 J.42 3.42 342 42 142 342 142 142 .42 142 3.42
Over 25.000 No .M (2] L 174 1.74 .74 1.74 1.4 L4 1.74 1.74 1.74
1sborough  Woler Uniforen Yes 1.55 1.55 1.585 1.80 180 1.80 1.0 1.83 1.50 Leo 1.80 1.80
Walet & Sewor 08000 Yeo1 635 4.35 6,35 1058 1.05 105 105 10 705 108 705 108
Over 8.000 No 155 155 1.55 1.80 1.80 1.0 £.80 1.80 1.0 1.80 .80 1.80
tokelond Woler 0-2,000 No 000 0.00 0.00 0 000 000 0.00, 0.00 000 om 0.00 0.00
Cwver 2000 Yoy 0.85 0.85 0.85 0.8% 085 0.85 0.85 0.5 085 0.85 08 0.85
Woaler & Sewer 0-2.000 Ne 1.4 1.4 [ 1.4 1.4 1.34. 134 - 1M 1.4 1.4 .M 1.3
2.000-8.000 Yos 2.9 219 FA L 219 219 219 219 2.9 2.9 2.9 AL 2.9
Over 8,000 No 0.65 085 0.85 0.85 110 0.85 0.85 0.85 0.85 0.45 0.85 0.85
Loks Placld  Woler & Sewet " 05000 No 000 0.00 0.00 000 000 0.00 000 0.00 0.00 0.00 000 0.00
: Crver 5000 No [ 1) 0.80 0.80 0.80 0.80 0.80 0.80 0.0 0.80 0.80 080 0.0
Monotes Waler 015000 Yeo3 0.9 0% 0.96 096 09 0.04 0.9% 004 0.5 0& 09 0.9
Ovee 15000 Yes 1] 1.3 1.3 L3t 13 1.3 L] I.il) 1.3 131 (B} 1.31
Woler & Sewar 0-12.000 Yos 2.80 2.80 2.0 280 280 2.0 280 -2 2.0 .50 2.0 2.00
12.000-15.000 No 006 0.98 0%6 086 096 096 0% 09 D9 098 09 09
3 Over 15,000 Yo 1.1 1.1 EN (] L3t 131 1.3 (1) [B]] 1.3t 130 w3
SI. Pote Woler 010000 Yo 1.08 1.08 108 118 116 L& 1,18 118 L1 118 118 Lib
5 H0- 20,000 No 1.1a 1.18 1.18 1.26 126 1.24 +26 1.2% L2 L2 L% 126
Ovee 20000 No 1.28 126 1.28 1.38 136 1.3 134 1,36 1.3 1.04 1.3 L)
Waler & Sewor 0- 10000 Yos 255 255 2.55 2.08 2.80 288 208 288 2.8 2.08 208 2.88
111,000 20,000 No 285 2.65 2.65 2.9 298 290 298 298 298 298 29 29
20.000-30,000 No 275 75 275 108 .08 308 .02 3.08 J.08 108 308 .08
30,000-40.000 No 215 275 275 3.08 .08 308 3o - Joe 08 .08 300 J.08
Over 40000 No 1.28 1.28 1.28 i 308 .08 308 .08 o8 308 308 308 308
Sping HIN Woler Unlform Yos 074 0.74 074 074 0.74 0.74 074 0.74 0.74 0.74 0.74 0.74
Waler & Sewer 0-10000 Yos* 3N I 349 349 349 hE. 149 349 40 .49 h Y I
Over 10000 No 0.74 0.74 0.74 074 0.74 0.74 0.4 074, 074 0.74 0.74 0.74
Tmpo Woler 09724 No 0717 077 077 017 077 077 0.77 077 on 07 0.77 or
Over 9,724 No 1.25 1.25 125 1.25 125 1.25 125 125 125 1.25 1.5 125
Water & Sewor ¢ Block Yo 237 .5 2.3 2.3 237 237 237 .3 237 .3 .37 .5
nd Block Yoy 285 2.85 2.85 2.85 285 2.85 2.85 285 1.85 2.85 2.85 285
Venlce Wolet Unlform Yo 270 270 170 270, 110 .70 284 2.84 264 2.4 2.04 2.84
Waolel & Sewor Urlform Yeos 591 591 59 59 591 59 821 421 6.2) 8.21 821 621
Winlet Hoven Water Unllotrn Yoz 0.89 0.89 089 oee [1h) 099 0.9¢ 0% 099 aw o L1 A
‘Waler k Sower Uniform Yo: 2.83 .2.83 2.83 2. A59 159 .59 159 3.59 359 .59 159
*For Non-residentiol cusiomors madliply by 1.18
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APPENDIX B
WEATHER DATA

To calculate net irrigation requirement (NIR) for turfgrass, we must calculate both
evapotranspiration (ET) and effective min (ER). - Researchers find that ET in Florida is best
estimated using a modified Penman equation by Jones et al! as presented in Table B-1. The
input into this energy balance equation inciudes maximum temperature, minjmum temperature,
incoming solar radiation, and wind speed. ER is the amount of rain that satisfies ET
requirements, Because rain can be lost as runoff or can percolate past the rootzone of turf, not
all rain is effective at offsenting ET. We use an empirical equation formulated by the .United
States Agricultural Department-Soil Conservation Service? o estimate ER as shown in Table B-2.

Jones, J. W., et al., Esrimated and Measured Evaporranspiration for Florida Climate, Crops,
and Soils, Bulletin 840, December 1984, g '

“Jensen, M. E.. R. D. Burman, and R G. Allen editors, Evaporranspirarion and frrigarion
Water Reguirements, ASCE Manuals and Reporls on Engineering Practice No. 70, New York,
pp. £7-68, 1990.
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B-2
Table B-1, Penman ET Equation

f g ’ T g

ET, = X *ET,
ET, = . R
—A _1-0)R,~o(T,, +273)(056-0.08 fe X(1.42 2 -0.42)%
Ay R, :
, —€ (05 +0.0062:.)] ]
where,
ET. = ET for turfgrass (mm/day) ]
K = crop coefficient for turfgrass = 1, given abedo = (.23
ET, = ET for reference crop (mm/day)
A = slope of saturated vapor pressure curve of air (mb/°C) ]
- = 33.8639 [0.05904 (0.00738*T,,. + 0.8072) - 0.0000342]

¥ = psychrometric constant = 0.66 (mb/°C) _
o = albedo of green vegetated surface = 0.23 ]
R, = incoming solar radiation (cal/cra’/day)
c = Stafan-Bolizmann consiant = 11,71 x 10* {callcm_/day/°K)
Toa = minimom temperature (°C) ]
Tow = maximum temperature (°C) ‘
Tae =  (Tau+Tacd2 (°0)
Com = vapor pressure at minimum temperature (mb) ]

= 33.8639 ((0.00738+T_, + 0.8072)" - 0.000019(1.8*T_, + 48) + 0.00131&] E
o = vapor pressure at maxirpum temperature (mb) = ’

= 33.8639 [(0.00738*T_ + 0.8072)" - 0.000019(1.8*T,, + 48) + 0.001316] ]
e = average vapor pressure (mb) = (e, +£..)/2
A = latent heat of vaporization of water (cal/cm?/day) = 59. 59. -0.55*T,,,
u, = wind speed at a height of 2 meters (km/fday) .
R, = clovdless solar radiation (cal/ers™day) at following latitudes

Lat Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
27°30" 429 572 615 717 742 787 750 703 649 540 462 397
28°00" 424 567 612 716 742 788 751 703 646 536 457 392
28°30" 419 583 609 715 742 789 752 703 644 532 452 387

o
1

— e | I | SO | S—

%
¥
;
|
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B-3
Table B-2. USDA-SCS ER Equation

ER = £(D)*(1.25*RAIN®D - 2.93)#1(PO%"E
where,
D) = adjustments for normal depth of water depletion in soil prior to frrigation
ER = effective rain for month (rom})
RAIN = rain for month (mm)
= ET for month (mm)

The (D) tero adjusts for water depletion depths different than 75 mm. Smaller depletion depihs,
which tuf certaintly has, allow for less rainfall to become effective. The adjustment term is
defined using the eguation defined below.

fD) = 053+ 0.0116*D - 8.94*10°*D? + 2.32*107*D*
where, -
D = - normal depth of depletion prior to irrigation (mm)

To estimate D, we used the following equation from Keller and Bliesner’;

D

MAD/I00 * W, * Z

where,

MAD = management allowed deficit {%) ]
W, available water holding capacity of soil (mm/m}
z effective root depth (m) ;

[}

Assuming MAD = 50%, W, = 42 for deep sand soils and 125 otherwis¢ (sandy loams), and
Z=0.15 then D = 3,15 mm with deep sand soils and 9.375 mm otherwise. Insening these
values into the adjustment term results in £(D) = 0.565 and 0.631 for desp sand soils and other
soils respectively. .

*Keler, J., and R. D. Bliesner, Sprinkle and Trinkle Irrigation, Van Nostrand Reinhold, New
York, pp. 28-33, 1990.
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EXHIBIT () RL-3)
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BRADENTON AND MANATED ]
HAX MIN £T  EFFECT NET J
i RAIN TEMP TEMP  PENMAN RAIN IRR XEQ )
wONTH Inches r r nches nehes nches
Jul-88 12.94% §1.0 13.0 4,70 4.64° 0.06 ]
Aug~88 13,63 §2.0 J4.0 4.44 §.44 &.00
Sep-88 18,57 §9.0 73.0 3.89 3.89 0.00
Ocz-88 6.58 85.0 £2.0 3,22 b.20 3.02
Nov-88 5.15 81.9 §1.¢ 2.41 1.84 0.57
Dec-B8 0,92 73.0 5:.C 1.61 0.33 1.20 ’
: Jan-89 2.66 76.8 55.8 S 1.98 0.9% 0.58
- Feb-85 0.13 77.0 53.8 2.57 0.02 2.57
= Mar-89 2.97 80.9 $8.4 3.41 1.18 2.22
- Apr-B% 1,38 83.9 60.1 .27 0.59 3.68 .
Hay-89 2.4% 88.6 €4.59 5,15 1.09 4,06
Jun~89 9.06 91,1 7.6 4.69 3.42 1.28 )
Jul-68 $.82 $3.0 73.1 4.96 3.12 1.25
Aug-8% 7.99 $3.6 73.2 4,32 3.00 1.32
Sep-89 13.40 91.6 73.0 31.70 3.70 0.00
oct-89 1.28 BS5.5 £5.7 2.88 b.50 2.38 ._
Nov-82 0.53 8:.9 58.9 2.03 c.1% 1.8¢ }
Dec-B3 $.47 Ic.0 $6.9 1.43 1.43 9.00 @
Jan-90 2.29 J8.7 55.0 1.68 5.0% 1.63
Feb-50 4.07 83.2 £8.5 2.40 1.49 0.92 f
Kaz=5C L.89 EL.4 57.% 3.39 t.44 z.8% ]
Apr-9t 1.33 8.0 £0.0 $.00 6.56 .44 .
o~ May-§0 1.83 $C.4 66,6 5.68 0.ES 4.78
Jur=99 8.75 $2.2 71 4.75 3.3 i.44
Jul-9¢ 8.5% 92.4 73.2 §.46 3.21 1.25
hug-83 €68 §3.7 13.7 4.76 2.6 2.1% ]
Sep-80 3,39 82.3 72.1 3.80 .37 2.%2
0c-92 7.5t §7.7 §7.2 3.16 2.5¢ 0.63
Rev-9C - 2.85 g.2 58.6 2.17 1:08 1.16
Dec-50 2.05 78.3 54.3 1.88 0.7 1.13 7
Jar-81 3,79 77.2 57.€ 1.B8 1.36 ¢.52
Feb-8: ' 1.2¢ 6.2 34.3 FR 1 0.47? 2.:7
Mar-91 1.04 8.7 57.5 2.82 0.40 2.42 ’
Apr-91 $.57 §8.9 64.8 3.9% 1.82 2.15 ]
May-91 9.39 85.6 €5.% 3.89 3.57 0.52
Jun=92 4.15 $:.3 1.7 3.76 1.6 2.13
Jul-91 106 §2.0 31.% £.35 3.77 £.27
Avg-81 E.1B §7.2 6.0 P 3.04 1.15
Sep-5 2.7 82.4 J2.: 31.36 1.10 2.26
Cez-52 .23 86.6 €5.5 2.85 0.48 2.37
Nov-9: C.06 1.7 54,9 1.83 £.00 e 1
Dac-31 D.44 78.5% 53.9 1.64 ¢.12 1.53
Jan-%2 0.%8 72.2 §8.4 1.5¢ 0.35 1.24
Teb-92 7.13 76.4 5.7 2,53 2.1% ¢.00
rar-92 £.25 71.7 55 B 2.%5 1.53 1.42 .
Apr-§2 2.93 B4.5 €2.2 3.60 1.18 2.4, 7 o
May-52 0.1% BE.7 66.6 4.66 g.00 4.66
Jun- 92 22.34 51.3 5.3 LiT §.17 0.00
Min . C.0é k-] 46.0 1.43 C.o0 0,88
vax 22,34 83.7 4.1 £ &8 §.62 4.79
Average 4.96 84.8 €3.5 3.33 .87 1.66
Anouai Ave 55.47 38.97 20.08 12,89




EXHIBIT TS

Table B-3 f - -
PAGE__|OMr OF _ 155
EILLSBOROUGH
— . MAX HIN £T  EFFECT NET
205 RAIN TEMP TEMP  PENMAN RAIN  IRR REQ
< ok Inches T T Ipehes  Inches _ Inches
Jul-§8 .66 91.0 .0 LN 2.23 2.40
Aug-B8 11.39 9.0 74.0 4.42 368 0.76
Sep-60 15.72 90.0 7.0 3.92 3.92 0.00
Oct-88 0.27 85.0 §3.0 3.22 0.02 3.19
Nov-28 7.60 81.0 ~° 61.0 2.39 2.30 0.09
Dec-28 1.36 4.0 52.0 1.62 0.44 1.18
Jan-8% 1,55 71.3 56.9 1.85 -1 0.81
Fab-8% 0.26 5.4 54.3 2.53 0.02 2.51
- Mar-29 1.47 9.5 60.1 1,38 0.52 2.86
L Apr-2% 1.07 82.6 61.3 4.20 0.38 3.8% .
- May-89 1,63 . 88.7 £€7.1 5.29 ¢.65 4.64
Jun-89 14.03 91.1 73.6 4.74 .44 . 0.30
Jul-8%° 12.23 9.9 .6 4.99 4.00 0.9%
Aug-89% 5.31 51.9 4.0 5.30 3.08 1.25
Sep-89 5.39 0.6 74.1 3.7 1.83 1.87 5
oet-83 1.58 8¢.7 66.0 2.86 0.55 2.21 .
Nov-29 P11 79.6 58.1 1.96 0.57 1.39 &
Dec-82 €.93 66.% 45.8 1.34 1.3¢ 0.00
Jen-96 0.6 6.6 55.5 1.62 0,16 1.46
Feb-3¢ 4.8 78.8 55.5 2.37 3.35 1.02
Maz-90 2.03 ac.g £8.5 “3.40 0.3 2.67
Apr-90 2.7% 82.7 £1.¢ 4.00 1.02 2.98 -
May-9¢ 1.26 2.0 71.0 5.80 0.51 5,29
Jur-90 4.3 §1.7 73.7 1,83 1.67 3.16
Jui-30 12.28 5.3 73.7 4.44 3.90 0.5%
Aug-90 $.46 2.7 75.0 4,29 3.17 1.68 -
Sep-90 3.60 82.4 73.1 3.93 1.28 2.64
Oez=-$0 2.28 87.2 68.0 3.18 0.72 2.43
Nov-50 2.¢7 g:.5 58,9 2.16 0.69 1.47 -
Dec-90 0.27 78.1 55,6 1.50 0.02 1.87
Jan-92 3,23 75.6 $7.7 1.82 1.04 0.79
Feb-91 0.77 74.3 55.1 2.58 0.24 2.34
Mar-91 5.10 77.1 7.1 3.16 1.69 1.47
Apr-91 3.82 B6.2 67.4 4.03 1.40 2.63
pay-91 10.34 89.8 72.6 3.35 3.27 0.68 -
Jur-91 5.86 £5.8 72.8 3.7 1.97 1.77
Jui-si 11.56 ec.? 74.8 4.0 2,61 0.40
Aug-91 10.03 91.2 75.2 4.19 3.23 0.96 ‘
Sep-91 2.28 91.7 72.1 3,33 0.81 2.52
Ocz-92 1.00 BS.: 65,5 2.80 0.33 2.47 - :
Nov-§1 0.38 16.% SE.6 1.84 0.07 1.77
_ Dec-81 1.06 748 54.3 1.55 0.23 1.22
San-52 -H 65.3 39.86 i.82 .66 0.86
Feb-92 5.5 72.5 S4.6 2.01 1.60 0.41
Max-92 1.6 74.9 54.6 . 2.84 6.55 2.29 - .
Apr-92 3,68 82.% 62.8 3.58 1.29 2.29 -
May-52 1.18 88.9 68.5 4.75 0.45 4,21
Jun-92 7.03 83.7 73.0 4.19 2.37 1.82
Pin 0,26 €6.5 558 1.3¢4 n.02 ©.0¢
Fax 15.72 92.7 7.1 5.80 4.44 5.2%
4.66 83.7 65,8 1.33 1.49 Z.85
£3.88 39.37 i%.83 22.:8
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Table B-2 PAGE }Dq OF :)%.
LAKZLAND | ]
. HMAX MIN ET  IFFEICT NET
RAIN TEMP TEMP  PINMAN RAIN IRR REG
MONTH Inches r ha Inghes Inches Inches
Jul-88 1317 9L, 0 72.0 4.90 4.41 6.49 _]
Aug-B8 10.93 94,0 74.0 4.72 3.58 1.4
Sep-BE 7.63 92.0 73.0 - 4.81 2.52 1.4% ;
Oct-8€ 1.15 86,0 €3.0 3.17 0.40 2.7
Nov-88 7.8 82,0 6..0 2.1% 2.16 0.03 ]
Dec-88 1.59 75,0 52.0 1.58 0.5 1.08
Jan-89 3.87 79.1 56.4 1.96 - 1.23 0.73
Feb-89 0.14 79.3 53.2 2.51 0.00 2.51
Mar-B9 2.89 83.7 59.4 3.3¢ 1.02 2.37
Apr-g% 3.64 86,7 §0.7 §.28 1.33 2.9¢
May-89 1.11 93.1 66.3 5,43 0.43 4.9% - :
Jun=-§% 7.21 94.7 71.3 5.27 2.60 2.67 .
Jul-B9 4.82 §5.0 2.8 §.43 1,72 2.7)
Aug-8% €.02 55,6 7.2 5.21 2.19 3,02
Sep-89 15,18 93.2 2.6 4.18 4.18 0.00 .
Ocz-89 C.43 8¢.2 65.5 3.7 0.10 3.07
Now-B9 1.48 80.4 5B.4 . 2.19 0.4% 1.70 ]i;
Dec-8% £.51 £8.% £5.1 1.40 1.40 0.co o
Jan-9¢ $.40 78.9 55.4 1.91 0.08 1.83
Feb-30 (1] 81,4 58.7 2.59 1.40 1,18
Haz-9C i.i8 82.3 57.5 3.58 0.42 3.16 ]
Apz-80 1. 18 84.9 60.7 §.21 0,42 32,79
Hay=-90 1.42 85,6 §0.¢ _  5.28 1.66 3.62
Jun-30 7.24 93.9 72.1 5,32 2.5% 2.72
Sul-90 7. 66 94.0 73.2 5.60 2.68 2.32
Aug-95 6,35 34.4 731 4.9¢ 2.26 2.68
Sep-52 3.33 93.1 7z.3 4.26 1.22 3.D4
Oet-50 2.22 27,6 67.3 3.258 0.78 2.56
Nov-390 0.6 §0.2 55.¢ 2.24 0,27 1.97
Dec-90 0.35 .2 52.8 1.68 0,06 1.63
Jen-51 3.2 77.0 £35.1 1.38 1.00 0.78
Feb-02 D.59 76.0 §3.8 2.26 0.16 2.10
Hay-21 2.47 81.7 58.4 3,13 6.87 2.26
Apr-9l 5,34 87,2 65.8 4.24 1.87 2.38
Hay-82 10.65 sc. 8 70.6 4.1 3.5 1.25 ’
Jur-81 £.21 82.% 71.2 5.18 3.93 3.25
Jul-93 13.23 92.4 73.1 4,56 4.18 o.38
Aug-91 .06 83.3 73.8 4,76 1.96 2.80. ]
Sep-31 2.6 92.6 72.4 €.32 1.00 3.32 ¢
Osx-9 £ 8.8 §5.7 148 1.81 ° 1.6§ -
Kov=93 c.1p 75.6 55,7 2.0 0.00 2.01 -F
Dec-93 0.43 . 16.8 $5.8 1.67 0.09 1.57 ]
Jan-92 1.4 .4 50.0 1.66 o.48 1.18
Fep-52 5.1 76.1 55.0 2.26 1.8 0.65
Mar-92 i.13 19.8 56.6 3.33 ©.39 2.54
Apr-92 3.87 86.2 61.8 4.17 1.39 2.18 - :
Kay-42 1.47 91.4 €7.6 5,35 0.58 4.7
Jun-92 13.38 81,6 1.4 1.7 4.18 0.55
Min 0.10 68.5 45.1 1.40 $.00 0.00
Max 15.1¢ 95.6 14.0 '5.43 [ 1.99
Average 4.48 B5.B €2.7 3.58 1.48 2.10 -
Anzual Ave 372 42,50 1.7% 2531
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Table B-3
LAKI PLACID

MAX MIN £r
et RAIN TEME TEMP PENMAN
T MONTE Inches F F___Inches
Jul-88 9.29 $2.0 65.0 4.73
Aug-88 10.20 92.0 70.0 4.51
Sep-08 2.4 91,0 15.0 3.89
Ocz-88 1.8 86.0 55.0 2.76
Nov-88 3.80 p2.0 59.0 1.9
Dec-88 1.73 16.0 49.0 1.52
Jan-89 2.03 79.9 51.4 1.80
Feb-B% 0.33 18.6 48.0 2.24
Mar-89 412 B2.6 55.9 3,00
Apr-83% 2.98 87.1 55.6 3.86
May-8% z.21 51.% €0.6 4.63
Jun-8% 4.79 $3.% 67.1 4.59
Jul-8¥ 7.860 .83.5 68.8 £.69
Aug-B% 7.80 93.2 €8.8 4.37
Sep-~89 B.10 51.9 68.8 4.01
Oct=8S 4.35 86.1 63,1 3.05
Nov-B9 0.37 B2.C £5.8 2.07
Dec-8% 2.54 £5.5 43.2 1.38
Jan-90 2.21 19.7 £3.6 1.68
Teb~90 5.27 £1.3 £6.6 2.45
Maz-92 1.7% 83.2 55.6 3.42
Apr~90 —1.34 84.8 5.8 4.09
May=-30— 1.72 8.5 64.9 £.59
Jun-92 §.20 93.1 67.3 ¢.89
Sei-90 12.8% §3.2 7:.0 5.05
Aug-90 5.40 83.% 68.5 $.79
Sep-50 3.88 92.2 €9.3 4.15
Cet-99 0,33 87.7 €5.3 3.13
$.45 £2.7 56.3 2.3
1.01 78.1 51.3 1.6¢
5,17 78.3 55.4 1.83
1.48 7.6 50.5 2.68
4.6 Bi.7 54.7 3.61
Apr=91 2.03 87.5 62.1 4.78
May=3 5.87 90.9 67.3 5.38
Sun=9: 7.37 82.3 65.2 5.08
Jel-9i B.66 92.3 7¢.2 §.47
Aug-92 7.38 93.5 70.2 4.63
Sep-92 4.70 91.4 €6.7 4.4
Oct-91 2.98 8€.2 65.9 3.49
Hov=-91 2.86 768.2 55.2 2.06
Dec~91 g.88 78.0 3.6 1.69
Jan~-92 2.36 3.2 46.7 1.68
Fen-92 4.73 78.3 i1, 2.28
Har-92 2.26 8.7 52.5 3.23
Apr-32 4.3 86.1 56.4 4,01
May-92 3.84 90.6 €3.9 513
Jen-92 2.7 82.6 €7.9 £.59
Min 0,33 £9.5 §3.2 1.38
Max 15,77 93.9 1.0 5.38
Average 4.39 85, 0.4 3.7
Annua. Ave %1 _ES 41.82

EFFECT RET
RAIN  IRR RED

_Inches _ Inches

3.50 1.23
3.7 0.77
1.00 z.89
0.71 2.0¢
1.36 6,55
0.64 0.88
0.76 1.05
0.07 2,17
1.56 1.46
1.22 2,64
0.96 3.67
1.95 2.64
2.94 1.76
2,95 . 1.42
2.99 1.02
1.64 1.41
0.36 1.1
0.51 0.47
0.82 3.08
1.23 1.22
6.73 2.69
0.57 3,52
0.77 4,22
3.50 1.39
4.08 0.87
3.85 1.24
1.37 z.58
0.18 2.56
£.13 2.00
6.37 1.27
1.79 0.04
0.58 2.10
1.78 1.82
0.838 3.88
2.44 2.94
2.%2 2.16
3.25 1.23
2.85 1.77
1.87 2.28
1.19 2.30
0.31 1.7
0.31 1.38
0.08 1.60
1.69 0.58
0.51 2.32
1.53 2.08
1.65 3.46
1.59 0,00
0.07 0.00
4.5% 4.22
1.62 1.85%
19.45 22.1%8
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Table B-3

EFFECT RET
RAIN IRR REG

Inches Inches Inches

ST. PETERSBLRG

HAR MIN . ET
RAIN TEMPE TEMP PENMAN

poxsy Inches ? F
Jul-88 7.65 89.0 77.0 4.79
Aug-28 10.22 92.0 77.0 . 4.54
Sep-68 25.31 8.0 T6.0 3.9¢
Oct-86 0.30- 82.0 68.0 3.36
Nov=88 6.54 8.0 €6.0 2.4%
Dec~88 G.67 1.0 %6.0 1.65
san-89 1.98 7%.3 6i.1 2.00
Tab-89 0.43 T3.1 58.2 2.56
Mar-689% 2.47 7.2 £2.2 3.3%
Apr=89 0.35 g1.1 £6.0 §.41
May-E9 1,05 B6.1 1.6 5.40
Jun~-B9 6.46 88.5 75.3 4.72
Jui-B% . T2 80.8 71.5 S.08
Aug-8% 5.73 8c.5 77.1 4.36
Sep-B9 7.7 88.8 76.4 3.1z
Ocz-8% 1,52 82.3 69.4 2.88
Ncv-89 1.68 7.2 62.6 1.97
Dec-83 7.82 £:.2 48.% 1.35
Jan-9C 0.4¢7 73.2 57.5 1.56
Fed-90 $.3% I8.C €1.3 2.33
Kaz=80 .17 7.4 .63.0 3.45
Apz-20 0.€9 79.8 65.7 .08
May-32 1,88 BE.5 13.2 .82
Jun-3% 1,82 B9.3 T 75.6 4.82
Jul=%0 7.57 89,6 76.1 4.47
Avg—-9C 5.44 85,8 T7.7 4,81
Sep-90 I.848 B9.0D 76.6 3.8%
ocz-50 1,28 B4, 1 7..8 3.20
Rov-50 0.BE 8.0 . 63.6 2.18
Dec-90 0.24 15,2 58.8 1.98
Jan-51 6.20 73,3 60.3 1,82
Fap-91 .58 2.8 57.8 2,63
Mar=%1 1.07 .5 15.56 3.04
ApT=9% A28 A43.5 9.7 .03
Kay-51 3.1€ E7.3 4.5 3.92
Jun=31 2.7 89.3 76.3 3.78
Jui-9 10,57 SC.4 77.3 -4.08
6.47 B9.9 8.1 4.2%
€.22 8%.4 T6.4 3.3
i.08 B2.5 0.4 2.85%
0.20 3.3 £0.3 1.82
D.62 15.6 58.0 1.56
2.89 67.2 53.2 1.50
4.3 1.6 57.86 2.02
2.4L 74,1 59.6 2.92
2.89 B0.9 66,6 3.682
.22 86.0 2.1 4.7%
6.94 8E.B 15.8 4.22
) o.20 65,2 48.9 1.3%
Fax 25.5] 52.90 Je.1 5.82
Average 4.08 8i.5 €8.0 3.38
Annual Ave 408.99 40.3%

2.97 1.82
1.75 0.79
3.9¢ .00
0.66 3.30
2.40 0.09
0,23 1.43
D.75 1.25
0.12 2.44
1.00 2.39
0.09 4.32
0,47 .93
3,23 1.50
3,04 2.04
2.25 2.11
z.81 8.9
C.60 2.28
0.64 1.33
1.04 0.31
0.14 1,42
1.89 8,44
0.48 2.37
8,27 3,75
0.91 4,81
§,07 0.75
2.89 1.58
2.2 2.6D
9.8 3.1
6.52 2.68
0.32 1.86
.02 1.54
1.82 0,00
0.18 2.44
0.42 2.6
0.89 114
2.67 1.25
1.12 2.66
3.77 0.32
2.49 1.76
7.29 3.07
€.42 2.4%
0.9 1.82
0.20 1.36
1.01 0.4%
1.60 . 0.4l
0,95 1.87
1.17 2.45°
t.02 .7
2.64 1.57
.00 0.20
4.07 4.53
1.41 1.56

i6.8% 23.46
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Table 3-3 PAGE__LI(> OF 22
SPRIRG HILL
. MAX EIN £T EFFECT NET
-} RAIR TEMP TEMP  PENMAN RAIN IRR REQ
WHORTE Inches bl r Tnches Inches Inches
Jul-88 5.18 93.0 §7.0 $.57 1.88 2.72
Aug-08 8.01 93.0 §7.0 L 4.24 2.67 1.57
Sep-08 18.35 §2.0 §6.0 3.72 3.72 0.00
oeT-08 0.78 87.0 52.0 2.77 0.25% 2.52
Nov-88 3.8 83.0 51.0 1.94 1.15 0.78
bec-88 1.82 15.0 §2.0 1.43  0.58 c.04
Jan-89 2.60 19.0 17.8 1.73 0.84 0.89
Fab-89 0.70 73.3 44.7 2.21 0.21 2.0
Maz-89 1.84 80.8 52.2 2.95 D.6¢ 2.30
Apr-8s 2.70 B4.7 52.7 3.26 0.95 2.32 B
May-B9 . 2.81 P8.% 58.2 4.7% 1.07 3.68
Jun=§3 8,23 92.4 €9.2 3.60 2.63 0.%6
Jul-89 5.5% 92.4 7.6 4.98 2.03 2.95
Aug-83% 7.20 91,8 - 70.% 4.50 2.47 2.03
Sep-838 $.74 91.4 71.3 3.46 3.02 D44 >
Oez-89 1.63 85.5 61.8 2.€9 0.56 2.13
Nov-89 2.82 79.2 53,9 1.79 0.94 .85 i
Dec-BY 5.69 §3.0 38.1 1.2¢ 1,28 £.00
Jan-92 2.32 75.8 48.7 1.81 6.76 1,05
Tep-9z 5,63 78.¢ 54.8 2.16 3.7 -0.42
Kaz-9C 3.5¢ - 8.2 54.4 3.07 .23 1.87
Apz-9C 0.47 B4.9 37.8 4.19 0,13 §.07
May-92 0.86 91.¢ €7.3 4.56 0.31 §.25 —
Jun-90 6.75% 93,7 71.4 §.66 2.35 2.3%
Jul-90 14.82 53.5 73,6 §.41 §.41 0.00
Aug-82 3.73 24.1 73.6 4.2¢ 1.35 2.89
Sep-399 4.08 831.% 1.4 3.8 1.44 2.44
oez-36 3,68 ge.5 65.6 2.98 1.25 1.4
ov-93 - 0.54 B3.2 56.2 2.12 C.30 1.82
ec-9C 0.36 79.4 53.0 1,18 £.06 1.73
Jan-51 3.59 76.6 55.9 1.79 1.14 0.66
Fab-81 i.67 76.5% 52.0 2.22 0.56 1.66
Mar-91 4.95 79.2 54.8 2.854 1,62 1.32
Apz-91 5.38 87.5 _ 64.4 3.86 1.84 2.02
Hay-9i 7.50 31,8 §9.2 4.56 2.56 2.08
Jra-91 4.98 9:.7 70.1 4.50 1.78 2.%2
Jel-o 10.20 §2.7 74,2 4.08 3.23 0.85
Aug-91 11.97 93.4 73.8 37 3.66 0.05 5
Sep-951 3,35 §3.7 8.4 3.35 .17 2.18 N
Oct-51 1.52 86.8 €2.3 2.43 0,52 1.92 .-
Nov-81 D.6%7 749.8 52.7 1.87 0.19 1.68 ‘
Dec-31 1.27 8.8 51.3 1.57 0.41 1.16
Zan~92 L.34 73.% 43,7 1.56 C.43 308
Teb-92 3.85 6.2 51,9 1.94 1.25 0.8%
Maz-92 0.30 7.8 53.4 2.87 0.29 2.58 .
Apr-93 3.04 85 ¢ £7.2 3.56 1.68 2.48 -
Kay~92 0.95 8%.5 €3.4 q.12 0.26 4.46
Sun-92 €.09 82.5 - £9.2 4,36 2.1% 2.24
min 0.36 €3.0 38.1 1.20 0.06 p.oo
Max 18.35 94.1 74,1 £.98 4.43 {46
AveTage 4.37 B5.2 59.% 3.1% 1.38 1.0

Rnnuel Ave

£2.39 37,89 16.54 22,28
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Tabie B-3 PAGE " 0:: =

TAMPA J
MAX MIN ET  EFTICT NET
RAIN TEN? TEMP  PENMAR RAIN  IRR REQ
HONTH Inches E F__Inches Inches _ Inches
Jui-88 3.40 91.0 4.0 4.7 1.44 3.29 ]
Aug-68 i1.09 $1.0 75.0 4.41 4.00 D.41
Sep-88 13.56 92,0 75,8 3.92 1.92 0.00
Oct-28 0,989 85.0 63.0 3.22 0.00 3.22 ]
Nev-28 5.97 81.0 61.0 2.38 2.08 €.30
Dec-88 1.64 7.0 52.0 1.62 D.61 1.01
Jan-89 1.54 71.3 5.9 - 1.9% 0.58 1.37
[ Feb-29 0.4} 154 5¢.1 2.53 0,11 2.42 -
=3 Mar-89 1.7% 9.5 60,1 3.38 g.73 2.65
- Apr-B9 0.7 B2.6 61.3 4.28 c.28 1.0t }
& Hay-89 0.24 89.7 67.1 5.2%9 0.03 5.26
Jun-89 7.41 31.1 3.6 4.7 2.88 1.86
Jul-88 8.86 91.9 4.6 4.99 3.¢1 1.58 ]
. Aug-B% 7.90 93.9 74.0 4.30 2.97 1.33
Sep-89 6.11 90. 6 74,1 3.7 2.30 1.40 :
Ocz-89 1.8% B4.7 £6.0 2.86 0.75 2.11
Hov-89 2.0% 196 58.1 C1.96 c.17 1.19 ]
Dec-89 1,12 £6.5 45.8 1.34 1.34 0.00 :
0.53 16.6 55,8 1.82 0.16 1.46
4.58 18.8 £€3.% 2.17 1.65% 0,71 =
1.7 8G.8 $6.5 3.4c e.70 2.70 J
- 1.47 82.7 61.4 4.00 D.62 3.38 D
1.76 §5.0 .t 5.80 0.82 4.98
5.:6 1.7 73.7 4.83 2.31 z.72
10,01 81.3 73.7 G.44 3,67 0.77
Aug-80 3. §2.7 15.¢ 6.8 1.40 3.38
Sep-90 2.42 92.4 75.1 3.83 1,03 2.82
Oct-90 2.63 B7.2 €2.0 3.15 1.04 2.0
Nov-$0 0,66 1.5 58.% 2.1 0.23 1.93
Dec-90 b.i% 8.1 £.6 1.90 0.00 1.90 :
Jan-91 2.41 75.6 57,7 1.82 0.8% 0,93
Feb-91 0.4 7.3 54.1 2.58 0.11 2.46
Mar-91 1.27 7.2 7.2 3.18 0.52 2.8%
Apr=8§1 1.5¢ 86.2 §7.4 4.03 9,65 3.38
May-§1 [ -1 BS.8 72.6 3.8% 2.58 1.37
Jun-81 .78 85.8 1z.8 3.7 1.50 2.2¢
Jul-91 9.92 89.7 7.8 4.01 3.5% D.45
Aug-91 7.35 1.2 7s.2 4,18 2.7 1.42 ]
Sep-51 3.43 §1.7 7z.: 3.33 1.35 1.99
Oct-31 0.78 8s.2 €2.5 2.80 8.29 2.51 . :
Nov=§1 0.3C 6.8 Se.6 . 1.84 6,06 1.7% e
Dec-91 0.67 74.8 5¢.3 1.55 o.22 1.32 ]
Jan-92 1.47 £5.0 8.6 1.52 0.54 0.98
Fan-92 3,867 2.5 54.6 z.m 1,33 0.68
=52 .55 2.9 £4.6 2.84 0,37 2.48
Apr-92 217 82.9 €2.8 3.58 ‘¢.89 2.69 . ]
May-92 0.10 86.9 €8.9 578 0.00 4.75
Jun-92 7.03 8C.7 7.0 4,18 2.67 1.%53
. kin 0.CY 66.5 tE.8 1.34 D.00 0.00
Max 13.58 52.7 771 5.8C 4.00 5.26
Average 3.50 £3.7 64,8 3.33 1.29 2.04
Ansual Ave 1.98 39.%7 15.48 24.49
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Table B-3
VENICE

HBAX KIN ET  EFFECT RET
'__-‘*! RAZR TEMP TEMP  PENMAR RAIN IRR NEG
. BOXTH Inches F F Inches Inches Inches
Jul-88 5.04 88.0 3.0 4,64 2.04 2.60
aug-88 8.78 92.9 77.0 4.54 3.30 1,25
Sep-88 10.i2 $5.0 8.0 4.0 3.68 o.64
oct-88 0.75 85.0 62.0 3.22 0.2% 2.9
Kov-B8 3.47 B1.0 61.0 2.41 1.29 1.12
Dec-B8 1.53 17.0 56.0 1.78 6.5%7 1.23
Jan~89 2.75 78.% 60.8 2.09 1,02 1.7
Fab-85 0.15 77.8 58.3 2.6% o.00 2.69
Hazr-89 2.85% 79.2 61,7 3.43 1.07 2.3
Apr-8% 0.55 81.7 62.9 4.31 0.22 4,08
May-B9 0.06 86.3 £7.7 5,21 0.00 5.21
Jun-89 8.50 86.2 4.0 S 4.87 3.23 1.44
Jul-89 5.44 93.0 73.1 4,96 2.23 2.74
- Aug-B% 5.52 93.% 73.2 4.32 2.18 2.14
Sep~8% g.78 91.9 8.5 3.87 318 0.69
Dez-#9 1,86 85.5% 65,7 2.88 0.74 2.14
Nov-89 0.98 78.3 59.1 1.98 0.38 1.62
Dec~83 5,12 £7.1 §7.1 1.39 1.39 0.80
Jan=-93 0.2? 78.7 £5.0 1.68 0.04 1.64
Tab~32 3,90 BO.3 £8.5 2.40 1,33 1.27
¥aer-9¢ 1.08 8.4 57.5% 3.3¢ 0.44 2.95
Ap--90 1.33 84.0 §0.0 4.00 0.56 3,44
May-92 1.9 80.4 68.6 5.68 0.8 $.78
Jun-20 8.10 92.2 7.1 4.5 LI 11 1.44
Jul-50 8.5% 92.4 73.2 .46 321 1,25
Aug-80 6. 60 85.7 73.7 §.76 2.6 2.15
Sep-90 3.38 2.3 72.1 3.90 1.37 2.52
Ocz-50 7..1 81.7 67.2 3.16 2.54 0.6
~TyNov-32 2.8% Bi.2 58.6— 2.17 1.06 i.i¢
ec-90 2.0% 78.3 54.3 1.8% 0.1 1.13
Jan=31 3.8 77.1 57.6 1.88 1.36 0.52
Feb-51 1.20 76.2 5.3 2.64 0.47 2.17
Mer-§1 1.04 78.7 7.5 2.82 0.42 2.42
Apr-62 $.87 BE.® 66.8 3.85 3.82 2.15
Hey-95 $.38 89.6 €5.9 3.89 nm 0.52
Sun=93 5,15 91,3 1.7 3.76 1.64 2.13
Sul=0i 1062 82.0 73.%5 4.0% 3,77 0.27
Aug-51 g.18 §2.2 74.1 4.19 3.04 1.15%
Sep-F1 2.4 82.4 2.1 3.36 -1.10 2.26
ocT-42 288 86. 6 £5.5 2.88 0.48 2.37
Rov-81 C.0E 77.7 54.85 1.89 0.00 z.89
_ Decisl D.44 78.5 53.9 1.84 0,12 1.51
San-§2 t.98 32.2 48.4 1.58 0.35 1.24
Feb=-52 4.7 6.4 54.7 2.11 1.56 2.54
Kar-92 2.82 76.3 57.% 3.00 1.02 1.97
Azr-52 1.63 B2.4 €2.2 3.56 0. 63 2,88
FHay-52 1.78 87.1 67.6 4.65 6.79 3.87
Sun=-92 25,82 89,7 72.0 §.14 §.3¢ 0.00
Min 0.6 £7.2 §7.2 1.39 0.20 0.22
Fax 25,82 $5.0 Bi.0 5.68 .34 £.2:
Avezage 4,22 84.5 £5.5 3.35 i.¢8 1.EB
ALSUE. Ave Il.0¢ 40.23 hri 22.32

EXHIBIT

(PO -3)

page_| | OF

153




EXHIBIT _ (L bai=3)

pAGE_ 1V OF __193

Table B-2
WINTER HAVEN ]
. MAX MIN ET  EFFECT NET .
. RAIN TEMP TEMP  PENHAN MAIN  IRR REQ
MONTE Inches F 3 Inghes Inches Inches ;
Jul-26 3.69 $2.0 72.0 §.84 1.38 3.46 ]
Aug-88 1C.93 94.0 74.0 6.2 3.58 1.14
Sep-B8 8.08 91.0 72,90 . 3.9% 2.64 1.31 )
Ocz-88 1.27 85.0 64.0 3.18 0.4¢ 2.74
Hov-BE 7.81 82.0 €3.0 2.23 2,23 0.00 . J
Dee-88 0.91 75.0 £2.0 i.65 n.28 1.37
Jan-89 2.62 81.3 6.5 2.11 0.86 1.25
Tab-8% 0.32 80.0 52.3 2.8 0.05 2.46
Mar-89 2.20 83.9 59.9 3.41 0.79 2.62
Apz-89 3.80 86.8 §3.3 4.38 1.39 2.9% .
May-89 1.44 90.4 €9.9 5.52 2.58 4.85 - _
Jun-89 4.68 94.1 73.8 5.35 1.77 3.59 - 2
Zui-8% 8.41 3¢.2 . 15.3 §.48 2.82 1.66 J
Aug-B9 1.56 95.5 75.6 £.33 1,12 3.61 i
Sep-89 7.28 $2.1 75.8 4.28 2.46 1.82 :
Oct-289 £.55 84.5 67.5 3.20 .15 3.04 .
Nov-B8 1.49 8.3 61.3 2.26 0.50 1.76 ]
Dec-B% 5.3%5 €8.1 16.% 1.41 1.41 0.00
Jan-92 c.97 79.5 56,7 1.9% 0.5 1.64
Teb-90 2.65 7.5 6.1 2.60 . 0.%0 270
Mar-80 3.co 81.1 1.5 3.69 197 2.62 ]
Apr-90 1.60 85,4 62.9 §.27 ©.60 3,67
May~9C 3.37 92.2 65.3 5.25 1.30 3.94
Jun-9C a.47 52.9 €9.6 5.18 3.25 C1.93 - )
Jui-90 10.93 93.2 71.4 4.91 3.62 1.2%
Aug-99 $.00 92.3 §9.8 ¢.73 1.8} 2.92
Sep-90 2.16 91,3 £9.5 4.12 0.82 3.32
Ocz-90 2.89 85.6 68.7 5.1 1.01 2.27
Nov-30 0.73 77.2 S84 2.16 0.22 1.94 ’
Dec-90 ©.97 78.7 £3.1 1.72 0.00 1.72
Jasn-81 2.89 7e.6 $9.2 1.88 0.94 0.92
Teb-81 5.73 77.0 56.0 2.32 0.22 2.10
Mar-3i 5.61 80.3 60.7 3.1% 184 1.3
Apr-9: §.42 8€.5 67.8 §.29 1.58 2.71 ]
Hay~51 - £.13 BY.3 70.2 4.7 1,85 2.86
Jun-31 6.01 1.6 714 5.1 2.18 2.97
Jui-gl 12.13 92.3 73.3 4.57 £.05 0.52
Aug-51 §.43 92.6 75.9 ©4.83 i.63 3.21 . l
Sep-51 3.35 5i.4 74.9 4.39 1.24 3.:6 .
OctT-$1 4.98 £.5 €4.€ 3.45 1.6B 1.77 o
Kov-51 0.20 7.7 58.3 2.10 0.00 2.10
Des-91 0.40 78,0 58.7 1.76 ¢.08 1.88
Jan-92 1,54 3.6 £35.3 1.7 0.5C 1.2
Teb-92 3,42 75.9 £2.7 2.23 1.12 1.1
Maz-32 1.13 70.8 t5.6 3.33 £.39 2.94
Apr-52 3.87 B5.7 62.5 4.18 1.39 2.79 -
May-92 1.47 50.3 67.6 5,32 0.58 4.7137
Jun-92 13.09 92.7 71.0 4.69 .17 0.52
Min 0.07 6B.1 46.5 1.4% 0.0¢ 0.00
Max 13.08 95,8 75,9 5.52 4,17 4.95
Average 4.03 B5.3 64,7 2.60 1.36 2.23
Anmyal Ave {B.40 38.55 16.35 26.8C
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SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
TELEPHONE SURVEY CQUESTIONNAIRE =~ SINGLE F R

- -.._\
: !
' Name of Interviewer:
Date: Time: __  __  _ ___ p.m.
BC ID Numbar: :
Name, Address and Phone Number of Person Interviewed:

SF .
1

RN
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SINGLE YAKILY RESIDENTIAL ]
! . 1
Hi. my name ip , and I'm working with the Southwesct E,
Florida Water Management District. I'm sure you’rs aware of the potential T
problsme we [ace in supplying adsquits quantities of water to the increasing

will better ehable us to serve you in the future. What we are acking is about
five minutec of your time to answar a few guestions concerning the way you use
water. The ancwsrs you glve will be kept confidential. Will you please help us?

population of Florida. Well, we are invelved in a study, the results of which J

i 1F THE RESPONDENT 1§ NOT SURE OF WHAT SWFWHD IS, SAY:

¥ *The Southwest Florids Water Mapagement District iz .a qt;\rtrnment agency
responsible for mansging the water resources of our 16 county region. The
District does not sell water. It iz only a regulatery agency.’

1T THE RESPONDENT WANTS TO KNOW MORE ABOUT THE PURPOSE OF THE STUDY, SAY:

]
]
]

*The Informatien will be used to try to determine how varieus factore, including
water rates, affwct water consumptioen.®

IF THE RESPONDENT REFUSES TO PARTICIPATE, SAY:

*I hope we haven't inconvenienced you too much. I{ you have any questions about
the watar manapement districk, or this survey please call 1-800-423-1476. Thank

youi®

QUESTIONS;

1. Do you live In a cingle family residence?
YES ___ (go to single family questions)

HO ___ THEN sk, Yhat kind {s jt?

If Duplex _ . Townhouse

Apartmant or ‘Condo : . THEN

= terminate interview. °I'm sorry, this survey is targeted towards
single family residential water users so this will conclude the interview. I
hope we haven‘t lnconvenisnced you too much. If you have any quections about the
unt:r management district, or this survey please, call 1-800-423-1476. Thank
youl*




EXHIS!T Lo =2

PAGE_ 119 _oF _ |53

+

2. Is your household (INDOOR) watser service supplied by a water utility or
your own ycll? UTILITY OWN WELL ____ NOT SURE (RESTATE QUESTION)

' . . 8 o @
° B . IF OWN WELL, TERMINATE INTERVIEW. °“I°m sorry but this survey is targated
towarde utilicy supplied customexs with metared uss so thic will conclude
the survey. I hope we haven’t inconvenlenced you tee much. 1f you have
any gquestions about the water managemsnt district, or this survey, please

call 1-800-423-1476. Thank you!®

3. 1c your sewer service provided by a utility or your own septlc tank?
UTILITY SEFTIC TANK NOT SURE

BINCEN

i. Do you use hoses and sprinklers or an in-ground sprinkler system to water
your lawn? -

IN-GROUND SPRINKLER SYSTEM (GO TO 4= & 4b)
HOSES AND EPRINKLERS OR DON'T WATER (SXIP TO QUESTION 6).

. {circle one)
d.a. Has thers been an in-ground eprinkler system since 18887 .YES NO NOT
EURE IF NO, ASK:

Approximately what month and year was it installed? Mo yr
4.b. Does the gprinkler system have an automatic timer? B
NO (SXIP TO QUESTION 5) YES IF YES, ASK:

Hae there bean a timer since 1988% YES NO NOT SURE IF NO, isx:

Apprqxlmut;ly what month and ysar was it installed? Mo ¥Yr.

5. Is your sprinkler system connected to a reclaimed water system?

NO _____ {SKIP TO QUESTION 6). YES {GO TO 5a)

. [eircle one)
5.a. Weg it connected befors 13887 YES NO NOT SURE IF NO. ASK:

Approximataly what month and year was it cennected? Mo Yr, .

6. Do you have an irrigatien well or pump?
NO ___ (SKIP TO QUESTION 7) YES ___ (GO TO 6a)

6.a. Has the;o bean & wfll or pump #ince 15837 o
YES HO' NOT SURE IF RO, ASK:

Approximately what month and year was it installed? Mo Yr

7. Do you own your home?  YES- NO

IF KO, ASX: 1s Your water bill included in your rent?

YES NO NOT SURE (RESTATE QUESTION, I.E. *do you pay &
separate water bill in addition to your rent?"
8. Have you lived thers over { years? YES NO
P IF NO, ASX: How many years have you llved there? years?
!_—:__";

k|




5.
10,

10.a.

" Approximately what month and year was it tnctalled? Mo Yr

11.
12.
13.
14.

15,

EXHIRIT Q ALY-3 )
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On average, how ‘mny people live In your home?

Do you have & swimming pool? {A KIDDIE POOL IS NOT A SWIMMING POOLI

(SXIP TO QUESTION 11) YES (GO TO 10a)

e . {circle one) .
Hias there been & pool since 19887 YES NO NOT EURE IF HO, ASX: -

RO

NO

Do you have a washing machine? YES
Do you have a dleh washer? YES MO .
Do you have a garbage disposal? YIS NO

Have you ingtallad any water conserving devices in your tollets?
(TOILET DAMS, BRICKS, WATER BOTTLES, E"PC.)

NO OR NOT SURE (&8KIP TO QUESTION 15). YES IF YES, AsX:

Approximately what menth and year were they installed? Ho Yr,
Have you installed water conserving showerheads? YES __ NO __
NO OR NOT SURE {§XI1P TO QUESTION 18} YES ____ IF YES, ASK:

Approximately what menth and year wers they instxlled? Mo Yr
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18, I'm golng to read a list of ranges for market value of homes. If you can
agtimate the market value of your home, pleace indicate in which rangse it

falle: . B . 3
' (CIRCLE THE RANGE INDICATED}
&, < 40,000 ) .

b. - 40,000 ~ 60,000
€. 60,000 - 80,000
4. 80,000 - 100,000

.. 100,000 - 130,000

L. 110,000 - 160,000

g. 160,000 - 200,000

h. 200,000 - 250,000

1. 250,000 - 300,000

j. »300,000

k. NOT SURE
17. The next list of valuas are for total household income before taxes and i
other deductions. Please indicate which range best [its your total household E
incoms, .

{IF ASKED, INDICATE THAT STUDIES HAVE SHOWN THAT WATER USE IS RELATED TO INCOME. -
ANY INCOME DATA SUPPLIED WILL BE USED FOR STATISTICAL ANALYSIS PURPOSES ONLY, IT
WILL NOT PASSED ON TO ANY QTHER GROUP OR AGENCY}. :

a. < 25,000

b. 25,000 - 40,000

e. . 40,000 - 60,000

d. 60,000 - B0O,000

e, 80,000 - 100,000

f. 100,000 - 120,000 -

g- 120,000 - 140, 000
._g h. 140,000 - 160,000
-, > 166,000

3. NOT SURE

THIS Y5 THE END OF THE INTERVIEW. THANK YO"U FOR YOUR ASSISTANCE IN BETTER
MANAGING FLORIDA'S WATER RESQURCES. 1IF YOU HAVE ANY QUESTIONS ABOUT THE WATER
MANAGEMENT DISTRICT, OR QUESTIONS ABOUT TH1S SURVEY, PLEASE CALL 1-80Q0-423-147E.
THANX Yout . .




Table C-1. Summaoty of Sngle-Famlly Home Telephons Survey.

%

Counl
Queslion  Aniwer Bradonion Hifsborough Lake Placld  Lokelond  Monales  Speing Hill 5. Pale Tompa Venice Winter Haven Tolol
[AL] Yos 20 125 1@ [e1] 85 135 182 8 166 40 1213
. No ] ] [} 0 i) 0 0 0 ] 0 ]
Q2 Uity 0 125 (e 00 B4 135 182 181 156 a0 1.2
Well 0 [} 0 0 0 0 0 0 0 0 0
Nol Sus 0 0 0 [+ 1 0 1] 1] o 0 1
[+3] uiny 85 - M ia 08 n [ 179 174 186 21 w4
Soplic 2 1 L] I 0 128 0 4 0 % 301
Noi Swe 3 3 0 1 2 k] h] 2 0 0 7
Q4 llose 50 7 50 n 8 4 101 128 148 yL 162
In-Ground 3 a8 59 2% 2 2 a 5§ 18 15 448
NONE 0 2 0 0 0 0 0 0 [+4 ) 2
QA No 3 . 13 25 K] a 10 ) 22 1 1] 30
Yos 1o 3 M 15 14 8l 62 N 16 5 Mo
Q5 No 0 125 104 9 a4 133 179 178 188 40 1,200
Yos 0 0 3 | t 2 3 3 0 ] 3
Qb No M ns n 9% ¥ 9 &7 138 " 21 104
Yos 53 lO b 3 43 kY ns 42 52 19 410
Nol Suie 1 0 [+] 0 0 1] 1] 0 0 b} 1
o7 No ] 1l 2 5 4 8 t 15 13 3 [
Yes 84 108 107 94 80 127 130 183 165 a7 1135
aro No ? 1 ] 4 of 7 4 0 0 o 2
Yes o 0 0 0 1 a 1 0 0 0 2

407CC[ 39vd
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lable C-1. Summaiy of Single Farnly Horne Telephone Survay.

o

Count
Question  Answer Bradenton Hilsborough Lake Mocld  Lokelond  Mancles  Spring HRY $t. Pata lampa Veplce Winter Hovan Yotol
Qb Ne 1 27 13 7 1 23 24 39 1n 2 178
Yos » o 5 93 74 02 158 142 155 p1) 1034
:
9 [ n 3 25 ” 10 ) 2 ) 2 12 26
) 2 4 58 50 3 82 1] 10 %0 16 545
A ] 28 16 18 14 L} M kY | x ? w2
4 12 70 5 12 18 10 25 23 15 2 150
as o 1 0 0 0 o o o 0 0 1
5 9 (] & 1 4 3 12 n 6 3 70
4 0 ) 1 2 0 2 3 ? a o 1%
7 0 ' 0 0 1 1 [ 2 1 0 7
a ] ] o 4] 0 0 Q 0 1 0 4
) o 1 o 0 0 0 0 o 0 ] 1
Qlo No ] L] 70 104 85 14 15 151 157 129 2% 970
Yos " 55 3 15 1" 52 N 24 a 4 243
an No . 4 0 1 o 3 | 4 [ | 1 2
You s 125 108 100 82 134 178 173 185 39 1189
o2 No 2 T 49 E1) a8 13 & B4 " il a2
Yos 82 108 80 83 28 122 114 97 8 ]| 768
ou No 28 4 n 58 59 » 9 139 85 » 87
Yos 81 [\ 3 42 25 %% (73 a2 1] 1] 583 -
>
Qla No 7 0 85 7 9 103 10 ] 13 M 37 rGr)I
Yes 23 2 2 25 24 7 82 02 53 6 38
HNot Swe 0 0 o a t o o o o o 1
Qs No - a1 82 7n 53 3% 82 5 7 7 2% 575 ke
' (@)
il

"

L1giHX3
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Toble C-1. Surnmory of Single-Fomiy Home Tetephone Survey.

Counl
Queslion  Answaet Biadenion Hilsborough Loke Plocld  Llokeland  Mangles  Sping BN | 51, Pele Tompa Venice Winler Hoven Tolal
¥o1 48 70 a a7 48 7 107 no 78 13 N
Q6 A 5 30 5 3 1 2 L] 4 1 70
8 20 [} i 40 1a bl ] 25 L1 » H 241 .
c 20 a2 0 14 28 9 n a7 75 5 am
D 14 32 9 10 12 bl 52 N 30 5 214
E 4 21 7 ? 4 8 3l 272 0 0 s
3 | 7 ? 2 5 3 [ 13 5 0 a
G 0 0 4 3 0 o 4 4 0 0 15
H 0 0 0 0 0 0 4 5 0 0 10
1 0 } ) ! 0 0 0 ? 0 0 s
J 0 ) ! 4 0 0 0 1 0 0 7
K 12 9 14 8 9 s 2 (F] n s 125
Qi A 12 [ 45 17 10 0 ] kY 42 U] 234
L 2 21 8 18 24 H 3 30 4¢ 4 29
c ) 20 12 ] 1 8 2 28 24 7 160
D o 14 1 7 4 [} 2 13 [ ' 8l
E 1 10 3 3 2 0 5 14 3 0 4)
F o 0 0 1 0 0 4 3 0 0 (]
G 0 \ 0 0 o t 0 5 0 0 7
H 0 9 0 0 0 0 0 ¥ 0 0 2
' 0 0 0 ! 0 } 0 o 0 0 2
J 34 2 2 0 T [y 8l 3 25 8 an
{ ‘:5'5-"; : - : ‘l;-
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SWFWMD MULTI-FAMILY SURVEY
—.  WATER SERVICE CONNECTION ADDRESS
“ 4  FOR WHICH DATA IS REQUESTED:

INDOOR WATER USE
Ql How many units are there ar this address? ___

Q2 Please circle the range that best describes the average number of occupants per pied wmit,

L 1-2 b 2-3 o 3-8 d 4-5
Q3 Are water gnd sewer service included in the rent or maintenance fees? (circle one) yes Do
Qb4 Do units have washing machipes? {eircle one) yes o ‘
Q5 Do units have dishwashers? (circle one) yes 1o '
Q6 Do units bave garbage disposals? (circle cae) yes 0o
WATER CONSERVATION

If ey of the following water conservarion deviees have been installed in the last four yesss, please
enter the approximste date of ipstallation in the appropriste space.

Q7 Low volume toilets month __ year
‘.@ Q10 Water coqs:rﬁ.ng shower heads month ___ year ____
: SEASONALITY o7
In the chart below, enter your average monthly occupancy raie as best you can.
. AVERAGE
MONTH MONTHLY OCCUPANCY RATE .
QL3 Jaguary % :
Ql4  Februacy %
Ql5 March —%
Q16  Aprl % .
Q17 May % .
Q8 Juge —%
Q19 July __ %
Q20 Aovgust __%
Q21  Scptember %
Q22 October %
Q23 November %
Q24 December %

PLEASE TURN OVER TO CONTINUE
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OUTDOOR USE
Q25 How many swimming pools are served by this water service connection? l
Q26  Does your landstape irrigation water come from (circle one) ]
) 1. Your own well? J
; 2. Reclaimed wastewate:? ; .
3 {vfger udlity irrigation meter? ]
4. Water utility regular meter? ]
3. t zpplizable - ipg irpigati }
Please answer the following questions if you drcled sither water utility regular meter or water ]
utility irrigation meter above,
Q27  Which of the following best describes the area irrigated by your system? (circic one) ]‘
1. AD area up o the size of a single family rsid;ntia] lawn. ']
2. An area larger than a single family residential lawn but smaller thay an acre. .
‘ 3. Ap area of one acre nr.more. 'li

o e

Q23_7 Dices the irTigation system opeérale ob an aulomatic Wmer or does someone manually mrn.‘x-t op and off?
(circle one)

1. Timer

2. Magual




* kilhs

SWEFWMD Car Wash Survey
Car Wash Name and Address
for Which Data is Requestad

Please use your best judgetmeat io completing the following questions regarding your business:

1. INDOOR WATER USE

Is yours a tunnel wash operation? (please circie) Yes No

is yours a band wash (detail) operation? Yes No
If yours is oot a tunnel wash or hand wash operstion,
Ql bow many spray wash bays does your establishment have? _
Q2 How many days per weck are you open’? o
Q3 What are your busisess hours on Thursdays? o
- Does your system recycle wash water? © Yes o No
o Does your system recycle rinse walter? Yes or No
2. SEASONAL PATTERN

exrimT (L)
paGE__ G oF 195

In the chart below, identify the month that your business typically is most busy and enter 100 in
_ the right eoluma. For each of the other months, sster 100 minus the percentage reduction in
business in comparison 1o the busiest month. For example, if sales zre 20% lower in August tban

in the busiest month, eater 80 in the right columm.

BUSINESS AS
MONTH . PERCENT OF BUSIEST MONTH
Q5 January _ %
Q6 February %
Q7 Mareh %
Q8 April %
Q9 May __%
Q10 June __ % .
Qll Tuly %
Ql2 August %
Qi3 September %
Qlé October .
Qls November %
Qlé December %
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SWFWMD Hospital Survey
R Hospital Name and Address
for Which Dats is Requested

Please use your best judgement in completing the following questions regarding your business:

Ql 1.  INDOOR WATER USE
How many patient beds do you bhave?
: 2. SEASONAL PATTERN
i _ In the chart below, eater average monthly bed occupancy xs best you can.
- AVERAGE .
MONTH MONTHLY OCCUPANCY
Q2 Japuary % .
Q3 February _ %
Q4 March %
Q5 April %
Q6 May + %
Q7 Juge %
Q8 July %
Qs August %
Q1o September %
Q1L October T %
; Ql2 November %
'-.— , Qi3 December %
Qlé 3. LANDSCAPE IRRIGATION
Does your irrigation water come from (circle one)
1. Your own well? ]
& 2. Reclaimed wastewater system? )
3. Water utility irrigation meter?
4. Water utility regular meter? -
5.

Answer the remaini;;g questions oo the back side only if you circled water
utility regulzr meter or water utility irrigation meter abore.



g
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Qls Which of the following best describes the arca irrigated by your system? (vircie ope)

1. Ounly small, incidental landscape plantiogs around the building and pasking
areas.

1. An arez up to t.hc size of 2 msi;iaot.ia.l lawn

EN An area larger than a resideptial lawn but smalier than 1 acre.

4. Az area 1 acre or more.

(Ql6  Doss the irnigation system operate on au automatic timer or does someone m;nualiy turn it on and
off? (circle one)

1. Timer

2. Manual
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SWFWMD Hotel/Motel Survey
7™ . Hotel/Mote]l Name and Address
' for Which Data is Requestad

Please use your best judgement in completing the following questions regarding your business:

Q1. INDOOR WATER USE |
How many rooms (guest units) do you have?
2. SEASONAL PATTERN

In the chart below, eater average monthly occupancy as best you can.

AYERAGE
MONTH MONTHLY OCCUPANCY
Q2 Japuzry %
Q3 | February R
Qb March %
Qs Aprii _ % _
Qb May %
Q7 | Juge %
Q8 July %
Q9 August %
QL0 || September %
- Qll | October %
3 Q12 || November _ %
X Ql3 § December %
3. FACILITIES
Ql4 How many swimming pools do you have? .
Ql5 Do you operate and manage an on-site restaurant?
{circle one) yes .1}
Q16 Do you bave an on-site lauadry for washing your linens snd towels?
(circle one) yes no
QL7 4. LANDSCAPE IRRIGATION .
Does your irrigation water come from (circle one) @
1. Your own well?
2. Reclaimed wastewater system?
3. Water utility irrigation meter?
4. Water utility regular meter? .
5. Not applicable - po landscaping irrigation or landscaping maintaiped by compagyv

¥ou lease from.

Answer the remaining questions on the back side only if you circled water utility regular
meler or waler utility irrigation meter above.
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Q18 Which of the following best describes the area irnigated by your system? (circle one)

1. Only smail, incidental landscape plantings around the building and parking
areas.

2. An wres up to the size of 1 residential lawn

3. An area larger than & residegtial lawn but smaller than 1 acre.

4. An zrea 1 acre or more.

Q19 Does the irrigation sysfem operaic o &0 sutomatic imer or does someone manually tura it op and
off? (circle onc)
1. Timer
2 Magual
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SWFWMD Laundromat Survey
-~ Laundromat Name and Address
" " for Which Data is Requested

Please use your best judgement in compieting the following questions regarding your business:

1. WATER USE
qQl How many washing machines does your laundry have? .
Qz How many days per week are you open? _ ~
Q3 What are your business bours on Thursdays? __w_
2. SEASONAL PATTERN |

In the chirt below, identify the month that your business typically is most busy and eater 100 in
the right column. For each of the other monoths, eater 100 mious the percentage reduction in

- business in comparison to the busiest month. For example, if sales are 20% lower in August than
in the busiest mooth, eater 80 in the right column.

BUSINESS AS
MONTH PERCENT OF BUSIEST MONTH
Q4 Japuary %
Qs February %
3 Qé March %
K Q7 April o %
: Q8 May __ %
Qs June %
Q10 July %
Qli August __%
Ql2 Sepiember %
Q13 October ___ % .
Ql4 November % :
Qls December —®
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SWFWMD Nursing Home Survey
s+~  Nursing Home Name and Address
for Which Dais is Requested
Please use your best judgement in completing the following questions regarding your business:
1. INDOOR WATER USE
Q]  How many patient beds do you have? .
Q2  ‘What is your average occupancy rate?

2. Q3 LANDSCAPE IRRIGATION
Does your irrigation water come from (cirele one)

1. Your owg well?
2. Reclaimed wastewater sysiem?
3. Water wtility irrigation meter? i
— 4. Water utility regular met;r? - -

Answer the remaining questions only if you tircled water utility regular meter or water

3 utility irrigation meter above.
Q4 Which of the following best describes the area irrigated by your systam? (circle one}
1. Only small, incidental ln;dscape plantings around the building and parking
‘:' 2. Anarea up 1o the size of 2 residential lawn :
ER An wrea larger than a residential lawn but smailer than 1 scre.
4. An arezx 1 acre or more.
Qs Does the irrigation systeta operale on an automatic Lmer of does ;omeone manually turn it on and

off? {circle one)
1. Timer

2. ‘Magua)

Iﬁ}w\_‘
Uy
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SWFWMD Office Building Survey
::-_ Office Building(s) Name and Address
for Which Data is Requested

Please 132 your best judgement in completing the following questions regarding your business:

1 INDOOR WATER USE
qQl How many square fest of office space are there 2t this service address?

2. Q2 LANDSCAPE IRRIGATION
Does your irrigation water come from (circle one)

1. Your own well?
2. Reclaimed wastewater system? {
3 Water utility irrigation meter? ’
4, Water utility regular meter?
-3 t icable - i dscapi igtaj v &5 v vou |
frem.

Answer the remaining questions only if you circled water utility regular meter or water
utility irrigation meter above. '

-

Q3 Which of the following best describes the area irrigated by your system? (cin:ie one)
1. Cnly small, incidental landscape plantings around the Building and parking
areas.
2. An area up to ﬂ:!e size of a resideatial lawn
3 Az area larger than 3 miéc.uliz.l Jawp but smaller thap 1 acre.
4, An area ] aere or more.
Q4 Does the irmigation system operale oe an sutomatic timer or does somecne manually furn it op and

off? (circle one)
1 Timer

2. Manual
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SWFWMD Restaurant Survey
Restaurant Name and Address
for Which Data is Requestad

Pleass usc your best judgement in completing the foliowing questions regarding your business:

1 INDOOR WATER USE
Ql What is the seating capacity?
Q2 How many days per week are you open?
Q3 What are your busipess hours on Thursdays?
Q4 Ase meals served oo rensable or disposable dinnerware?
(circle one) reasable disposable

i

2. SEASONAL PATTERN
In the chart below, identify the month that your business typically is most busy and ester 100 in
the right column. For each of the other months, eater 100 minus the percentage reduction in
business in comparisan to the busiest month. For example, if sales are 20% lower in August than
in the busiest mooth, eater 80 in the right column.

. BUSINESS AS
MONTH PERCENT OF BUSIEST MONTH
Q3 Januzry -
Q6 February %
Q7 March %
Q8 April %
Q9 May %
Qlo0 June %
Qll July %
Qlz August %
Q13 September %
Qlé October %
~ QL5 Naovember - %
Qlé December __®
3 LANDSCAPE IRRIGATION
Ql7  Does your irrigation water come from (circle one)

1 Your own well? -

2 Reclaimed wastewater system? :

3. Water wility irrigation meter?

4. Water utility regular meter?

v vou |

Answer the remaining questions on the back side only if you dreled water uti!ﬂ.'y reguiar
metar or water utility irrigation meter above :
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I Table D-1. Mail Survey Results
AN :
a HOTEL/MOTEL LAUNDRY _ NURSING HOME
QUESTION Description Value Description Value Description Vaiue
] (=] Total Count 13 Totai Count 58 Total Count 54
Averoge 69 Averoge 25 Averoge 118
t Min 0 Min T3 Min 2
! Max . 0 Mox 43 Max 700
:
' Q2 Totol Count 113 Total Count 58 Total Count 54
Average & Average 7 Averoge 0
i Min 10 Min 5 Min : 25 B
Max 100 -  Mox 7 Max 100 3
Q3 Total Count 113 Yotal Count 58 1 2
) Average 81 Averoge s T2 4
Min 4 Min 10 3 4 -
Maox 00 Max 24 4 20
T 5 4
Total Count &4
Ty W Totel Count 113 Total Count 8 10
g) Averoge 80 Averoge 93 2 2
= Min -9 Min : 57 3 B
Max 100 Max 100 4 &
Total Count 26
5 Total Count 13 Total Count 88 A 10
Average 70 Averoge 93 M 16
. Min 20 Min 4 Total Count 26
: Max 100 Mox 100
Qb Total Count 113 Total Count 58
Averoge &0 Average o1 R
Min B Min &4
Max 100 Max 100 -
Q7 Total Count 113 Totat Count 58
Averoge 59 Average 83
Min 12 Min 0
Mox 100 Max - 100
! o8 Total Count 113 . TotalCount - 38
Averoge &0 Avercge 75
Min 10 Min 15

Miaox 10 Max {23]
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QUESTION

@10

Q1

Q12

Q13

@14

(SIE]

@16
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HOTEL/MOTEL LAUNDRY NURSING HOME
Description Value Descriction Value Description Vaiue
Total Count 113 Total Count 58
Average 5 Averoge &
Min 10 Min 7
Mox 100 Moax 1
Total Count 113 Total Count 83
Average s3 Average &8
Min 10 Min 7
Mox 97 Max 100
Total Count 113 Total Count 58
Avercge 5 Averoge &9
Min 10 Min 15
Max 7 Mox _0

‘Total Count 113 Total Count 53
Average 58 Averoge 71
Min 5 Min 15
Maox - 106 Max 0o
Total Count 113 Total Count 58
Averoge &0 Average 77
Min 10 Min 4D
Maox 100 Mc_lx 1
Total Count 113 Total Count S8
Avercge 0.63 Averoge 83
Min o] Min 48
Max 2 Mox 100
N as Total Count 58
Y 28 Averaoge )
Total Couny 113 Min o

Max 100
N 17
Y )
Totel Count H3

i
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QUESTION
Q17

Qis

@19

Q22
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Mol Survey Results
HOTEL/MOTEL LAUNDRY NURSING HOME
Description Valug Description Value Description Vaolue
1 19 .
2 L]
3 19
4 49
5 20
Total Count 13
1 3%
2 n i
3 19
4 13
Total Count 7%
CA % _
M - 42
Tetal Count 78
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Table D-1.

QUESTION
=)

=X]

a5

@7

1~

Mail Survey Resuits

OFACE RESTAURANT
Description Value Description Volue
Total Count 116 Total Count 12
Avergge 88 507 Average 144
Min 800 Min 6
Max 735430 Max - 540
1 25 Total Count 12
2 4 Average 6.72
3 37 Min 5
4 k] Max 7
5 12
Tota! Count 116
1 0 Total Count 12
2 @ Average 12
3 16 Min 4
4 23 MoXx 24
Tetal Count 78
A &8 D 1%
M 12 R 103
Total Count 80 Total Count 122

Total Count 122
Averoge 88
Min 25
Max o s
Total Count 12
Average 0
Min 0
Max 1o
Total Count 122
Averoge Q4
Miry 25
Max 1w
Total Count~ 122
Averoge 82
Min 25
Max 100
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Table D-1. Mal Survey Results

o OFFICE RESTAURANT
" QUESTION  Description value Description Volye
[ Total Count 12
Average 75
Min . - A0
Maox 10
Q10 ' A Total Count 122 )
- Average 7
Min 2
Mox 100
el Total Count 122
Avercge 70
- Min o)
Max 100
awe Total Count 122
Averoge &8
Min 20
Max 100
Total Count 122
Averoge &5
Min _ p.8)
Max 100
Q14 Total Count 122
Average 71
Min 2
Mox 1100
Qid Total Count 12
Averoge 78
Min 25
Max i)
Q16 Total Count 122
Average . B4
Min - 25

Mox i[oe)
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Table D-1. Mail Survey Results

OFFICE RESTAURANT
QUESTICON Description Volue Description Volue
Q17 1 - 7
2 8
3 18
5 53
Total Count 122
Q18 1 3% )
2 15
3 S
4 1 =
Total Count &0 :
@19 — A a4
B M 13
Totai Count 5
Q20
a
Q22
Q23

Q24




Table D-1.

2

P

QUESTION

Q1o
Move
to

an

Q12

Pt
§ Q13

Q14

QS5

Q16

Mail Survey Results
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APARTMENTS CAR WASH HOSPITAL
Description Volue Description Volue Description Vgolue
Total Count a7 Total Count 2
Average ™ Average o4
Min 40 Min 2
Max 100 Max \74
N %6 Totol Count 17 Tetal Count 22
\' B Averoge &1 Average 67
Total Count 174 Min 40 Min 33
Max 0] Max Q7
Total Count 17 Total Count 72
Average 85 Average 68
Min rd Min 33
Max 86 Max 97
Total Count 17 Total Count 2
Average 53 Average 69
Min 20 Min as
Max _ 100 Max 94
Total Count 174 Total Count 17 Total Count o)
Average 50 Average . 8] Average N
Min 25 Min K'a) Min 34
Max 100 Mex & Max 95
Totaol Count 174 Tofal Count 17 1 1
Average 12! Averoge 70 2 0
Min 25 Min a5 3 4
Max 1o Mox 100 4 5
5 2
Tota!’Counf 2
Total Count 174 Totol Courtt 17 1 0
Averoge 0 Avercge 78 2 1
Min 25 Min = 3 5
Mox 0 Max M 4 5
Total Count n
Tetal Count 174 Totol Count 17 A 9
Averoge 87  Averoge B2 M 2
Min 10 Min 70 Totcd Count 1)
Max 10 Max 100



Table D-1.

QUESTION

=]

Q3
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Mail Survey Results
APARTMENTS CAR WASH HOSPTAL
Description volue Description Value Description Value
Total Count 174 . Total Count 17 Tota! Count 2
Average 107 Averoge 200 Average 277
Min 4 Min 1 Min 50
Mox 0 Max 4 Max 1024
A 02 Total Count 17 Total Count 2
B 55 Avergge 6.65 Averoge 74
c 15 Min 6  Min 35
D 1 Mox 7 Max - 85
Total Count 174
N 17 Total Count 17 Total Count 22
Y 157 Average 12,15 Average 73
Total Count 174 Min 85 Min 31
Max 24 Maox Q5
N 135 N 4 Totai Count et
Y a9 Y 13 . Averoge 72
Total Count 174 Total Count 17 Min 13
Max Q7
N 74 Total Count 17 Total Count par;
Y 82 Avercge 95 Averoge &9
Total Count 174 Min 75 Min 12
Max 100 Mo o7
N 76 Total Count V7 Totel Courit 22
Y 98 Average @5 Averdge 67
Total Count 174 Min 80 Min B
Max jles] Max @7
N 13 Totol Count 17 Total Count »
Y 38 Averoge 97 Averoge 65
Totai Count 174 Min g0 Min 8
Max 100 Mcx 97
Tota! Count 17 Total Count s
Avergge 88 Avercpe 53
Min 70 Min 4
Maox 10 Max @7
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Table D-1.

S~

&y

=1

QUESTION
@17

Qs

Q19

Mail Survey Resufts

APARTMENTS
Description Value
Totol Count 174
Averoge : 84
Min 10
Max 100
Total Count 174
Average : 85
Min 10
Max 100
Total Count 174
Average 85
Min 10
Maox 100
Total Count 174
Averoge B4
Min 10
Max 100
Total Count 174
Average 84
Min e
Max 100
Totel Count 174
Averoge &5
Miry 10
Maox o1
Totol Count 174
Averaoge 85
Min 15
Mox 100
Total Count 174
Average 87
Min P}

Maox 10

CAR WASH

Description

Vaive
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HOSPITAL
Description Vale
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Mail Survey Resulls
APARTMENTS CAR WASH HOSPITAL
Description Volue Description Vale Description Volue
Total Count 174
Averoge 0.59
Min 0
Mox &
1 73
2 10
3 1
4 k™)
5 a4
Total Count 174
1 21
2 27 =
3 ' 17
Total Count 65
A 75
M - 26

Total Count 10

!
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Which of the following best describes the ares irrigated by youwr system? (circle ooe)

i

s

Ogly zmall, incidental landscape piantings around the bailding aod parking
areas.

AD area up o the size of & residential lawn

An area larger than a residential lawn but smaller then 1 acre.

An area 1 acre or more.,

Dou:heirdgnﬁmsymopnmenmmmﬁcﬁmordmmm manually nin it oo and

off? (circle one)
1.
2.

Timer
Mazual
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ESTIMATION OF IRRIGATION WELL LOGIT MODEL
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APPENDIX E

ESTIMATION OF IRRIGATION WELL LOGIT MODEL

One may ask why the model includes the groundwater depth variable DWELL instead of
& variable indicating the presence or absence of an irrigation well This appendix explains why.

- It is important t» understand the differences between cause, steps, and effect in
constructing the water demand equation. For example, consider a customer who responds 0 a
water price increase by installing an irrigation well which, in turn, decreases water taken from
a utility. Price serves as the cause, instaliation of an irrigation well as the step, and reduction
in utility water use as the effect Other steps could include, for example, improvements in
irrigation efficiency, reductions in landscape area, or installation of water efficient bathroom
fixures.

In this study, we seek to measure the cause znd effect relationship between water prics
and water use. This infonmation is used in a computer rate model to predict the water use impact
resulting from different rate structure options. Given this pwrpose, including the steps as
explanatory variables in the water demand equation tends to bias price elasucity towards zero.
This occurs becanse the step variables get credit for water use reductions that would otherwise
be atributed 1o water price. Because sinking an irrigation well is one of most dramatic steps a
customer can take to reduce utility water use, we do not want to exclude this from our measured
price effect.

Groundwater fevel, on the other hand, is a cause variable. As groundwater level rises,
the financial feasibility of an irrigation well.increases, which if installed decreases water taken
from a utility, Groundwater level is the cause, irrigation well again the step, and lower utility
water use the effect. We need to conwrol for different groundwatar levels among utilities 50 2s
to not wrongly confuse its impact with price effects.

We tested our hypothesis that customers tend 1o insiall irrigation wells as water price
increases and as groundwater depth rises. Other causal factors can alsor affect the decision of
whether or not 1o include an irrigation well. Customers with larger irrigable areas that use a lot
of water may find it relatively more worthwhile 10 sink a well. Wealthy custorers might also
be more inclined. As a way of quantifying the probability of a home baving an irrigation well
considering iot size, property value, average well depth, and marginal water price, we constructed
2 logit regression model Logit models are appropriate when the dependent variable—irrigation
well—takes on only binary values (0 or 1). The resuits show that the probability of an irrigation
well increases with increasing lot size, property value, groundwater level, and marginal price.
Figure E-1 plots the relationship berween the probability of an irrigation well and both well depth
and marginal price given all other variables are at their mean valves. The probability of an
imigadon well doubles from 32 to 64 percent when average well depth goes from 125 to 50 feet
and from 25 to 50 percent when marginal price goes from $1 to 35 per 1,000 gallons. Dewails
of the logit model are shown in Tabie E-1,
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E-3
TADLE E-;. LOGIT REGRESSIOK RESULTS
& VARIABLE DESCRIPTIVE STATISTICS:
HAME N MEAN $T. DEV VARLANCE HINIMUM MAXIMUM
IWELL 42257 0.34503 0.41838 0,22599 0.00000 1.0000
MP2 42257 2.1649 S 1.5441 2.3843 0.00000 7.0500
Lot 42257 $.8974 1.2699 10.632 5,0000 18.000
DWELL 42257 120.84 43,034 1921.8 4%,000 190,00
PV 42257 64.053 21.64€ 468.54 45.000 . 156.00
CORRELATION MATRIX:
) IWELL 1.9000
MP2 £.8E4C1E-BL  1.0000
LOT D.48331E-01 -0.19126 1.0000
DRELL  =6.32317 0.11542 £.219022-01  1.0300 =
PV 0.125€5 -0.12059L-C1 0.31473 £.1¢455z-01  1.0%00
IWTLL K2 Lot DWTIZ PV
LOGIT ANALYSIS DEPENDENT VARIABLE =IWZLlL
IWELL = f{M*2, LOT. DWElL, PV} -
42257. TOTAL OBSERVAIIORS
14580. OBSIRVATIONS AT OKZ
27677, OBSERVATIONS AT 2IRO -
ASYMTOTIC WEIGHTED
VARIABLE STANDARD T-RATIO  ELASTICITY AGGREGATE
RAME ERRDA  — AT HEANS ELASTICIZY
P
] \_} ¥e2 D.22268 £.715763-C2 31,111 0.32842 6.27968
Lot 5.37651E-0) D0.3563BZ-02  10.565 0.25387 0.20541
DWELL -0.18528E-01 0.274562-05 -67.482 -5.5252 ~1.1260
PV 0.1288SE-D1 ©0,52387E-03  24.396 0.56227 D.45%35
CONSTANT -0.20074 0.52209E-01 =3.8449 -0.13675 -0.10873
MADDALA R-SQUART D.1372
CAAGG-UHLER R-SQUARE C.18967
MCEASDEN R-SQUARE 0.11465
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WATERATE Registered Users

- WATERATE Registered Users

Aloha Utilities

Black and Veatch

Brooksv & Amaden, Inc.

Central County Utilities, Inc.
Charlotte Harbor Water Association
Citrus County

City of Bartow

City of Brooksville

City of Crystal River

. City of Dade City
. City of Dunedin Water Division
. City of Haines City

City of Inverness

. City of Lake Placid
. Gity of Lakeland
City of N. Miami Beach Util.

City of Northport
City of Oldsmar
City of San Antonio

. City of Sarasota

. City of Sebring

. City of St. Petersburg

. City of Tarpon Springs

. City of Winter Haven

. Florida Cities Water Company

Florida City Water Association

. Florida Public Service Commission
. Florida Rural Water

Garden Grove Water Company

. Grenelefe Resort

. Hernando County Utilities Dept.
. Hiilsborough County, Public Util.
. Homosassa Water District

. House Natural Res. Com.

. King Engineering, Inc.

. Law Environmental, Inc.

. Malcolm Pirnie, Inc.

. Manatee County Public Services
. On Top of the Worid

Oriando Utilities Commission

. Pasco County Utilities
. Pebble Creek Service Comp.

Pinellas County Water Dept

. Public Resource Mgmt. Group
. Resource Economics Consultants
. Sarasota County Gov. Utl. Dept.

Sarasota County Utilities

City
‘Holiday
Crlando
Bradon

- Sarasota

Harbor Heights
Lacanto
Bartow
Brooksville
Crystal River
Dade City
Dunedin
Haines City
Inverness
Lake Placid
Lakeland

N. Miami Beach
Northport
Qldsmar

San Antonio
Sarasota
Sebring

St. Petersburg
Tarpon Springs
Winter Haven
Tampa

Florida City
Tallahassee
Madison
Winter Haven
Grenelefe
Brooksville
Tampa
Homosassa
Tallahassee
New Port Richey
Tampa
Maitland
Bradenton
Ocala

Crlando

New Port Richey
Tampa
Clearwater
Maitland
Gainesville
Sarasota
Sarasota

Page 1
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State
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
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49.
50.
51,
52.

B5.
. World 8ank
57.

WATERATE Registered Users

SFWMD

Siesta Key Utilities Authority
Souther States Utilities
SWFWMD

Town of Belleair

Volusioa Council of Government
WCRWSA

SPAAC

City of Redwood City
City of Menlo Park

West Palm Beach
-Sarasota
Apopka
Brooksville
Belleair
Daytona Beach
Clearwater
Cairo

Rio de Janeiro
Redwood City
Menlo Park

Page 2
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FL

FL
FL

FL

FL

FL

FL
Egypt
Brazil
CA
CA
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SWFWMD Conservation Rate Study
Weighting System Scoring
of Uniform Rate Structure Approved in
Docket No. 920199-WS

Criteria Weighting % Score Weighted
Score

1. Rate structure form 20 2.5 0.5

2. Allocaton of fixed/variable charges 40 2 0.8

3. Sources of utility revenues 30 5 _ 1.5

‘4. Communication on bill 10 4 0.4

Total 100 3.2
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CALCULATING THE PRICE ELASTIC WATER CHANGE RESULTING FROM
' SSU’s PROPOSED RATE STRUCTURE

Introduction

The price elastic water change to result from Southern States’ proposed rate structure change is
estimated using the Windows based software program WATERATE 3.1. WATERATE is a
planning tool that simulates how changes in water and sewer rate structures impact water
revenues and water demand. It automates complex calculations for the user’s convenience and
provides a comprehensive, flexible framework from which to evaluate rates. The model was
developed for the Southwest Florida Water Management District (SWFWMD). Its default price
elasticity assumptions are based on a large empirical study conducted for SWFWMD in 1993.

WATERATE is run for four different groupings of water plants. The groups consist of
Previously Uniform, Previously Nonuniform, Marco Island, and Burnt Store. Previously
Nonuniform includes the following 11 plants: Buenaventura, Deep Creek, Enterprise, Geneva,
Keystone, Lakeside, Lehigh, Palm Valley, Remington Forrest, Spring Gardens, and Valencia
Terrace. Marco Island and Burnt Store, which use a reverse osmosis treatment process, are
separated because it is proposed that they will make up their own rate class. All other plants are
contained in Previously Uniform.

For each of the four groups, running the model requires inputting data into five sets of tables. A
description of the data and the assumptions made are described in the following section entitled
“WATERATE Data Input”. A summary of the data input into WATERATE is provided in
Schedule: E1-4 of the MFRs, a copy of which is included in pages 4 through 6 of this exhibit for
convenience.

WATERATE Data Input

Table 1 of WATERATE collects general information related to customer classes, type of rate
structure, water billing units, current year, and inflation. Customers are divided into the classes of
“residential” (single family) and “other”. The reason for the class separation is that “residential”
and “‘other” customers behave differently to water price changes; WATERATE accounts for this
difference. The block rate option is selected for the residential class; it is selected because the
sewer cap serves as an indirect block rate pricing vehicle (e.g., a zero price for water greater than
six thousand gallons per month). Water units are in thousands of gallons (TG) and general price
inflation is assumed to be 3.0 percent. WATERATE's algorithms make use of inflation adjusted
or real prices. The base year is 1995 and the projected rate case year is defined as 1996.
Although WATERATE can project over a three year period, in this application water use and
revenues are projected only for 1996 to remain consistent with the FPSC rate case.
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Table 2 of WATERATE collects price elasticity information. It is assumed that the residental
customers follow the default long-run price elasticity patterns established in the SWFWMD study.
It is also assumed that the residential property values of SSU’s customer base are approximately
equal to the residential property values found in SWFWMD’s service area as a whole. For the
“other”’ customers, the long-run unit price elasticity is assumed to be -0.20. That is, for every one
percent increase in price, a -0.2 percent long-run decrease in water use wouid result. The general
default multifamily and commercial long-run price elasticities in WATERATE are 0 and -0.25
respectively. Given about 20 percent of “other” water use is multiple family, the weighted long-
run elasticity is assumed to be -0.20 (0.8*0.25). In the short-run, customers are limited in making
all of their desired price related adjustments. Based on a three year horizon, it is assumed that 75
percent of the long-run price elastic impact will have taken effect.

Table 3 of WATERATE records the revenues allowed to be collected via water rates (revenue
requirements) for rate year 1996. In addition, the direct short-run revenue requirements are
inputted; these costs are the costs that vary proportionately with water use and include power
purchased water, and chemicals. It is important to include these costs in the analysis because as
water use decreases, revenue requirements will also decrease.

Table 4a of WATERATE collects number of accounts by meter size for each class including fire
protection. Meters are converted into equivalent residential connections (ERCs) using meter
ratios and summed. Table 4b of WATERATE collects expected annual water sales for the 1996
rate year. Table 4c of WATERATE collects bill frequency information for the residential class.
Specifically, the percent of bills associated with 1 TG/month increments of water use are tabulated
based on 1994 data. In addition, the percent of customers facing a price signal from a sewer bill is
collected. ‘

Table 5a of WATERATE records the base facility charge (BFC) per ERC for 1996. The BFC is
set to recover 40 percent of révenue requirements. The BFC for fire protection meters is set at
1/12th the regular BFC charge. Gallonage charges are inputted into Table 5b of WATERATE.
Both historical and 1996 water and sewer charges are included. Historical gallonage charges for
the nonuniform class are derived as a weighted average of individual plants’ gallonage charges.
The weights are based on 1996 projected water use.

WATERATE Data Output

Alternative gallonage charges are entered into WATERATE until the revenues generated from
rates for conventional (previously uniform and nonuniform) and RO (Marce Island and Burnt
Store) treatment are as close as possible to total adjusted revenue requirements (revenue
requirements listed in Table 3 adjusted for changes in the direct short-run revenue requirements
resulting from water use changes). Revenues do not exactly equal adjusted revenue requirements
because the gallonage charge in WATERATE only goes out to two decimal places.
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Table 6a of WATERATE describes the revenue impacts from the proposed rates. This table
shows the base revenue requirement, the adjusted revenue requirement, base facility charge
revenues, and gallonage charge revenues by class. Table 6b of WATERATE shows the predicted
annual water use change associated with each class for 1996. Table 6c of WATERATE shows
the change in the water use distribution occurring from the water price changes.




SCHEDULE OF WATER RATES - 1996
Summary of Waterate Software Inputs and Outputs 1/

Company: SSU/FPSC Jurisdiction / Proposed Conventional and Reverse Osmosis Treatment FPSC
Docket Mo.: 950495-W5 Schedule: E1-4
Schedule Year Ended: 12/31/96 Page 10f3
Water [x] Wastewatet | | Preparer. Bencini
Interim ) Final [x)
Historical [ ] Projected [x]
Presenl: FPSG Uniform [x] FPSC Non-uniorm [x]
Proposed: Conventional [x} Reverse Osmosis fx)
Explanation: Provide # summary achedule of the Watarate software 1ol inputs and outputs.
Conventional Reverss
Treatment . Osmosis
Revenues 2/ -
1 Original Rev. Req. Less Direct Short Aun Exp. $22,831,166 $10,458,202
2 Divect Short Run Expenses ¥ $3,200513 $1.218.241
3 Tota) Original Revenue Raquirement 326,002,739 $11,676,443
& Direct Short-Run RA Price Elastic Change 4/ -$257.819 $312,872
5 Adusted Revenue Requirement L34 $26,774,920 $11,643 571
& .
7 BFC Revenues A% L5 5 $10,309,968 84,657,428
8 Gallonage Revenues 0% L5 & $15,454 952 $6.005,143
9 Total Revenues 1o ba Coliected irom Rales L74L8 $25.774,920 $11,643571
10
11 Biling Determinants &
12 Projected Monihly ERCS 93,866 16,324
13 Projected Consumption TG 0,040,449 2,183,704
14 0
15 Projected Residential Consumption TG 7,074,000 1,101,846
16 Projecled Mull-F amily Consumption TG 81,741 282,106
17 Projected Cther Consumption TG 7/ 804678 99,43
18 Total Projected Consumption TG ' L1SeL1B+L17 8,040,449 2,383,795
19
20 Prics Etasticity Adjusiments &
21 Residential Price Elasticily Change TG -£26,884 -25914
22 Myti-Family Price Elasticily Change TG 0 a
23 Other Price Elasticity Change TG 49,169 31,841
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SCHEDULE OF WATER RATES - 1996 -
Summary of Waterate Software inputs and Outputs 1/

1/ The information on this schedule is a briel Summary ol $ome of the inputs and oulputs lrom the Walerale Software fool.
Reler 1o the testmony of John Whilcomb, Ph.D. for the compiete set of input and output tables and discussion of the maodel,
2/ Revenues e required income from Schedule B-1. Tha numbers are siightly tilerent oue 1o an increase in the payrol fax
which was not fan back through The Waterate model because the impact would have been minimal, The diferenca in
revenues o Convenbonal Treatment is $32,534 (B revenue is higher), and for Reverse Osmosis the difference is

$5,303 (B1 revenue is higher).

¥ Divect short-run revenue requiramants is composed of purchased power, purchased waler and chemicals. These are

expenses thal ars disctly cetated to wates volume.

Company: S5U / FPSC Jurisdiction / Proposed Conventional and Reverse Osmaosis Treatment FPSC
Dockel No.: 50495-WS Schedule: E1-4
Schedule Year Ended: 12/31/96 Page 20l 3
Walar [x] Wastewaler [] Preparer. Bencini
Inlerim{ ) Final [x]
Hishorical{ | Projected fx)
Present: FPSC Unilom (x] FPSC Non-unilom [x}
Proposed. Conventional [x] Reverse Osmosis [x}
Explanation: Provide 2 summary schedule of the Waterate sofiware tool inputs and oulp
Conventional Reverse
Treatrnent Qsmosis
Price Elasticity Adjustments cont. &/
24 Tolal Price Elasticy Change TG 1214£2241 23 -B76,053 57,755
25
26 Adysted Projected Consumplicn TG L1824 7,164,296 2,126,040
27
28 Residential Price Elasticity Change Percentage L2115 A1T% 24%
29 Multi-Family Price Elasticily Change Percentage 22116 0.0% 0:0%
20 Other Price Elasticity Chiarge Percentage LRy 55% 4%
31 Overall Price Elasticity Change Percentage L2418 -10.9% 26%
32
33 Preliminary Rate Caiculations 8/
3 BFC Rale iy $9.15 $23.78
35 Gafionage Charge Le12e 216 $3.29
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SCHEDULE OF WATER RATES - 1998
Summary of Waterate Software Inpults and Outputs 1/

Company: SSU/FPSC Jurisdiction / Proposed Conventional and Reverse Osmosis Treatment FPSC
Docket No.: 950495-WS Schedule: E1-4
Schedule Year Ended: 12/31/98 Page30i3
Water [x] Wastewater{} Preparer. Bencini
intesim |} Finad {x]
Historical || Projected {x]
Present; FPSC Unliom {x) FPSC Non-unitorm {
Proposed: Comventional [x] Feverse Osmosis [x)
Explanation: Provide a summary schadule of the Walerate software tool inputs and outputs.
| Conventions Reverse
Troatmant Osmosis

4 Thopreci:loﬂpt‘udaswummmhwwunmﬁmmﬂdalsuredmemedredsmnmnws& Raler o tw

jastimony of John Whitcomb, Ph.D., for a detalied exptanation of the Waterate model.

s Thummandm%galonagupmummisbmguswhﬁsmmmc. Ttisq\:aiﬁesasawwvah'unpmm
mmmmnmmacaMmmmmm. Refer 1o the tesimony of John Whitcomb, Ph.D. for details.

[ rmmmmmmmmm»wmmuw. The ERCS ate staled as monthly humbers
mmsmmwaummmwmmmmw. The consumplion number is after the conservaion program

adjusiments. Rater (o schadule E1-2in the 19960mwanﬁonmtememamnmrs30modsmudeﬂs
Thuumﬂnmndhbdmmmmwebmg

" Oﬂmmslwﬁmmmsmmam.puﬂcmwmdimﬁm. SSUMMWMWWMW
iniqaﬁonmhemdmmﬂmasmmmia!. Th}suﬂsmmeummdwiﬂg&ﬁmm

wmu.mnmmsmmmmumm.

& mwmwﬂmsmwmmmwamhmmw.ﬂwyhavebeenonmrtedkanagalmage
number o a percentage for application purposes. P\aasnelsmﬂ\amm\ydmmmt.mo.brm.

L Tmemmmmmwmmmm.Theydom!exacl!ymat:hwﬁnalmmsduah
rounding and Wi sighl incraase in revenus reqiemenﬁuonakmimwnside«alimhmm. In addilion, any

nos-standard rale design classes (ke raw waler in he reverse asmosis trealment category), are not included.
m;Wm
Assumed 75% of long-fun price ekastic response.
Asstmad long-run nonresidential price elaskicity of 0.20 (0 for mult-fiamity and - 25 for other).
Fire protection BFC 18 112 o BFC. ’

Bill frequency information basad on 1394 waler use consumption.
Nor-unilorm hislorical galonage and sewe charges basad on weighted average of prices.
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