


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 ONBEHALFOF 

13 SOUTHERN STATES UTILITIES, INC. 

DIRECT TESTIMONY OF JOHN B. WHITCOMB, PH.D. 

BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

14 DOCKET NO. 950495-WS 

15 

16 

17 

18 

19 

20 

21 

22 

23 



h 1 Q. WHAT IS YOUR NAME AND BUSINESS ADDRESS? 

2 

3 

A. My name is John Whitcomb and my business address is 1375 Eaton 

Avenue, San Carlos, California 94070. 

4 Q. 
5 

6 A. 

7 

8 Q. 

9 

10 A. 
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12 
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BY WHOM ARE YOU EMPLOYED AND WHAT IS YOUR 

POSITION? 

I am the principal of WATERTECH Software. and Consulting located at 

the address indicated above. 

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 to 1991 before starting WATERTECH Software and Consulting. 

WATERTECH Software and Consulting provides consulting 

services and computer software to water agencies to assist in the planning, 

management, and pricing of water resources. 

Included among my clients for water pricing studies are R e d w d  

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); Nonhridge, 
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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). 

4 

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 Dismct, 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). 

J 

I have authored or co-authored nearly a dozen pieces 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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Q. WHAT ARE YOUR PROFESSIONAL AFFILIATIONS? 

A. I am a member of the American Water Resources Association, for which 

I also am a reviewer of AWRA Journal 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? Q. 

A. I will discuss the water conservation impact of the rate structure and the 

widwin 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, I was sub-conaacted 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. 

Q. 

A. 

The first study presented to SWFWMD was the study entitled 
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"Defmition of Water Conservation Promoting Rates" which I will refer to 

as the "Conservation Rate Structure Study" which was completed in 
4 

February, 1993. The intent of this study was to provide guidance to 

utilities in developing water conserving rate smctures that would satisfy 

regulatory requirements and assist SWFWMD in the ability to quickly 

assess whether a rate smcture would be effective in promoting water 

conservation. 

provided in Exhibit - (JBW-2). 

A copy of the Conservation Rate Structure Study is 

Next, I continued my responsibilities 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 % zhange in 

price, all other factors held constant. This study culminated in the "Water 

Price Elasticity Study," which I will refer to simply as the "Elasticity 

Study," which was completed in August, 1993. A copy of the Elasticity 

Study is provided in Exhibit - (JBW-3). 

J 

Finally, I 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 automates 

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 

4 
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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 dishbution over a three year planning 

horizon. SWEWMD 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 SWFWMD 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 counay can 

not be validly applied to Florida. To obtain local price elasticity estimates, 

SWFWMD undertook the Elasticity Study. The study was designed to 

quantify the relationship between water price and water demand for 

customers within the S W F W M D  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 

Southern States’ service areas and the diverse demographics and 

characteristics of the customers living in them, I believe it is reasonable 

to assume a similarity of Southern States’ customer base and the customer 

base analyzed in the Elasticity Study. Therefore, I believe the price 

elasticities indicated in the Elasticity Study may properly be applied to 

Southem States. 

4 

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 facihties 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. 

4 

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 

Southern States' revenue requirements which previously had been 

recovered through the base facility charge from approximately fifty-five 

percent (55%) to only thirty-three percent (33%) in the rate structure 

approved in Docket No. 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 ofrevenues 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 conservation impact of the rate structure approved in Docket No. 

920 199-WS . 

Q. DID THE UNIFORM RATE STRUCTURE APPROVED IN DOCKET 

NO. 920199-WS MEET THE CRITERIA FOR A WATER 

J 

CONSERVING RATE STRUCTURE IDENTIFIED IN THE 

SWFWMD STUDIES? 

A. Yes. I applied the criteria set forth in the Conservation Rate Structure 

Study and confirmed that the rate structure established by the Commission 

in Docket No. 920199-WS and reconfirmed 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 

smcture being proposed by SSU in this proceeding, can indeed be 

classified as a water conserving rate shucture. 

COULD YOU BRIEFLY DESCRIBE THE RATE STRUCTURE 

PROPOSED BY SOUTHERN STATES IN THIS PROCEEDING? 

- 4  

Q. 
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A. 

Q. 

A. 

Southern States is requesting that the Commission continue to authorize 

the use of uniform rate structures -- one uniform rate for customers 

receiving service from conventional treatment facilities and one uniform 

rate for customers receiving service form reverse osmosis facilities. 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 Conservation Rate Structure Study, the 

rate structure proposed by Southern 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 

fixedlvariable 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 Southem 

States and arrived at a score of 3.2. My calculations are provided in 

Exhibit - (Jl3W-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. 

9 
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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 
4 

support for such a position. I can design a single price (non-block) rate 

structure that sends a stronger water conservation price 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 definition (yes or no) of a 

water 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. ~ 

d 
Q. 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? 

A. 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 



f l  1 

2 

3 

4 

5 

6 

I 

8 

9 

10 

11 

7 12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

reducing Southem States’ exposure to an inordinate level of business and 

financial risks. 

This inordinate level of business and fmancial 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 patterns, 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 water 

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 variation in water use aanslates 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 more 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 to 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 to a higher total risk 

assessment. 

Q. 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 Smcture 

Policy" dated December, 1993, Commission Staff made the following 

observations which I 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 

A. 

J 

d 
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gallonage charge will lessen the base charge which may 

impact the revenue stability of the utility. Generally, fixed 

costs are included in the base facility charge and variable 

costs and return on investment are covered by the gallonage 

charge. Therefore, if fixed costs are shifted to the 

gallonage charge and the increased gallonage charge results 

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 considered 

in changing rate level or rate structure. 

Q. 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 A. 

Q. 

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 

4 

J 

Company's investments in utility facilities. 

IS SOUTHERN STATES REQUESTING 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 weather 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 J 
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which Southern States is exposed. The WNC provides for a monthly 

adjustment of the gallonage charge, up or down, to reflect deviations from 

projected monthly consumption 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 - Finance 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- 

Q. 

A. 

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 suuctures 

that are 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 concerns 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 would 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 projected 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 contentious issues 

related to water use forecasts. The second advantage would be 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 

dramatically 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 

4 

4 
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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 

improvements 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 

resmct demand. Adoption of the WNC would lead to the improved 

financial viability of its-Egulated 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 disadvantages 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. I 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 (F’GA) and weather normalization adjustment 

clause pass through mechanisms commonly used by electric and gas 

utilities. The objective is to make automatic adjustments to rates on a 

predetermined basis. 

Q. 

A. 

There are several criteria for 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 identifiable 

factors, and (3) the factors upon which the adjustment is based must be 

significant, unpredictable, and outside the conwl of the utility. SSU’s 

case meets these criteria. An adjustment mechanism seems ideal for this 

situation. 

DOES THAT CONCLUDE YOUR TESTIMONY? Q. 

A. Yes, it does. 

4 

18 
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Southwest Florida 
i Water Management District 

2379 &cad Street (US. 41 South) Brwksville. Flcrido 3a609-6899 
hone  (pea) 796721 1 or 1-8M423-1476 WNCOM 628-4150 
T.D.D. No. only: 1-802-23l-6103 

Kay 4 ,  1 9 9 3  

D e a r  I n t e r e s t e d  Person: 

Per  your  r eques t ,  p lease f ind the enclosed copy of 
"Def in i t i on  of Water Conservation Promoting Rates" 

D i s t r i c t  (SWIWKD) by Brow and Caldwell Consultants.  
W e  feel  t h a t  the consu1tar.t did a n  outs tanding job  and 
hope tha t  you w i l l  f i n d  t h e  resu l t ing  product useful .  

The i n t e n t  of  this p r o j e c t  was t o  p rov ide  guidance, to  
u t i l i t i e s  i n  developing water conserving r a t e  
s t r u c t u r e s  t h a t  would s a t i s f y  r e g u l a t o r y  requirements, 
and p rov ide  the D i s t r i c t  with the m e a n s  of quickly 
a s s e s s i n g  whether a r a t e  s t r u c t u r e  would be e f f e c t i v e  
i n  Dr6motino water consena t ion .  The c r i t e r i a  ' 

. prepared f o r  the Southwest F lo r ida  Water Kanagement 
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ConLained in t h e  r e p o r t  are only recommendations made 
by t h e  consul tant .  

To become e f f e c t i v e  and supplant the c u r r e n t  "Interim 
Uinimm Requirements f o r  Water Conserving Rate 
S t r u c t u r e s "  (December 1991), would r e q u i r e  approval'by 
ou r  Governing Board. There a r e  no p l a n s  a t  this time 
t o  r e q u e s t  approval. I f  you r e p r e s e n t  a p u b l i c  o r  
p r i v a t e  w a t e r  u t i l i t y  i n  t h e  SWIWMD, w e  would request  
t h a t  you complete t h e  quest ionnaire  i n  the r e p o r t  and 
t e l l  u s  whether t h e r e  a r e  any problems wi th  its format, 
and what, i f  any, problems your u t i l i t y  may have i n  
complying w i t h  such c r i t e r i a ,  if adopted. 

Again, t hank  you f o r  your i n t e r e s t .  T h i s  is the first 
of three work products under our c o n t r a c t  with t h e  
consu l t an t .  A r e p o r t  on r e s i d e n t i a l  and commercial 
water p r i c e  e l a s t i c i t i e s  i n  t h e  SWFWMD, and a computer 
r a t e  model f o r  water conserving ra te  s t ructures  should 
be  completed by J u l y  1993. If you should have any 
ques t ions  about any of these,  p l e a s e  ca l l .  

Senior  Economist 
Planning Department 
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- . ERRATA SHEET 

page 6 3 ,  Table 6 2  
. 

The Lst sentence in item 1B. under Discu5ion should m d  " S e a s o d  ntes (see 
1C. Mow) would also promote more water comervation than nonvasonal 
uniform ntes." 

Appendix D 

Please dkegard Figurr D11. The WCRWSA Section 21 Wellfield can supply 
many utilities through an intfrCOnnected system. Theldorr  its p m p &  schedule 
b not reprQsentatiye of the demand for a single utility semice area. This graphic 
was induded in error. 

,--- 
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lk Soruhmsr Flori& WaIer MaMgemnJ Disrricr pirrr im) dw MI discriminare upon rhe 
baris of any individual’s disobiliry sranu. This Mndiscrimim’on policy involves eve_ry 
apm of the Disrrict’sfuncn’onr including one’s access IO, pamcipm’on, employmcrri. or 
r r e m m  in its p m g r m  or ncrivirier. mane requiring rearonable DccommOdnriOn os 
prondui for in rk Amcricm With Disabilinu Am should CONM Ms. Pany M&od m 
(934) 7967211 or I-8W423-1476. cnemion 44w; IDD ONLY 1-8#231-6103; FAX (9%) 
754-6874/Suncom 653-6874. 
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CHAFTER 1 

INTRODUCTION 

The water utilities within the Water Use Caution Areas of the Southwest Florida Water 
Management District (District) are required 10 adopt waur conservation-promoting nus by 
January 1. 1993. To assist the Water uIilitics.in meeting lhk requuemenl the Disuicl hired 
Brown and Caldwell 10 perform the following rasls: 

Task 1: Defme V:ater Consewation-Promoting Rates. 

Task 2: Develop a Customer C l a s  Profie Data Base. Estimate Water Demwd 
Models. and Eslimau Prim Elasticities. 

Develop a Computer Model Which. Can be Used by the Utilities 10 
Deknnine rhe Impacis of Altemti~~ Conservation-Promoting Rae 
Smcturrs on both water u x  and revenues from water salts- 

Task 3: 

?his repon documens the resulu of Tad: 1. The purpose of Task 1 and this repon is IO 
derme conwrvation-promoting rates in a manner such ha1 the water utilities and the District CM 
easily determine if such rates have been adopted. This chapter summarizes the objectives of 
water ntes in general. the criteria used to d e h e  conurvation-promoting rites. and the mehods 
used IO meuure whether a ulility satisfies these criteria. 

Chapters 2 rhrough 5 of lhk repon present the criteria and associated guidelines which 
defve conservation-promoting r a m .  Chapur 6 summarizes the criteria and associated guideline: 
in a "GoMo Go" format which allows both the water utilities and the District 10 casily detumine 
if the r a w  qwliry as conservation promoting. Under the GdNo Go forma& the guidelirc 
arsociated with those criteria. which are the most effective in promoting water conservation must 
be satisfied by January 1. 1993 (unless the ulility qualifies for a defmed exemption) and within 
2 years (Jmuary 1. 1995) all the guidelines must be satisfied (there will be no exemptions). A 
weizhting system which can be used by the water urilitics and the DisVict as an alurnative IO 
the GOMo Go form= ir summarized in Chapur 1. Whether the GdNo Go formal or the 
weiehung system h w d .  a questionnaire to collect the necessary dam from the utilities is 
presented in Appendix A. The review of the smu and counry regulxions governing the adopuon 
of waur  conurvntion-promoting n u s  is conlained in Chapter 8. 

J 
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Water Rates in General 

changes in the design of water utiliiy n tes  may k undemken for a variery of rearx;. 
In order to diu= the possible clfecu of raw design changes and the criteria which d c f i e  
comrvation-promoting ntes. it is helpful to distinguish beween rate sUucmrr form. cost 
allocrtion. and rate revenue lcvel hues. Communication of nus and warn  use on the water bA 
is also an imponan& but often ignored. maaer. 

Rate Structure Form. Rak structure form refers to the rued and variable charges used 
to collect rcvcnues. The rued charge is a set fee that each customer must pay per billing period 
regardla of the mount  of wafer used. Typically, the rued charge recovers the costs of mew1 
reading, billing, meter maintenance. and othcr cutomcr related expenws not directly related 10 
water consucption. In addition. some u es include all or a ponion of f u e d  capaciry-relatee 
costs in rhe rued monrhly charEc. Curtomcrs wilh larger meters ohen pay a higher fued  charge. 
The variable charge. in conbas& is the price paid for a unit of water (e&. 1.000 gallons). The? 
are two general iypts of var:ablc chug-: uniform md  block. A uaiiom n t e  scts the m e  pE;e 
for all units of water sold. A block rate chargcs a customer a differcnt price for incrcasbg 
increments of Water use during a billing pried. Under a block rate SJUcNTe. the price c m  e i L k  
iiw (inclining block mc) or fall (declining block rate) in successive block. Uniform ntes C a n  
also be seasonal if lhc value of a unit of water varies by s e w n .  Timc-dependent pricing is 
widely practiced in our cconomy-especially with capital intensive indusiries such ar &lines, 
holeis. telecommunications. and entrey.- Chapter 2 presents lhe waler consrvinn guideline; 
arsociated with thc rate suucrure form criterion. 1 

C m t  Wwation. Cost allocation concerns the apponionmcnt of tom COILS (revenu. 
requirements) to rhe rued and variable charges. In one exueme. all cos= could k coUecled 
lhrough a fued charge. On the other extnrre. all the costs could k col!ecCd via a quanti?: 
chargc. When considering the multiple objecdves involved. in Cevelopin: waler raws (10 k 
d i w w d  in the nexl xction). water uiilities strive to find the best comYination of fucd a?: 
variable charges. Chapcr 3 provides the water conrervauon guidelines assciated with ti% 
allocation of costs 10 the fued  and variable charges criterion. 

Rate Revenue Level Rate revenue lcvcl is defmd ar the towI revenuc derived frorrr 
user charges. In most CI+YS a warn  utility o p u s  on a f imcial ly  independcnt baris-all 
revenue r q u k m e n t s  M duivcd from user charses or othcr defendable fees (c.g.. connecuo.? 
fees. penalties. deposits. interest earned. e ~ . ) .  Utiliues could. however. derive revenues frOn 
external sourus such as umsfcn from the p e d  hmd. the improper use of connection fct 
receipts. ex. In some SUES. a ponion of water uliliry revenue requirements (debt service) UI 
somecxes met via propny m c s .  B e c a w  exlernal revenues cm signiqcantly lower the we: 
COnXrving price sipnal Irmsmiaed io customen through water price. guidcllxs l iai l inp exUrn2! 
s o m e s  of revenuc r- preuncd  in Chapter 4 (sources of revenues criterion). 

.. 
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Communlcatlon Communication of nte information and water YY on the water bill is 
also I very impoml izruc. If the customen arc informed about the price of w a w  and how 
much they have uwd. they M more l h l y  to =pond to the pricing signal and YY the NOUTCC 
efficiently. On the other hand, if the uriliry has no1 communicated the me SVUCNSC and water 
uw 10 is customers in a limely manner. water contervation may not be maximized. Chapter 5 
provides the water c o m a t i o n  guidelines hsaciated with the rate svuc rue  and w a w  uw 
communication criterion. 

-7) > ,, 

O b J s U v a  of Wakr Ram 

Selection of rate s m c m  form, cost allocation basis. and rate revenue level are the L!S% 
primary decisions that a uriliry has Lo make when developing water, nm. Each can have 
signifcant ramifications from the penpective of the uriliry and irr cusmrncrs. As a meMs of 
comparing different alternatives. i t  is imporlant to keep in mind the principal objecuves of water 
rate development as ljsted below: - 

1. Revenue SufUdency: Rates are set so thal a uriliry recovcrs the cosu incurred in 
providing water service. This includes ongoing opemtion and maintenance 
expenses. capital cosu, as well as the coss nccesury to comply wirh rhe Dist+ct's 
permit conditions (i.e.. required per capita reductionr. improved water UTC 
c l d l c a t i o n  accounting systems IO meet reponing requiremenu. reductions in 
unaccouned for waer .  and investigation ofreuse and desalination as appropriate). 
Because prices must be set in advance of actual ccsts and actual water usagr. an 
element of unccnainly in revenue sufficiency a r k s  as fume  coss and waEr LLY 
are not known exactly. Any nte s u u c w e  can be wt so ar u, achieve h e  
r q u i t d  rate revenue level for revenue sufficiency if both cosu and water use ar: 
known. However. differen1 nte smcoycs vary in their abiliry 10 be reventc 
sufi:ient when assumed conditions change. Wearher and economic activiry 2- 
examples of f a c p s  that can dramatically affect w a e r  use lev& and conrquendy 
revenue sufficiency. 

- 

2. Revenur Stzbillty: A companion objective 10 revenue sufficiency L revenue 
stabiliry. The form of the r a e  suucmre delemines how stable revenues will ke 
with mpect to water uw. and thus with respect ID changes in weather. priice. and 
economic activiry which affect water use. A flat monlhly rued charge obviouly 
provides for the most stable revenue svcam. For example. under such a rate 
s m c m e .  very we1 or very dry conditions (alrhouzh impacring water use) WiU 

have no impact on revenues. Such ntes. of COUTY. do no1 encoujage conservation 
and are not quitable in that rho= who use mall amounu of water subsidizc those 
who use lxge amounu of water. Converwly. seasonal nm (ntes  employing a 
rel3tively smdl  fued monrhly charge togelher wirh both off-peak-period and p2:- 

. .  
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perioj quantiry charge)  with the puk-period qwtiry  charge rignificanily 

revenue s u e m .  For example. an unusually wet peak season can result in t 
signifrcanl reduction in WaKT w. and thus a significant &crease in revcnua. 
~ k m a t i v e l y .  an unusually dry peak seasan (wihout atcompanying w a m  IX 

resniction) can muit in both inc-d waur LLU and revenr;es. Seasonal rates. 
however. arc b e a r  a1 encouraging convrvation and arc more cquiuble in thx 
they not only recover cos1 in proponion to uy, but also in accordance 10 when the 

uceeding rhe off-pealr-period quMtiy charge can invoduce uncuuinry in the 

uy occurs (peak or o f f - p k ) .  

3. Economlc EITdency: Water price h a  an impact on the economic efficiency w i ~ b  
which customers LLU warn. Rice relays the wmiry value of wakr  IO that water 
consumption is encouraged when bencfils exceed cosls and divolliaged whcn 
cosls exceed bcnefils. While the raK revenue level has same influence on ilk. 
it is primimarily r a u  :'~uclun form and cost allocation basis which creak incentives 
for customem uc more C i  l c r ~  water. or ID uy water more sparingly in scijc 
periods thm in others. Carefully desipned incentives cili alter loa3 p x u m  in a 
way that si:nif~cantij nduccs the cost of supplyir:: wzli':. 

Equity: With respe~l lo water nks. equity is deilncd as cost-of-&?nice equiry. 
Achieving cost-of-rervice q u i r y  requires the development of nws  which are cost- 
camtive.  Thlt is. equity is maximized when each cwomer ' s  wawr bill equss.  
1s closely as possible. the cost borne by the purveyor in providing th31 ~ n ~ c e .  
The principal is nondiscrimlnating in that il only considers the customer's wrter 
lly characteristics (ofun mekr size and water consumption) in calculatin: wawr 
b U .  This objective is determined by rate s w c u u e  form and cost allocation bxis .  
Proponional shuiig of cosls among customen is unaffected by *e. r3c revenu: 
IeveL 

4. 

5. A c ~ e ? t a n ~ :  11 is impomi  b a t  WZKI ram are re2dily uCcrsto9d and tccept?.: 
by waur customers. Alhouph the nu revenue level h a  some impact on L%S. 
cxpericncc shows that i r i s  principally rak swcrurc form and cost docrt ion tx i s  
which c a u y  cusumers io conclude whether or not nu are fair and quiublc.  or 
thu Ihe way in which UIey an be billed is or is not compret.ensib!c. 

Rau smcnue form and cost sllocation b a i s  are the primary factors in four out of the five 
w a w  rate objectives. Only revenue sufficiency is accomplirhcd p h y i l y  through c h m g s  il 
the rate revenue level. The other four objectivcs arc imponant Lo virtually all water utilities. YCI 
changes in raE s w c m  to accomplish t hex  en& M rarely contemplated. P a w  swc tu i r  fom. 
and cost allocation basis are powerf~l  manzremcnt mls. ofvn ignored in the increst 0: 
conlinuiry and a r2isuken 1~5ance on the i m p o m c e  of preccdcnL 

~ 
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As is obvious from the above discussion of nte objectives. thew objeciivcs arc oftcn 
hould 

ICs. 

conflicdng. Bllhoueh fhc reader s 
keeo in mind 
This docs not mean that we f a 1  that the objtctivc Of revenue stabiliry, for example, is not 
imponant. It is imponant. Howcvcr. Wnwwation-promoting ntts CM bc implcmcnted together 
with the cstablishment of a reserve fund and the proper lcvcl of worfing capital so that thc risk 
of rcvcnuc insufficiency is minimized cvcn for wasonal ntcs  with Iargc price differences 
bctween m n s .  

.-. 
-. . .  3 ;  

WC V 

studv is to defincconwrvation-oromotine n 

Conrenation-Romoting Rata 

One additional objecnvc of watcr ntes  is thc promotion of water wnscrvation. Not 
cvcryonc, however, has thc m e  dcfinition of water conwrvation. Since thc term first bcczmc 
widely urcd more than a dertdc ago, the title "water conservation" has bcen applied to activities 
as divcrse as building duns. cloud d i n g .  xcnscapc landscapin:, retrofitting homcs with w21c:- 
cfficienl toilcts and showcrhcads. and even advice on 100th brushing habits. To undcrstrnd the 
concept of watcr conserving nte smcturcs, it is nmssky to clarify the meaning of uaie: 
conwrv2tion. 

Onc widely u r d  definition was adoped by wvcnl Federal egcncies in the 12ic 1910's 
(Bzumann, 1981). It simply slam that water conwrvation is brought about when (1) a reductio?. 
in the uw or loss of wae r  occurs, and (2) the reduction must be, on balance. beneficial. Fo; 
2 reduction to be bcneficial rquires  that bencfirr (which may accrue 10 customers, the utilit), 
or the community 2s 2 wholc) must ouweiph the costs (which include loss of us: and 
incon\wIicncc). This is synonymous with the sonomic efficiency objective. A reduciion in 
water use which is not bencficial fails the lesi b m u w  it is inconsistent with the principal of 
conservation of all scarce resources. 

Defii t ion of Cons?rvaiion-Prosolig Rata. Changcs in ntc smcture form, provitcr: 
they are not accomplished by increavs in thc ntc rcvcnuc level (total revmuc derived from use: 
charges), havc thc virne of avoiding the possibiliry of nonbcncficid changes in u.atcr use. 111 
this situation, the total amount paid by all customers does not change if their watcr usc p211cx-i 
do not chanzc. If  somc customers reduce UY as a rcsult of incentives provided in the rate 
Structure. i t  is bccauw i t  is beneficial for them to do so. In comparison. the water ntcs 
resulting from the mere doubling of thc prior rate recycnuc level does not constitutc 2 
conservation-promoting cvcnl. Although water UY will very likcly dccrcasc. rhe total amount 
recovered from all customers will very likely increase. 

Thcrcfore. a consemation-promoting n t e  smcmre is one which results in a nct reduction 
Of w21er UY solely due to the economic incentives conlaincd thcrcin. whcn compued to other 
Tale structuic dlcmativcs. Such 2 ntc smcturc c m  only benefit water uwrs tAcn 2s a uiiolr. 

.. 

J 
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1-6 , 
The utility should t a  indifferent 10 LhA reallocation. provided h a t  i l  c o n h u e s  10 set its revenue I 
requirements in the same way. To deurmine whether a cowmation-promoting ralrs ax in 
cffcct a Y L  of subjective criKria musl be esublished. The criuria YIcclrd 10 d e f i x  
conwmation-promoting nlcs are prcwnud in h e  next section. 

Dcrcripiion I 
- 

Typs of TU IYYC~WL ( i . ~  uniform quantity cturpe. b:liniq blmt 
quylli1y EblfgC. I I s a P l l  [ I Y Y I t i I Y  cha:l). 

Tbc pnim af Lbe DCI r c e n ~ e  r C q u U c s m s  Illaf3Le.4 ID f i e  rsiid y13 
YYiabIc cmqnncorc of Ux mLc IYYYCLYIC 1e.p.. y n i c c  cblrgc 1 qumtizy 
cbugc). Nu xvmm rcguircmm we tbe op~ation rod munlrourc - 
C X ~ C ~ Y I  yld q i U l  cow w be i r o v r c d  fmm ~ C I .  

Tbc pnim of tbc Y)yI  rwmue rcquircmcnv rccoreCd from m u  8s 
compared 10 mbm swc= of ICYL~YL (c.g.. IY rccsiplr m-m Ices. 

Co-dc~tion ID Lbe CLYW- Ibouc Lhe NS aM Lhelr w a n  UY. 

) 

yld impact f e r ) .  

Cribria  

Four criuria were selccud 10 define COnseivauon-promoting rates b m d  on our raw 
development and waur conwrvation experience. Thew fow criteria u e  lisud in the followine 
table. 

Table 1-1 Criteria for Conunation.Promoting Rates i. 
i 
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fact that the utility is r q u u d  by a prior aDramenr to bill in a different manner or less 
frequently. 

. .  

Chapter 6 provides a summary Of dl the criteria and the as%iaLd guidelines that wili 
be used to dcterminc if a utility's rates arc conservation promoting under a GolNo G o  form2l. 
That is, the guidelines arc cithcr satisfied Or they are not. Initially we recommend th21 only 
thow guidelines which are the most effective in promoting watcr conwrvation necd to be 
satisfied in order for rata lo be defined If conservation promoting. However, within 2 ycus  
all of the guidelines nced to be stisfied. For uamplc. a utility may have what we have defined 
as a water conservation-promoting rate SVUCNrc form (Critcrion I) ,  but if an insignificant 
portion of the WID are a l l w r c d  to. and thus rsovered from the variable chargc (Criterion 2). 
there will be little or no conservation. 'Iherefore, the guidclines for Critcrion 1 and 2 would 
initially have to be satisfied for the rates to be defined as conservation promoting. The 
guidciincs which should initially be sausficd under this GoINo G o  formal we identificd iii 
Chaptcr 6. 

- 

Chaptcr 7 provides a weighting syslcm for the criteria and guidelines which can be usrd 
2s an alternative to the GolNo G o  form21 summaizcd in Chapter 6. The weighting systcm is 
subjective, but as diwuswd in Chapter 7 a weighting system may provide a better indication 2s 

j 
~ 

to whether a rate smclure is conservation promoting under cenain conditions. Whether the 
GolNo Go formal or the Weighting system is used. cenain data must be obiained in order I@ 
dctcrminc if the criteria arc being met. A questionnaire is prcscnted in Appendix A to identiiy 
the necessary data to bc collected from the utilitics. j ,  

For each of thc critcria, guidelines are du, presented for wwcr utilities to acl;nowledfe 
the rclationship b e w e n  watcr UY (indwr uu) and u'astewater diwhwge. However. thr 
determination of whether a water utilitv's rate structure is conservation Dromo:in: will not bi 
dcoendent on the e u i d w s  for se wcr uul tiles. 

I . . .  
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RATE STRUCTURE FORM-CRlTXRION 1 

The form of the rate smcNIc  is an imponant parameter in cslablishing wawr conserving 
raws. A ne SVUCIUIE consiss of two general componens: a fued wrvice charge and a quantiry 
charge. The rued charge is coUecwd each billing period and does not depend on the amount of 
water w d .  Typically. the rued  charge varies with meter size. On the other hand. the quantity 
charge represents the price paid for each unit (e.g.. Ccf or 1,000 gallons) of water consumed. 
If a customer has both an irrigation and domestic or commercial mcur the quantity charge would 
be levied on *e sum of the water me from each mew.  Water utilities generally employ two 
types of quantity charges: uniform or block. There are a number of variations of thew two types 
of quantity charges. This chapter describes the guidelines rclawd to both water and c w c r  
quantity chuges. The level of the fued charge is covered in Chapter 3. 

Water Utility Guidelines 

The frst guideline prohibiu declining block WJBI rates. Declining block r3cs  cmsc 1 

cusiomer to pay a lower waur  price with increasing blccks (increments) of wawr uy during 2 

given billing period. Almatively.  water agencies must employ either uniform or increasing 
block raws. Uniform rates consist of a single price (Y1.000 gallons) appliFd to all users for all 
waur use. Uniform rates can be seasonal. Increasing block raws have I h e  effect of chveing 
higher prices for higher blocks of water uy. 

n e  usual rrtionale for declining block n u  is that large commercial and indusuid walsr 
users usually have favonble load-factors (the ratio of peak w to averaee UY is low relarive to 
other customer c lmes )  and hence should be charged less. The use of declining block rates are 
one me= of accomplishing lhis objective. A major diradvanwge of declining block nlc, 
however. is that they perform poorly in sending a price signal that encourages customers 10 use 
waur efficimuy. Another disadvanrapc is that some large customers may have a strong w m n l l  
u'ater UY pattern (large ntio of ped to average ux ) .  and  t he re fo~ .  do not deserve a lower p r ix .  
If customer r2w equity (as determined by a customer's convibution 10 use during the pez 
period) is a major tonctrn IO a water utility. a uniform quantity chugc which vai?cs by semm 
would be superior in addrcssing lhis concern. It would not only provide a morc equiublc m e w  
of providing mlr xhef ID large nonseasond customers, but would aly, provide a belter price 
signd to encounge walrr conservation. 

Inclinin: blcck raws have become more populx in recenr ycvs  and are commonly 
promoEd af wawr conserving RLC structures. With inclining block raws. h e  issues nced to be 
addrcsrd for e x h  CIS of customen: the number of blocks. b e  size of blccks, and the price of 
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each block. Unformnaoly. there u Oflen link objective barcs for making thew dccisionr. 
Moreover. w a w  is used by a divcrsiry Of Customers for a diversity of uses which change over 
h e .  Thir grcally complicam identifying homogeneous block raw classes (especially 
norreridenlid customers) or establirhing blocks bavd on hismrical usage. As a resuls b k : :  
raws are somewhat arbivsry and could be subject to challenge. From a pricing s'andpoint. 
inclining block raws penalizc customers for Using a unit of waler in a higher block. but they dc 
not correspondingly reward cusmrncn in lower blocks for saving a unit of waler. For example. 
a reduction of one unit of w a w  usc in the second block may save f3.  while a customer saving 
a unit in the first block may save only SI. For these reasons. inclining block rates may not 
neccsarily be superior IO uniform ram. but ~ I C  acceptable under lhis guideline. 

' 

The wcond guideline rrquins seasonal r a m  for u es with highly seasonal waler uc 
unless they meet the Disuict's water u w  reduction rqu i r emcns  via inclining block rates oi 
nonseasonal uniform r a n .  However. if average daily w a w  protuction in the p:& wason 
exceeds that in the off-pe& season by more than 50 percens a seasonal quantity charge should 
be a d o p d .  The pc& season is defined as the four conrinuous months c'ih Ihe hgcs l  Wac1 
production levels b:xd on ~ h t  lart 3 y e m  of water use records. ?Ire o f f - p d  r l ' o n  includks 
the remairing 8 calcndar mon$s of h e  year. The differential in water price bctwccTI the IwC 
seasons shdl be bawd on s m d x d  pnctices aniculated in (AWWA Water Raws Manual. 1991). 
If meter recording for billing p q o w s  is curnnrly compleled at l ime inwn*als greacr than Once 
every two months (e.g. q u z r l y ) .  wasonal rates do not have to be implemented initially. 
However. within 2 years the utilities arc required to implemen~monlhly or bimonthly biiling (re: 
Chapter 5 )  and thus seasonal r2tes would have to be implemented at Ihal time. 

The superion? of seasonal quintily charges over nonwaronal uni'orm or inclining block 
quantity charzcs stems trom that fact that most water agencies incur a sipnficmrly higher cost 
in supp!ying a unit of water during the peak season. This I ~ S U ~ K  from the fact tha! \\,hen u'eter 
demands are disrincrly seasonal +e water syslem fac es hevc to be s i z d  to mcc! his  red: 
s e z o n d  demand. As e resulk COSK releled to facility size (capital COSK such zs debt service m 
cerwin si= related cpcmion ar.d mainlenancc crpenws such as m3inlcnance an4 replaccme 
expenses or dcpreciadon) can be rraced direcrly to thc need to have pee sewn capxiry. L- 
should be recovercd in the pz'& season quvltity charge. However. during the Off-p1& ~ Y o r : ,  
a ponion of the capxiry dicuted by and provided for pe& wason use is urcd and h u s  a ponicn 
of thew capaciry (sh) related COSK could be included in the off-pe& season quantiry charge. 
The variable cosK (power. chemicals and purchased waur. if appropriate) would bc recovered 
throughout h e  year and thus included in both the off-peak and peak season quantity charges. 
Bccauw lhe c2paciry related COSK to meet peak demand are u s u d y  highu thvl h e  capacity 
relzud COSK to meet average or off.pe?k demmd. the unit cost of waler (the quantity charge) h 
h e  Fak x s o n  is usu3lly highcr than h e  unit cost in the off-pes wason. As a conwqucncc. 
CUStOmCrS WiU pay a lower quantiry charzc during the defrned 8 month off-peak period 2nd 2 
hizher quantity chuge d w b g  the defined 4 month pe& period. 

, 
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h an example of the possible impact of such a rau s l ~ c t u r c .  consider the case of 
alumative cost-of-semi- based nu SIruCtules reccnuy developed by Brown and Caldwell. Two 
quvrtiry charge nes s m c t u c  alurnatives were developed ( h e  fucd monrhly service charges 
w e n  the m e  under both alurnatives). One alurnative was a nonuasanal uniform quantity 
charge of 50.38/Ccf. The second alumative was an off-peak season quantity of S0.2UCcf 
combined wilh a peak se&son quantity chvgc ofS0.4UCcf. Consider the impact oflhis seasonal 
rau sIructm on IJlree residential CuSlomcK: (1) lhc average customer who uses 10 Ccffmonth 
during the 8-month off-peak seaon and 26 Ccffmonth during the &month peak season: (2) the 
customer who uses 12 CcUmonth during l he  8-month off-peak season and 36 Ccffmonth during 
the 4-month peak scason; and (3) the customer who uses 12 CcUmonlh dunng the 8-month off- 
peak season and 48 Ccffmonth during the 4-monh peak season. The impacts are summxiired 
in Table 2-1. 

As shown in h i s  table the average residential customer (whose peak s e a o n  monthly use 
is 2.6 rimes off-peal; %ason monlhly use) actually receives an 1.8 percent reduction in the 
quantity chvge ponion of the bill under the seasonal r ae  S m c m  alurnauve. Tne annual cos. 
of WaKr Itmains the same for the high pea.? season user (peak use is 3 rimes Off-perk use) m d  
increases by 3.5 percent for the very high peak season user (peak w is 4 rimes off-peak u c ) .  
The n u s  were designed to be revenue ncuiial over all w r s  giving considention to use 
reductions during h e  pe& period rcsulting from h e  p i ce  i n c h u s  associaud w i h  the seuon3.l 
r a e  smcture dumative. 

hi011 nonrcasonal users would pay less under lhe above seasonal r a u  altemativc. 
Charging customen the seasonal unit cos1 will likely promou water conservation. 

The implemcnution of seasonal n u s  u.iU mean that the water bill will significantlj 
increase duiing the pee sexon  (Fcbmxy lhrough May for most ulihties) m d  d e c r e x  dum: 
the off-pea.. Yason. If seasonal raus  are adopted. his should be communicaed 10 the utilily's 
customers. In addition. the ulihly will have to adjust its working capital requiremenu i~ 
correspond to the changes in cash flow resulting from the adoption of seasonal n u s  and mzy 
haw IO csWblish a resere  fend in order to be prepmd for unanticipaled fluciunrions in we; 
use. 

Obviously. lhe design of both inclinine block m u s  and seasonal nus require thc 
definition of block IJlresholds and block me levels (in the CLY of inclining block raws) and 
seasonrl prices (in the case of wason3.l raus). we will elaborate on in Chapur 7. block r3us 
W i l l  differ ljlrle from nonseasonal uniiorm r a w  if the fmt block rhieshold is set so high such 
that W V  few culomcrs and thus. very liirle waur use is assessed the higher price in the second 
block. For cxmplc. if the avenge monthly single-fmily u 'aur uy in a community is I O  unili 
@e..  1.000 grllOriSl and the block rhieshold for the second (next) block is defined zz 50 uniu. 
very lilllc single-fmily customer water use will be assessed the wcond block price. As a 
consequence. even il the price incIta% beiween block. is luge.  the impact on use u,ill k s m i l .  

D-N-jh.sa~,>?w-.m 
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similarly, if the price lcvel of rhe WCMd block is only slightly higher than that of the first 
block. regardless of the block size. thcre Will be little impact on water uy. For cxample. if in 

same communiry as siicd in the abovc Cxample. the block lhreshold is cstablishcd at 10 unitr 
(rather than 50 unirs). buk thc price increw between blocks is only 5 pcrccnt (say Sl/unit in the 
f a t  block and fl.OS/uniI i n  the second block) thc impact on use will be negligible. Ar a 
consequence. we offer the following guidelines with respect 10 designing inclining block and 
searonal rates: 

-. 
.-. ! 

Inclining Block Rates: 

1. There should be diffcrent block Ihsholds for each customer clarsilication (single- 
family residential. commcrcial. indusuial. irrigation. elc.) 

2. The I h s h o l d  between the first and second blocks for a given cuslomer 
clarsilication should tx equal 10 or less than 125 percent of the average waKr 
usage for that cusmmer classilication. Although inclining block raics can te 
comprised of more than nvo block (although it is m l y  necessary). guidelines an 
established bawd on o d y  the fmt two block. 

The size of the second block shoufd be 21 least equal to the size of the f u s r  block. 

The p i c e  of the second block should bc 21 Jeast 125 percent of the price of the 
first block. 

3. 

4. - 

Seasonal Rates: 

1. T h e  wasonli raws (quantity charges) should be applied during Lhe 4-month period 
of highesl water use (for the u a r y  as a whole). 

The price of water during thc peak r e s o n  should be at least 125 percent of the 
price of thc price of water during the off-pe& Yason. 

2. 

A variation of Ihc mort uaditional inclining block n t e  smcture is an inclining blcxk rate 
svucrure in which the second block is only levied on water ux during the pea water use Yrson. 
This rypc of nte smcm is rypichlly called a seasonal surcharge rate sWcNre and is usudl) 
a s s e e d  on samc percent of water UY over avenge UY. This type of s m c m  is merely an 
inclining block s ~ c t u r e  applied only during the pe&k season. As with the more mditional 
inclinino block rate smcms.  a defnition of block Ihresholds znd block rate levels is required. 
The guidelines for the dcvclopment of a sersonal surchuge ratc snvcture would include both thhc 
guidelines for inclining block rates and sersonli n t s  ar presented above. This includes L3e 
requirement that the block threshold beween blocks bc cqual to or lers thrn 125 pcrccnt of the 
avenge use for Lhe customer clrssification rather thm equal to or lets than 125 percent of the 
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average IVY for individual CusIOmeIs. l?!A will prevent IVYrs with high average IVY (who may 
wasu water year-round) from having a SignSCant podon of their peak season usc escaping the 
surcharge. 

1 

Seasonal Water Use 

In the Southwest Ronda Water Management District service area, it is clear that peak 
usage o c c m  in May. An analysis of toral pumpage data for the District indicaws that there is 
a large peak in wage in May. which is clearly weather relaud (because it corresponds to a peak 
in net irrigation qu i r emenu) .  In addition. there is a minor peak (clearly less than the major 
peak in May) in October. This minor peak alro cornsponds LO an increaw in net irrigation 
requiremenu. Ac; a conwqucnce. this minor peak is also. at least panially. a result of weather 
conditions. In some service mas, it is our undersmding that there is a large influx of pan-rime 
residenu in the late Id and early winter ("snowbirds"). These p m - h e  residenu may also 
conuibuu LO the minor peak. Ar a consequence, in order to cquilably recover the cost of service 
form these p a n - h e  residenu. water utilities with population increases during the late falYearly 
winlcr of 20 percent or more may employee seasonal RES during rhis peak or during b o b  the 
fall and spring peaks. A derailed discussion of wvonal fluctuations in gross water pumpxe is 
presenud in Appendix D. 

Sewer Utility Guidelines 

The guideline regarding sewer ratc S ~ ~ I C I U I C  form requires the quantily chvge to be 
uniform. This uniform r a u  can vary by cuitomer clav becauw of diffcrences in the gudily of 
h e  diwharge. Restauranu. for example, have been found to have much higher biochemicd 
oxygen demand and  suspended solids.loadings per gallon of discharge than resir2cnual customen. 
and hence. should pay a hizher price to reflect the higher cos= Of LIeamenL Funhemox. since 
wvIewaur discharge is not as seasonal as u'aur uy, L.e need for block or seasond type 1x5 
is minimal. 

B e c a w  sewr cusmmen rvcly have heir wastew~ter discharge mcurcd, utilities usudly 
baw the wwcr charge on waur IVY. A problem arises. however. as some walcr uses, such = 
irrigation. do not return waur LO the sewer. For customers with signirtcant irrigation. a utiliv 
cur limit the amount of waur arJeszd the sewer charge bawd on what cur revonably be 
expecwd 10 be uscd for indoor purposes. Many utilities limit single f m i l y  customers to around 
10.000 gallonJmonth. Most commercial. indusuial. or institutional customen with Ius 
irrigation requiremenu are often given the opponunity to install irrigation meten whow w3Kr 
use is not =sed  a wwcr charge. 

.. . .  : 1 
. , --.i. . 
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The guidelines cstablishcd v) deurmine whether thc utility's mu smcpuIc form is 
conwrvation promoling. M prrscnud in h e  Tables 2-1 and 2-3. The guidelines for water 
uat ics are prcsenud fmt fouowed by the guidelincs for sewer utilities. 

Under h e  Gonia Go formal d i u u w d  in Chapwr 1. the wawr uriliticr have Lo initidly 
satisfy how guidelines which M h e  mosl effective in promoling waur  conwrvation (unlcs they 
qualify for s u u d  cxcmptions) in order for their water ram (0 be defincd s conservation 
promoting. The guidelines which have lo initially be satisfrcd arc indicaud above. Wilhin 
2 years all of the guidelines for waur urilities will havc LO be satisfied. .The guidelines for the 
sewcr utilitics do, nor have lo be satisfied lor a waer  utility's ralcs to be derrned as water 
conwrvation promoting. 

The wawr utility guidelines prcwnwd above will be summarized in Chapur 6 1D 
deurmine whcbcr a waur  uLility's raws are conwrvauon promoling under h e  four criuria uhen 
measured using h e  GoA'o Go format A weighling sysum is also presented in Chapwr 7 as an 
allcmative LO the Go/No Go fomaL The dam 10 be coUcclcd by the utilities. lo idenriry h e  raw 
SWCNTC form. M speczed in the qutstiomaire in Appendu k 



2-a 

Table 2 2  Water Utility G2idelina 
Rate Structure Form-Criterion 1 
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Table t 2  Water Utility G u i d e b a  2-9 
Rate Structure Form-Criterion 1 (continued) 
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ALLOCATION OF COSTS TO FIXED AM) 
VARIABLE CHARGES-CRITERION 2 

I 

A water utiliry may have in effect a rate SvUCture f o m  which is conservation promoting. 
ar defmed in Chapter 2. but this rate smcture will no1 promote water conwrvation if the cosu 
allccated to and thus recovered from h e  variable charge (e.&. quantiry charge) are insipnificanr 
In this chapter. guidelines are established 10 determine h e  ponion of the costs thar should be 
allocated to and thus movered from the quantity charge component of the rate s m c t m .  Thc 
underlying economic principal.for Ihis criteria is that the price of water should equal Ue m e  cos1 
of supplying water. Guidelines are developed for boh water and uwer utilities to acknowledpe 
the relationship beween water use (indoor use) and wastewater discharge. 

Water UtiliitJ. Guidelines 
- 

These guidelines are based on the results of Brown and Caldwcll'r cost-of-senice b E d  
rate shldies (wc Appendix B) and are intended 10 represent averages for cost-of-urvice b z d  
rate studies in which one of the principal objectives'was to promote thc efficient us? of warer. 
The preponderance of Ihe utilities included in Appendix B. are California ulilitier. They are no! 
included because they we California utilities. but rather becauv onc ofthe? major ralc objectives 
was IO promote conwrvation. 

) 

The r a t s  developed in Brown and Caldwell's cost-of-service b m d  rate studies arc 
designed to meel the rate objectives prewnted in Chapter 1 (i.e.. revenue sufficiency and  subiliiy. 
economic cfficiency. quiry.  and acceplance). Ar pan of Uc cost-of-wrvice brwd rare 
developmenr. h e  costs (revenue requuements) to be recovered from rates M separated into tho= 
which arc water use dependent and Ihow which are independcnt of waFr use. The revmu2 
requiremenu to be recovered from rates are more appropriately termed net revenue requiremenu 
b e c a w  thc revenue: from other sources (e.g.. impact fees. interest income. penalties. 
rum-on/lun-off fees. hwk-up fces. ex.) have been subuacted from the total cosu. Impact fees 
(rometimes called conncction fees. system development fees. capacity fees, eK.) are fees asseswd 
new development 10 recover the cost of providing capacity to wrvc new connections and hwk-up 
fees recover the dircct costs ofconnecring a new customer (e.g.. rhe labor and mamials far mezr  
and service line insrallation). These fces are designed 10 recover the incremental capital costs 
allocable 10 new applicants for urvice. Water rates. on the other hand. ax designed 10 recovcr 
the COS= (both OEM cxpenws and c a p i d  cosu) allocable to exisring customen. 

Cos!-of-urvice water rate shldies rypically allocate the net rcvcnue iquiremenu to be 
recovered from RYS LO the foUowing pxarneers: fuc protection. cusmmer. bast water use. and 

d 



3-2 

peak water uy. Fm protection costs q the capital and O&M cosu directly (hydranu) and 
indirectly (sforage and disvibution system capacity) allocable to fm protection. Customer costs 
include thc capital and O&M cosu associated wirtr billing. meters. and wrvicc liner. Baw and 
peak water LLY cosu include thc capital and O&M cosu s m i a t e d  with providing water during 
avenge and peak periods of demand. The fire protection and customer cos8 M indcpendcnf of 
uy and shou!d be recovered via the fued monUlly (or bimonlhly) ponion of the rater. The 
remaining net revcnue requircmenu should be recovered via the quantity charge ponion of th.: 
r am.  Water r a e  SWCIUT~S which have a fued charge, that includes a minimum amount of w a e r  
(minimum charge). usually result from the fact that cosu that should be recovercd Lom the 
quantity charge have been shifted to the fued charge ponion of the rate s w c m e .  

Sewer Utility Guidelines 

Cost-of-service sewer rSe SNdier rypically allocate the net rcvenue requircmenrs to be 
recovered from r3tes LO the followkg p ~ u n e e r s :  flow. biochemical oxygen d r n m d  (BOD), 
Susp:nd-d sob& (SS), infilL.a50n/innow V). and customer. UI costs 21e the capital md  O&h: 
cosu allocable to III b m d  on iu proponion of the ro&innuFnt to Lhe wzlewater LieaIment 
p lmr  Vi costs y e  usually recovercd over the number of customers or flow depending on the 
customer mix. Customer casu include the capital and O&M cosu associated with billing and 
service lines (laerals). Flow. BOD, and SS costs include the capital and O&M cos& s o c i 3 w d  
with the collection. VeaImenL and disposal of w?stwaer. FQI a sewer utility. the customer cosu 
are indepndent of UY and  should be collected via the rued monlhly (or bimonthly) ponion 01’ 
the rates and  the remaining net revenue requirements should be recovered via thhe quantity charee 
ponion of the rater. UI costs can either be recovered via rhr rued or vviable component of the 
rap smcnue  depending on the homogcnciry of the customers. II thhe CUSlOmCrS are rclativelj 
homogenou then UI cosu can either be recovered via the fued chs-ge or via the quantiry cht-ye. 
II the c u t o m e n  are not hornogeneoos (with respect to the m o u n t  of diwhuze)  UI costs s!.suld 
be recovered via the f s e d  ponion of the ne smcture. 
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The guidelincs esubiisbed Lo decmine  w;.bcth:r the uiilily’s alloczticn of COILS Lo he 
fued and variable chxzes is conwrvation promoring. arc presented in Tables 3-1 and 3-2. ’17~ 
guidelines for water uUt ies are presented rust followed by the guidelines for sewer ulilities. 
Liltline r a w  for qualifying customers (c.g.. low income. elderly, bndlor disabled) would be 
exempl from the guidclines. 

Under rhc GoNo Go format discussed in Chapter 1. the w3ter utilities will imtially have 
IO satisfy thow guidclines which are the most effective in promoting water conwrvation (unless 
they qualify for the sfdud excmpuons) in order for thcu waer raEr ID be defined as conmn,ation 
PromoLing. All of the water uUry guidelines for rhjs cncnon have to initidly be s e f i e d .  Thc 
guidelines for sewcr uiiliucs do not h3ve to b: salirfied for a waEr uiiliry‘s rates to be definsd 
as waler conserntion promotin:. 
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Table ?-1 Water Utility Guldclina 
Macation 01 Costs la Flxed and Variablz Charges-Criterion 2 

G U i U  Discusion 

i 



7 

3-4 

Table >Z Sewer Udlity Guidelines 
a m t i o n  of CorU La F l x d  and Variable Charga--Crikrion 2 
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Utiliticr that have historically recovered a sigdicant ponion of their cosu from Cued ) 
charges. and arc now recovering more from vviable charges. should establish a revenue 
stabilization fund or rescrvc fund. A revenue stabilization fund will provide the rcquircd revenue 
when waur uv is lower than expected. thus allowing the urilitics tn achieve revenue stabiliry 
while ai the rame time having waur  conurvation-promoting rates. 

The water utility guidelines presented above will be summarized in Chapter 6 to determine 
whether Ule water ulilily's rates are conwrvation promoting under the four criteria when 
measured u i n g  the GOMo Go format A weighting system is presented in Chapter 7 as an 
alwrnative io the GOMo Go formal in Chapter 6. The data IO be collected by the utilities. IO 
idcnrily the allwation of cosU 10 the Cued and vatiablc charges. are specilied in the questionnaire 
in Appendix A. 

J 

J 
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SOURCES OF UTILrrY REVENIJES-CRITERION 3 

Whether we arc discussing rate s m c m  form (Chapter 2) or the BUOcadon of costs to 
fixed and vafable chargu (Chapur 3). the underlying economic principal upon which these waier 
conservation nte criteria arc based is that the price of water should.equal the Vue cost of 
supplying the water. Whcther or not the w e  cost of supplying water is conveyed to the customer 
is also dependent on the rate revenue levcl or the ulility’s uy of other sources of revenues. Thal 
is. if the r a t s  which derive lhc uliliry costs are subsidized (by transfers from the gcnerd fund. 
the improper u e  of Mpact fee receipts (IO offset rcvcnues 10 be collected via rates rather thm 
to fund new facilities for expansion]. andlor taxes) they will not provide a uue pricing signal to 
the customer. In this chapter. guidelincs are establishcd to defmc the ponion of Ihc utility 
revenucs that should be rccovcrcd from rats, other dcfcndable fees (e& impact fees. tun-on 
fees. and hook-up fees). and interut income, Ar d i s c w d  in Chapur 3. impact fees are fee: 

- assessed new development 10 recover the cost of providing capacity LO serve new connections and 
hook-up fees ncover the direct cost of connecting a new customer (e&. the labor and materials 
for meter and service line installation). Guidelines arc developed for both water and sewer 
utilities to acknowledge the relationship between water use (indoor use) and wastewaier 
discharge. 

The guidelines are based on a review of the budgets and fmancial statemenu for ulilities 
for which Brown and Caldwell has conducted nu  studies (see Appendh C) and are intended to 
represent industry averages. The sou~ces of revenue were categorized as operating 0: 
nonoperating revenues. Operating revenues are thc revenues from rates. impact fees. other fees. 
and miscellaneous openling revenue as specifred in the financial staements. Nonoperatin. 
revenues M interest earnings. tax&. msfe r s  from other funds. and other miuellaneou.: 
nonoperating nvenues. Assuming that the operating revenuu recover the cosu w o c i a u d  with 
providino the respective scrvicu (e&. rates--cristing services. impact fees-exparuion facilitie;. 
and other fees-urn-on services and connection wrvices) thcn thc n v e n u u  from these source: 
are conristent with the m e  cosu of supplying water. Using the interest earned on the opentin: 
revcnucs andlor reyrvcs provided by thc openring revenues. to offvt the cost of providino lhcre 
serviccs. is also consistent with the me cost of supplying water. In contrast. uriliues with rates 
that reflect the subddm provided by taxcs and transfers from olher funds (e.& general fund) 
arc not providing the uue pricing signal to thcir customen. 

The guidelines established to determine whcthcr a uulity’s sources of revenues arc 
consistent with thc mc cost of supplying waur or providing wastwater sewice. and  thus 
COnServauOn promoting. are prcwnltd in the following tables. The guidelines for waur  UUliUeS 
are prcwnted rust followcd by the guidelines for sewer uulities. 
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Table 4-2 Sewer Utility Guidetines 
Sources of Utility Revenuer-Criterion 3 
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Under rhe G o M o  Go formu diwurvd in Chapter 1. the water utilities have LO initially 
sarisry tho= guidelines which M the most effective in promoring water conservation (unlcss they 
qualify for stated exemptions) in order for their water rates to be d e f i e d  a conselvation 
promoting. As shown in rhe tables. none of the guidelines for sources of utility revenues have 
to be rarirfied initially, but wirhin 2 years all of Ihe guidelines for water utilities w 9  have 10 be 
satisfied. The guidelines for Ihe sewer urilitier do not have lo be satisfied for a water utiliry's 
rates lo be defied ar water commation promoring. 

Utilities that have historically received subsidim should correct rhis procedure by 
incorporatine the cost3 that have maditionally k n  funded from subsidies into the COSU to be 
recovercd from rates and other charges. 

The water utiliry guidelines presented above will be surnmariztd in Chapter 6 ID 
determine whether the water uliliry's rates M convlvation promoring under the four criteria 
when meartred using the Gdh'o Go formar A weighring system is also presented in Chapter 7 
as an alternative to the GOMo Go format The data to be collected by the utilities for identifyin. 
the sources of revenue are spcificd in the questionnaiie in AppendiaA. 

, 
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WATER RATE Ah?) WATER USE COhfhIUNICAlTON--CRITERION 4 

Waur consemation will be maximized if a utility har a rate svucturc wbich is consistent 
with the undcrlying economic principal that the pr iu  of warn cquals thc vuc casu of supplying 
water (satisfying Criterion 1 through 3) and thc utility has communicated rhis r a u  to iu 
customers. In othcr words. if the customen M informed about the price of water and how much 
thcy have uscd they arc more Ucly  10 rcrpond 10 the pricing signa and usc thc reylurcC 
efficiently. On the othcr hand. if thc utility has not communicated the raw and warn  use to iu 
customcrs. wawr conservation may not be maximized. In lhis chapter. guidclines arc established 
for thc uliliry's communication of the r a t a  and water usc to its c u m m e n .  Guidelincs are 
developed for both waur and sewer utiliucs 10 acknowlcdgc the rclationship between water usc 
(indoor uw) and wastewater diwharzc. 

. 

Thc guidelines establishcd m-dcterminc if a utility is effectivcly communicating lhc r a t a  
to iu c u m m e n  arc presented in the following tables. Thew guidelines are bavd on our raK 
development and wawr conwmation experience. 'Ihc guidelines for wae r  utiliues M prrsenwd 
Tmt foUowed by thc guidelines for Sewer ulillties. 

1 Under the GaMo Go formal discussed in ChapKr 1, the water uliliues wili initidly have 
to satisfy those guidelines which are the most cffcctive in promoting wawr conrrvauon (unless 
they qualiry for smcd excmptions) for their wawr rater to be def i ed  as comervation prornotinp. 
The guidelines which havc to initially be satisficd M identified in Table 5-1. W i t i n  2 years 
all of the guidelines for wawr ulilities will havc IO be satisfied. The guidclines for sewer utiliues 
do not have to be salisfied for a wawr ulility's raws to be def i ed  as wawr conservauon 
promoh:. 

. 

The waur utility guidelines presented above will be summarizd in Chapter 6 D 
dewmine whethcr the water utiliry's ram M conservation promoting under Lhc four CriKrit 
when measmd using thc G m o  Go formar A weighring system is prcsenud in ChapKI 7 ar 
an alternative LO the Galho Go formar The dara to be collected by the ulilitics. for dcurmininy 
whether or not thc utility is communicating the r a t a  and water uw to iu customers. arc specified 
in the questionnairc in Appendix A 

, 
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Table 5.1 Water Udllty Culdellna 
Water Rate and Water Uw CommunJcation--Criterlon 4 
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Table 5-2 Sewer Urility CvldeUner 
Sever b t e  and Water Use Communletion-Criterion 4 



CHAPTER 6 

S U h i n U R Y  OF CRITERU-GO!NO GO F O R V A T  

The four c r i a  and a s G i a u d  guidelines used to dcrme conservation promoting raw 
SLNCNT~S wcrc presenud in Chapen  2 through 5 .  Thew criuria wcre selccud b u d  on our rale 
development and waur  conservation experiencc and M Lisled in rhe following iable. 

Table 6-1 Criteria lor Conservation-Promoting Rates 

In Chapurs 2 Wough 5 .  specific guidelines wcre devcloped for each o i  these cricn?. 
The guidelines were used to derme rhe conservation promoring components for each criUri3. 
Initially we recommend h i  only hose  guidelines which arc rhc most effective in promor:: 
waur  consem3tion necd to te satisfied in order for he n e s  10 be dermcd as consen2UGr: 
promoring. However. wirhin 2 yean all of rhc guid-lines need 10 te satisfied. Under rhic form:: 
zll h e  guidelines must be satisfied by h e  utiliry. For examplc. a urilily m2y h3ve wh3l we h a w  
defined as a waer conservation promorinp r a e  SLNCIUTC form (Criurion 1). but if an insignlfic2n: 
ponion of rhc cosu KC zllocaud and rhus recovercd from rhc variablc chugc  (Criurion 2). her2 
will be litdc or no comrvation. Thcrefon. rhc guidelines for Criurion 1 and 2 would iniua1b 
havc 10 be salisficd for rhc r a u  suuciure to be defined ac conservation promoting. 

. . ~  

Chapur 7 provider a weighting syslem for rhc criuria and guidelines which can bs uSSC 
as an altcrn2tive 10 rhc G o K o  Go format summuizrd in this chapur. The weishung ryscm iS 
subjective. but as dissussed in Chapur 7 a wcighun; sysum may. under cenain condiuons. 
provide a bemr indicztion as to %heher rzus are w a t r  consemation promoting. 

,- 
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For each of the criuri& guidelines arc also prcwnud for sewer utilities 10 acknowledg, 
the relatiomhip beween water LLV (indoor uw) and wasowater discharge. However. thL 
determination of whether a waur UrilitY’S nus are conwrvauon promoting will no1 be dependec: 
on the guidelines for sewer utilities. 

The following tables summaize the guidelines presented in Chapters 2 through 5 for 
waor and s e w u  urilities. rcspectivcly. The guidelines ha1 have to initially be satisfied for the 
waor utility’s raws lo be classified as conwrvation promoting are idenliried. A questionnwe 
is presented in Appendix A 10 idenrify the necessary data to be collected from thc utilities. 

Under ~s GoNo Go formaI. the WLLU utilities have Lo initially satisfy h e  five guidelines 
(IA 1B. 2A. 2B. 4A) which M the most effective in promoling water conwrvation (unless rhey 
qualify for stated excmptionr) in order for rheu water ntes IO be dermed as conwrvatioil 
p:omoting. Within 2 years al l  of the guidelines for b e  water urilities wiU have 10 be saUSfiCd 
(unless they qualify for stared exemptions). The guidelines for the sewer utilities do no1 have 
io be satisfied for a water utiliiy’s rates Lo be defined as water consewation promotin:. 

J 
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Table 6.2 Water Ulilily Guidelines 
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Table 6 2  Water UISly Gujdelina (conenued) 6-4 
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Table 6-2 Water Utility Guidelines (continued) 6-5 
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WEIGHTIX'G SYSTEhl FOR CRITFRY. 

The previous chapter (Chapter 6) summarizes the guidelines developed in Chapters 2 
&rough 5. As specified in Chapter 6. the utilities have to initially satisfy those guidelines which 
are the most effective in promoling water conserv3tion (unless they qurlify for the s u e d  
exemptions) and witAin 2 years satisfy all the guidelines. That is. the puidelines are prewnted 
in a GNNo Go fomaL The shon coming of this GoMo Go format is that a water utility may 
satisfy 3 of the 4 criteria (by a wide margin in the cases of Criterion 1 and 2) but still not have 
rates that are defmed as a w a u  conservation promoting because of not meeting one of the 
criterion. 

For example. a urilily may meet the two relatively qualiutive criteria (Criterion 1 and 4) 
and recover 100 percent of Ihc  utilities toul revenue requirements via rates (as compared LO Wc 
75 percent requirement set fo rb  in Criterion 3). but only recover 70 percent of the net revenuc 
requirements via the quantity charge (as comparFd to the 75  percent required by Crilerion 2). 
Clearly this utility (which fails via the requirement that all four crieiia be satisfied) actulliy 
collecu more of its toml annual revenue requirements via the quantity charpe (70 percent 
[LO x 0.701) than does the utility which p a w s  all four criteria (56.2 percent [0.75 x 0.751). In 
an attempt 10 avoid thrse types of anomalies. we have also developed a weighting system for 
determining uhether or not a urility has adopted a water conservation promoting r3te sructure. 
This weightin: system can be used by the Disuict as an alternative to the GoA'o Go system 
summarized in Chapter 6. 

JVeighti'ng System 
. .  

In order to develop a weighting system. it is fust necessary to esublish a rank (vk 
weighting f3cior) for each of the four criirria The= weighting factors are prewnted in the ubl: 
Mow.  
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Table 7.1 Weightin: Factors 

Obviously h e  weighting factors shown above subjective. This is h e  way Brown and 
CaldweU weights Ihe four cr iur ia  OIheK might weight Ihew criuria differenrly. 

Having established overall wcighting factors for each of the four criuria it b necesseq 
10 devclop a scoring sysum for each criuria Tne scoring SySKm is prewnKd in Ihe foUowi3.2 - 
sections. 

Fate Structure Form (Criterion 1). For Ihe reasons indicatrd in ChapKr 2. s e 3 S O n l i  
quantity chary8 are Ihe most equiuble and efficient in recovering the cost of Service and in 
promoting conservation for service areas that exhibit seasonxi UY. In our weighting syslrm (S": 

Table 7-2). h e  seasonal rate quantiiy charge received a higher score ban eiIher h e  nonsrvonli  
uniform quantity chuge or the inclining block quantity charge. the peak-scaron charge must 
exceed Ihe o f f -pek  season chzsge by 25 percenL Inclining block quantity chxges,  althouph 
difficult IO design bawd on sound economic principles. CUI also be effective in prOmOung 
consenation. Dcpending on the d o  of b e  pncc of the wil block 10 the price of the rust block. 
Ihc block Ouesholds, and Ihc size of ihe b1:cks. lhis type of s n c t ~ r e  maybe more conser:r<cn 
promoting thu! a nonse2iond unilonn qur;tity charge. As we indicxKd in Chapur 2, *e Si12 
of the furl block should not exceed I25 pcrccnl of avenge monthly usagc. Declining block blG 
flal nu S ~ C N T C S  erc never conservation promoting and thus have been assigned Ihc lowest 
score. The weightin? fxtors for Crileiion 1 arc prcsenvd below. 

.. 
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Sour= of Utility Revenuer (Criterion 3). As indicated in Chapter 4. the greater the 
amount of total revenues recovered via raws (ZS oppowd to m e s ,  uansfers from the general 
fund. or other subventions) he more cffecuve the pricing signal. The propoxd woring SysUm 
for this criterion is pES3lted below. 

' 

I 

Table 7-4 Weighting Factors for Criterion 3 

8 0 - 8 9  

7 0 - 1 9  

M I - 6 9  . 

I 
Rate Structure and \ V a t u  Use Communication (Criterion 4). A.5 indicaed in 

Chapter 5 .  the more information a customer is given about the r a m  and their w a z r  usage. Ihc 
more likely they are 10 respond IO a pricing signal. A woring sysem for his criterion i: 
presented M o w .  'I 

Table 7-5 Weighling Factors for Cnler ion 3 



Y 

Crikria 

1. Rate SIIUC~UR form 
2. Allocation of COILS 

10 fueUvari3ble 
chugcs 

3. Sources of utiliry 
revenues 

4. Communication on 
bill 

ToWJ 

-.. 
.. . 

T o w  

0.5 
I Weighting factor. - 

percent Score 5yu 

20 5 @ a,$ 

40 . $  3 b .  1.2 

30 - I , <  4 1.2 

10 ,"I 3 '* 0.3 

IO0 3 .  L -- i x  3.2 

7.5 

Given the weighring of the criteria and the individual scoring of each criurion. h e  hig.hcst 
score possible is a 5 .  In order for utility waur raus (0 k defined a$ conwrvauon promoIing 
using the weighring and scoring system it m u 1  have a score of at least 3.1. 

Example 

To illussuate rhc use of Ihc weighting system. we have provided a rample calculation for 
a water utiliry wiIh a nonseasonal uniform quantity charge. 70 to 79 percent of iu net revenue 
requiremenu recovehd from quantiry charger. 80 10 89 percent of irr toM &venues collected via 
rates. and only Ihc water nus (not usage) an communicaud on b e  bill The rcsulu calculation 
are prewnted in Table 1-6 below: 

Table 7-6 Example Utility Scoring 

J 
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CHAPTER 8 

REGULATORY REVIEW 

The review of policies, rules. and regulanons governing thc development of watcr rates 
includes: 

Florida Public Service Commission (FPSC) rquircmcnts for investor owned 
utilities, 

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

Governmen! owned, operated. or managed watcr and wastewater utilities. 

.. - 
* 

* 

The review concentntcs primarily on those regulations as they pertain to the adoption of water 
conservation-promoting rates. 

- 

Ronda Public Service Commission 

Countics may clect to have private utilities within their boundKics reguiatcd by thc W S C  
pursuant to FS 367.171 (I) .  There u e  currently 34 such counties within rhc sGte Lhat elect to 
do so. Once a county makes this elst ion,  these utilitics arc to remain under FPSC rules and 
regulations for a period of at least 10 years. In 10 of rhe District's I6 countics, investor owned 
(private) utilities u c  regulated by thc FPSC. Florida StamtcsGS), Chapter 367 describes the 
powers. duty, and authority of the FPSC. Section 367.081 spoifies the procedure for fixinx 
and changing ram. The.% ram must be -just, reasonable. compensatory, and not unfairly 
diwriminatory" as stated in FS 367.081 (2) .  There are no statutory limitations which would 
preclude the adoption of conwrvadon-promoting rates. 

. .  

To determine the level and pervasiveness of conservation-promoting rates currently bcinp 
used or under consideration. wc talked with the FPSC. Conservation-promoting rates. such as 
surcharge p r o e m s  and the U Y  of wasonal ntes, have not been 'rquested by utilities for 
adoption. However, rhcrc is a high level of interest from utilities desiring to implement 
inclining b l a k  rate srmctum to promote conservation. There is only one utility under FPSC 
regulation that has had inclining block rates approved, Hobc Sound Water Company (HSWC). 
HSWC is located within thc South Florida Water Management Disfrict. 

The inclining rates adopted by HSWC h a w  be" in cffat for approximately six monihs 
and were approved with specid rquircrnents. The utility must repon to rhc FPSC quaneriy on 
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consumption and revenue to monitor thc programs' effativcncss at promoting conservation and 
desired levcls of rcvcnuc. The quanerly rcporu will be tiled for a period of cighteen months 
at which time the program will be malyztd. FPSC staff indicated that there w u  no pahculz;  
difficulty during the approved process other than deciding on an elasticity value. A conservative 
elasticity of -0.1 was assumed by the FPSC bared on their review of professional literature. 
This conservative approach, taken by the FPSC in zpproving HSWC'r inclining rates, reinforces 
the importan= of wning nks to assurc bat rcvcnucs will nor be derived in excess of the 
allowed iak of rerum of the utility's rate baw. 

I 
1 
I 
I 

With thc inclusion of uniform rate suucture alm promoting thc etonomic efficiency and 
quitability among individual users (and across user groups), thc cxpanding ralc approval process 
currcnlly uwd by the FPSC to promote use of conservation-promoting rates does not appear 10 
conflict with the guidelines p r o p o d .  As long as any propowd rate suucturc assures that rates 
are just and reasonable and will not produce revenues grcaler than those allowed for that rate 
base, the UY of conwrvadon-promoting rates should be allowed. 

I 
I 
I 
I 
I: 
I 
I 
.I 

County-Re.sl!ated Private Utilities. Of the 16 counties that comprise the Southwest 
Florida Water Management District, six have elected to regulale the private utilities within their 
bounduier. These counties, Hillsborough. Manatee, S~arora, Charlotic. H a r d c ,  and Polk Y e  
given regulatoly authority undcr FS 367.171. Undcr this authority, the rquiremcnts of the rate 
setting as set fonh in FS 367.081 ( I ) ,  (2). (3), and (6) again state that only rates must be just. 
reasonable, compensatoy, and not unfairly discriminatory. There is nothing within the stawtes 
that would prohibit conwrvation-promoting rates as long as the four critcria of thc slztutc art 
met. 

- 

County-Owred Public Utilities. FS Section 153.11 (1) @) allows the count! 
commission IO set rates. fees. and othcr chargcs without 'supervision or regulation by any other 
commission. board, bureau or agency of the wunty or of the state, or of any unimy district 
or other political ~ u b d i v i ~ i ~  of the State." FS Section 153.11 ( I )  (c) rquires  that "rates, fees, 
and charges shall be just and quitable." Thc only restrictions to ratc setting for county-onnee 
public utilities arc that they arc fair and rcaronable. Section 153.11 (1) (d) addresses water Use 
that impoL% an 'unreasonable burden' upon thc watcr supply systcm. In such cays, 'an 
additional charge may be'madc thercof or the county commission may if it decms advisab!e 
compel the omen or occupants of such building or premisses to reduce the amount of nater 
consumed.' 

Other Government-Owned Public Utilitis. FS Section 367.022 (2) specifically 
exempts other government owned, opera&, manzged or wntroUed utilutics from regulatior: 
undcr that chapter of the statutes, including regulation of rates and charges. 

I 
I 

-. .: I 
I 
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Conclusions -? ._ ' 
B a d  on OUT review of the p l i c y  and rules and regulations governing the development 

of ate ttn~~~re.s. for both publicly and privaely owned utilities. there are no resvictions against 
the uy of conwrvation-promoting raes. The only requirements are that the rates be just and 
rcaronable across uyrs and u y r  groups. and provide rearonable assunnce that h e  revenue 
generated from the rate bare equal the utility's revenue requircmenrr. 
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APPENDIX A 

QUESTIONNAIE 



SOUTHIYEST FLORmA WATER WiNACEhlENT DISTRICT 

WATER AM) SEWER UTILITY QUESTIOhWAIRE 

IDENTEICATION 

Date: 

Name and Address of UIiliCy: 

Name and Tide of Person Responsible for Questionnaire: 

Phone Number: 

IXSTRUCTIOXS 

Pleav d e r  to the rcspective Chapter; 2 Lhrouoh 5 of this repon for additional infonntuon 
on he dam rcquerm.in h e  foUowing water and sewer uliliry qucstionn3iRs. If your utiliiy 
provider both water md sewcr service pleaw complete both rhc water and sewer uuLtY 
questionnaks If you have any quertions call Southwest Florida W a m  Management Disvicr 

P 
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WATER UTILI" QUESTIONNAIRE 

Criterion l--Fak Structure Form (See Chapter 2) 

Dam Source: Water Rate Ordinance (please include a copy of the Water ratc O r d i n u l C C )  

1. In the following table indicate (wirh a check) h e  waler uiiliry's quantity charge s v U c 1 u  
by customer c las .  

. I  

I 

: I  

I . 
10 

'E xasonal surcharge s u u c t u ~ .  check wirh inclining block and Yaronal 

2. Fill in the cunent quantiry charges by customer class (doUarduni1). What are the uniu 
u e d  (e&. dollarslgallon. dolldcubic feet (ci). dolladhundred cubic feet (CCO) - 

? - 

'If xasonal surcharge SWCNR. fill in both inclining block and %Zonal .  



A-3 

3. If you chcckcd declining block or inclining block charges in Number 1. fdl in the water 
uy block hresholds (uing applicable units) associated with the quantity charges by 
customer clarr. What arc the units uLcd (e.&. gallons. cubic fez1 (co. hundred cubic feet 
(-0. ? If you checked w+ronal quantity charges in Number 1. fdl in G?: 
period (monrhr) associated with the quantity charges by cusmmer class. 

~~~ 

'If seasonal surcharzc smcm, fdl in both inclining block and seasonal. 

' :  



A 4  

Fill in the monthly water production for the last lhrec yearr in the fouowing rablc. what 
M the uniU w d  (e.&. gallons. million gallons (mg). cubic feel (cf). hundred cubic feet .?! 4. 

(CcO. acre fwt (ac ft) ) - ? 
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5. Indicate thc water utility's mcm mading cycle by customer c k  in the following table. 

Criterion 2-AJloetion of Costs to Fixed and Variable Charges (See Chapter 3) 

Data Sources: Water Uriliry Budget - Y e a  cnd summary of expenses and revenues; 
Water Rate Ordinance. 

6.  In the following table lid in rhe fKcd aad variable water utiliry w r  chargc revenues by 
customer c k .  

7. What cxpchvs an funded by the water uriliry'r fucd charge? Fiu in the dollar amounil 
in h e  following table. 

.-)I 
1 
J 
1 
1. 
1 
I 
1 

.?I 
1 
1; 
I 
1 
.I 
1 
1 

~ ' > '  I 
: \ ... 
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If rhe rued charge includs some warn UY (minimum charge) fd in rhe amount of water 
use by cusmmer c l w .  What are the uniu used (e.g.. gallons. cubic fecr (co. hundrcd 

? 8. 
I 

cubic feet (CcO) ? 

Criterion >-Sources of Utility Revenues (See Chapter 4) 

Dau Sources: Wakr UIiliry Financial SmIerncnt; WaIer Uliliry Budget - Year end 
summary of revenues. 

9. In thc following mble fill in the requcsIebwawr uliliry sources of Tevcnuc. 
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Criterion &-Water Rate and Water Use Communication (Srr Chapter 5) 

Data So-: . Example Watcr Bill 

ID.  

11. 

12. 

13. 

14. 

Arc the water mtes documented on the water bill 'I 
Yes __ No __ 

IS the water uy dccurncnKd on the wavr bill ? 
yes. - NO - 

Is the historic watcr use for a similar period in the prior year andor average fmm the 
prior year dwurnented on the water bill ? 
Yes __ No __ 

If yes 10 numbers I 1  or 12. is the water use preunted in gallons per day on the walcr 
bill ? 
Yes __ No __ 

In ;e following uble indicae the waer uliliry's billing cycle by customer class. 

- 
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SEWER UTILITY QUESTIONNAIRE 

Crlterlon ]--Rate Structure Form (See Chapter 2) 

Data Source: Sewer RaU Ordinance (piem include a copy of the sewer mu ordinance) 

A-8 

3 

1. In !he following table indicae (with a check) the YWU utility's quantity charge smcture 
by customer class. 

ILt I I I I I 
h t i g  B l d  4 

Cn'terion %:Allocation of Cos* to Fixed and Variable Charges (See Chapter 3) 

Data Sources: Sewer Utility Budget - Year end summary of expenses and revenues 

2. In the following table fill in the fued and variable YWU utilig&r charge revenues b y  
cummer c k .  

ri & 

J 
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Crltcrion %-Sources of Utility Revenua (See Chapter 4) 

Dam Sources: Sewer Ulility Fmancial SmEmenS Sewer U a t y  Budget - 
summary of =venues. 

Year end 

4. In the following table fLu in the requeswd y w e r  utility sources of revenue. 

1 
-1 

7 
'f 
J 

'I 
3 
3; 
J 
3 
3 



Criterion 4-Sewer Rate and Water Use Communlatlon (See ChapLer 5)  

Dam S o w :  - Example Sewer Bill 

'3 
A-IO 

5. Are the sewer raLcs documenred on the sewer bill 7 
Yes - No - 

6. Is the waler use documented on the sewer bill ? 
Yes  - No - 

7. Is the historic water use for a similar period in the prior year andlor the average from the 
prior year documented on the sewer bill ? 
Yes  - No - 

- 
8.  If yes 10 numbers 6 or 7. is the wacr  use presented in gallns per day on the sewer bill? 

Yes  __ No - 

9. If a percent of water UY 01 a limit on waer use is w d  to calculated the sewer bill is his 
documenEd on the sewer bill ? 
Yes - No __ 

IO. In the following table indicate the sewer uliliry's billing cycle by culomer class. 
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SEASONALITY OF WATER USE IN THE SWFWvfD 
SERVICE AREA AND ITS LWPLICATIONS WITH 

RESPECT TO SEASONAL RATES 
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APPEh'DM D 

m S O N A L l T Y  OF WATER USE M THE SWrWMD 
SERVICE AREA AND ITS IMPLICATIONS WlTH 

RESPECTTOSEASONALRATES 

In order lo b e ~ r  understand the impact that seasonal raws andor any general shift in *e 
recovery of annual revenue quiremenrr  from fued charges (the fued monthly remice charge) 
lo variable chatgcs (the quanrity char& will have on cash now and/or raw equity. we have 
analyzed cenain pumpage data for 1988 through mid-1992. Based on our analysis. we have L k  
following conclusions: 

1. In analyzing thc total pumpaec data for the entire Southwest Florida W i k r  
Management District (Disuicr) service area. it is clcar that there is a peak M abcc; 
May for all 5 y e m  (1988 through 1992) for which we had data (5% the alL?ch?.c 
FiglMs D-1 through D J  for tolal pumpage for all ulililies). In 1988. the:? 
appears IO be a fall peakT3lober) of almost qual magirude to the spMg ped: 
while in 1991. there is a peak in December which is sigdicanlly greater than ht 
spring peak whose magirude is about 20 percent less than the nomal spring p2? 
(%e magniludc of spring peaks in 1988, 1989, and 1990). We suspect 0% 
reduction in the 1991 spring peak is the result of the 2 days per week f i p a u c n  
restrictions imposed by the DisVicL In both 1989 and 1990. the falllwinter pe" 
is a minor pealr compared IO the spring pe& In 1992, there is a r e m  lo b e  
normal (in terms of magirude) spiing peak In summary. i t  appears ires. 
analyzing the to@ pumpage dab. that there is a major peak in the spring an3 e 
minor peak in the faJliwinter. At a consequenct. thosc ulilitics that cdopt serS0r.l' 
m!es should assess the peak searor:al quantity c h q e  during the 4 a o n t h  ~ r i C 2 .  
Febriiary through May. It is this peak that dictaws thc capacity of Cie sysEm 2:li 
thc magrirude of the capacity relaKd fucd COSLS. 

In addition 10 analyzing t o d  Disl6ctwide pumpage data. WE also analyzed C?. 
pumpage dam for some individual u cs. This pumpage dat4 together w i b  x i  
irrigation qu i r emenr r  (NIR) and Ihc level of irrigation resvictions for LSi 
panicular utility. are presented in Figures D 6  through D-16. Some of l'rc 
individual ulilitiu were selccted becaauu of thtir hislorical population i n c r e r x  
in  l a u  faWearly winter (venicc. Winter Haven, an land). The purpow c: 

was 10 deKrmine 12j.z analyzing Ihc pumpage dam for these individual u 
relationship between the two peaks and thc NJR weather variable. That is. Y x  

wanted 10 dcwrrnine if the falllwinler minor p e s  was also. at least pYrid!:.. 
relaud lo weather or due solely to the arrival of p a n - h e  residenrs'lollrjsrs. 

2. 

*-=-m-*a.n 
Q " > l l U  

I 

I 
I 
1 
1 
I 
I 
I 
I 
I 
I 

d 
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_ I  The NIR is defined as cvapolranspintion (ET) less effective prccipitation (EP). 

~ h m l o r c .  the NIR in month I is defmd as: 

(hTR), = ET, - EP, 

and rcprcsenrs Ux average amount of water required to prevent S V e S  on turf 
grass. 

Effective precipitation. the precipitation that directly offseir ET rcquirrmentr. is 
csrimated'using a widely uwd equation by the USDA' as follows: 

EP, = [1.25*(FAN~2S.4)0~m - 2.931 * [1@mau'm-rr'l/2S.4 

where: 

E?, = effective precipilauon in month 1 (inches) 
PAX, = rain in month t (inches) 
ET, = evapomspiration in month t (inches) 

Essentially. this equation recognim lhat EP is less than rainfall. Some rain is lost 
as runoff or percolares into the ground p u t  the turf grass root zone and so is not 
effective in offsening ET. 

In examining the plotr of pumpage versus hXR in  Figures D-6 b o u g h  D-16. it 
can be seen that genenlly both the major spring peaks in pumpages and rhe minor 
faiywinter peak correspond to relative peaks in NIR. I1 is shown that there is a 
significant peak in hXR in late fall/early wLiter for almost all of the utilities 
analyzed, including the utilities with a signircant increase in population durin: the 
faiyearly winter. This indicates that even his minor peak is, at l e s t  paninizliy. 
weather driven lather than totally due IO any population incrcm. 

Despile OUI findings. we see no problem with the Disvict allowing uiilitiu with 
a pan-time populrtion thar cxcceds 20 percent of the.1otal population 10 either 
=S seasonal r a m  during both peak periods (that is aswss a higher quantiry 
charge during both the late spring/early summer and law, faWearly winter pedal 
Or exempt thew urilities from having to adopt seasonal rates and allow thcm 10 

insread adopt another conservation promoting late SVUCM form that better meeu 
their panicular needs for late equity and revenue stability. 

'Evaporation and L+gation Water Requinmen&s. ASCE M a n u b  and Repons on Engineerins 
Practice No. 70. 1990. 

-Nvpa-a -a~~ .DIII  
Q"LK4 

c. 



.... .,. ..> 

PUMPAGE VERSUS TIME FOR YEAR 1988 

I G.000.000.000 T 

0 I 
JAN FED MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Year 1900 
m 
I: m 
x 

-1.  

, 



0
 

x 
x 

0
 

x 
0
 

x 
x 

0
 

x 
0
 

x 
x 

9
 

x 
x 

z 

0
 

9
 

9
 

0
 
0
 

9
 

8 
0
 
0
 

x s 0
 

x 2 0
 

x 0 
2 

x 0 
x 0 

2 
2 

0
 

L
 

- c 
9

 
N
 
L
 

- 
c
 

- 
c
 



., i:’. 
/:.,.I. 
,:.. , 
I .. ... 

I 

PUMPAGE VERSUS TIME FOR YEAR 1990 

15.000.000.000 

n 14,000.000.000 
0 
m 
D 

- - 
n‘ ._ 

13.000.000.000 
5 
a - * 
0 
Y 2 12,000.000.000 

5 

I2 11.000.000.000 

P 

m 
- 
” 

10.000.000.000 --- -- - 
JAN FEE MAR APR MAY JUN JUL AUG SEP OCT NOV OEC 

Year 1990 
I 

F i w r c  D-3 

rn 

!E 

x 
L 

-I 

- 

i; L 



.- n m C
 

>
 

r
 

a Y 

0
 

0
 

0
 

0
 
0
 

0
 
0
 

0
 

0
 

0
 

0
 

0
 

x 
0
 

0
 

x 
x 

x 
g 

:
 

x 
x 

x 
x 9

 
x 

0
 

x 
0
 

0
 

0
 

0
 

0
 
0
 

0
 

.= 
0
 

9
 

0
 

9
 

0. 

9
 

9
 

L
 

- 
z 

z - 
- 

- 
L

 
L

 



EXHIBIT 
(j iiI,'L

?) 

P
A

G
E

 
k'h 

OF 
q
/
 

,
:

 ; 
)

;
 

; li 5 0
 
0
 

0
 

0
 

0
 

0
 

"
:

:
g

o
 

0. 
9
 

9
 

x 
9
 

.%
 

n
 

0. 
x 

0
 

0
 
0
 

9
 

0
 
0
 

0
 

9
 

0
0

 
9
 

x
o

 
x

o
 

"
8

0
 

0
0

 
0

0
 

2 - 
s - 

c
 

x
g

0
 

9
 

z
o

 
z

o
 

x 
x

o
 

0
 

- 
.. - 

9
 

0
 

x 0 
L

 
- 

- - 
2 

I ,I 1 .I I 1. I I I I I I I I I I I 
i
 

__ . 
.
 

.. 
.

.
 

.
-
 

- 



. .  . .  

VENICE. CITY OF 
I 

7.00 

6.00 
A7 

kl 
5.00 r' 

5 
E . ?  Y 

a r  : 

- 0 .E 2 'ds 
Loo .: .: 

4.00 2 E; 

3.00 $ $ : 
" 0 -  

_ -  
.2 ".a 

1.00 

0.00 

1 2 3 4  5 6 7 ag io11121  2 3 4  5 6 7  B 9 i n i i z i  2 3 4 5 6 7  a 9 i c i i i 2 1  2 3 4  5 6 7  a91011121 2 3 4  5 6 7 

Monlh. Yaar 1980.1992, Parmil Nos. 5393 - PUMPAGE --b Not Inn REO IRR Restriction 

: 



J
 

c
 

ID 
In
 
t
 

n
 

N
 

(D
 

c
 

m 
Y

) 

n
 

N
 

L
 

I J l J:. J- I 
z I I .I I I I 

.
.

 

I I 

4
 

J
 



Y
 
0
 

>. 
0
 

k
 

0
 

a z 2
 

Y
I 

Y
 

- 

4 



v
) 

Y
 

0
 

a 5 0 e 

J
 

. 
... 

. .-* 
.. . 
-
. 

.
 .. 

.. 



:-. -. 
1 



J
 

... 

I 1 11 I 
-
 I 

=
I

 
0
 +

I
 

I 1; I I I I .. I I:. - 

0
 . - .. 
__ 

. 
.
.
 

.- .
 .. , 

d
 



- ..
 

-_ , 

Y
 

-0
 



I 



(Ti:,: :, * CL: 

TAMPA, CITY OF-MORRIS BRIDGE & HILLSBOROUGH RIVER 
I 

7.00 3.500.000.000 

6.00 ; 

5.00 'L 
- - 4.00 ,g .e I 

D 3.00 2 2 E 
'C 0 - 

3.000.000.000 .c 
Y 

.. 
c 5 1  

E;: 

" " % a  

2.500.000.000 

2 2.000.000.000 g!? 2 

:: 1.500.000.000 o c  

2.00 .: .; 
E, D P a 

1 .ooo,ooo.ooo - 
c -  

1.00 4 
500,000.000 

0.00 0 

1 2 3  4 567891Oi1121 2 3 4 5 6 7 0 9 1 0 1 1 1 2 1  2 3 4  5G7891011121 2 3 4  5 6 7 8 8 1 U 1 1 2 1  2 3 4 5 6 7  
Monlh. Year 1908.1992. Psrrnil Nos. ZOGZ and 6075 - PUMPAGE b- Not inn nEa -D- IRR Rostriction 



LAKE PLACID, TOWN OF 

50,000,000 

45,000,000 

I234567891011121 234567031011121 234567091011121 23456700101112123456 
Month. Year 1308-1932. Poimi( flo. 5270 

_c PVMPAGE d- Net IRR REQ IRR Restriction 



0-W 

ANVdW03 3NlOlOH 013Vld 3lVl 

0 

000'000'1 

000'000'2 

ooo'ooo'c p 
3 

ooo~ooo~v 2 n 

000'000's 

000'000'9 2 

000'000'L 

000'000'0 

000'000'6 

- 0 

I 

i 



WATER PRICE 
0 
ELASTJCITY STUDY 

0 AUGUST 1993 

0 

. ... .-. . . . j ~ .  - .. . .  ..- ,.. ...T,.<> . .  ..~. .~ . 

PREPARED BY 
I 

B R O W N  A N D -  C A L D W E L L  
in association with John B. Whitcomb, Ph.D. 



-. 

Pmjeci?&naguncnt I 

Jay W. Yingling, Senior Economist, Planning Department 
*-h 
C. DodRorne, Economist, Technical Services Department 



..-. 

4- 

Brown and Cnldwcll RoJtct Staff 

EngineerinplEconom'o 

Marv Wmer, RoJect Mvragff 
porter Rivers m, F-rojed Enginer 
Carolyn Emerson-Price 
John B. Whitcomb. - 
Robert Briggs 

~ e p o r t  Preparation 

K. Adsit 
B. Andnde 
J. Manalang 
R Toryrtcr 
B. Williams 

. 



Contents 



... 

. . 

CONTENTS 

.‘7. 
. .  .- 

U T O F T A B L E S  .............................................. iii 

LIST OF FIGURES .............................................. iv 

~ x ~ c u r r v ~  SUMMARY ......................................... e5-1 

Utiliry Selection ....................................... ES-I 
Cuscomcr Disaggregation ............................... e5-1 
Statistical Approach ................................... e5-3 

Data Collection .......................................... 1 . e5-3 
RCSUIS for Single-Family Homcs ............................... e5-3 
Resulu for Commercial Customers .............................. e5-7 

CHAPTER1 INTRODUCTION .................................... 1-1 

CHAPTER 2 PRICE THEORY ..................................... 2-1 - 
Demand Curves ........................................... 2-1 
Shon-Run and Long-Run Elsticiry ............................. 2-3 

Block or Ramped R a w  ...................................... 
Bill Difference ............................................ 2-6 

CHAPTER 3 RESEARCH DESIGN ................................. 3-1 

Customer Disaggregation ..... ; ............................... 
Slatistical Approach ........................................ 3 5  .. 

CHAPTER 4 DATA COLLECTION ................................. 4-1 

Weather and Soils .......................................... 4 1  
Irrigation Rcsmcrions ......................................... 4-3 
Groundwater Depth .................. : , 4-7 

1990 us . census .......................................... 4-7 
Counry Tax Records ........................................ 4-7 
Telephone Survey .......................................... 4-9 

Commercialclasses ............................................. 4-11 

RcsearchDedgn ........................................... ES-I 

- 

BlockRatcs .............................................. 2-3 
2-4 

ShuItaneOus Equation Bias ................................... 2-9 

U U r y  Selection ........................................... 3-1 
3-1 

WaterUse ............................................... 4-1 

.................... . 
SmgleFamily Homcs 4-7 

. 



CHAPTER 5 RESULTS FOR SINGLE-FAMILY CUSTOhER . . . . . . . . . . . . . . 
Model Functional Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
RecommcndedModel ....................................... 
BauWarerUsc ........................................... 
Irrigation Rcsuictions . . :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Well Depth and POOLS . . . . . . . . . .'. . .-. . . . . . . . . . . . . . . . . . . . . . . . . . 
Ropenyvalue ............................................ 
Rice ..................... :.. ........................... 
Pool .................................................. 
Irrigation System and Tmer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Brimation ................................................ 

CHAFTER 6 RESULTS FOR COMMERCIAL CUSTOMERS . . . . . . . . . . . . . . . 
Apartments ................................................ 
Car Washes ............................................... 
Hospitals ................................................ 
H o t ~ W M o ~ l s  
Laundromats ............................................. 
Nursing Homes ........................................... 
OfticeBuildings ........................................... 
Rcsrauranlr .............................................. 
Schools (Elernenmy) ....................................... 
Universities and Colleges . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . 

. . . . . . . . . . . . , . . . . . . . . 
W n K I  Haven AggItgaK Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

- 

CHAFTER 7 ANALYSIS OF AGGREGATE DATA 

APPENDM A WATER AND SEWER PRICES 
APPENDM B. W E A T E R  DATA 
APPENDM C. SINGLE-FAMILY TELEPHONE SURVEY AND RESULTS 
APPENDM D. COMMERCIAL SURVEYS AND RESULTS 
APPENDM E. ESTIMATION OF IRRIGATlON WELL LOGIT MqDEL 

. 

ii 

5-1 
5-1 
5-2 
5-4 
5 4  

3 
3 

5-5 
5-5 
5-6 
5-8 
5-9 
5-9 

6- 1 
6-2 
6-5 
6-5 
6-5 

6-12 
6-12 
6-12 
6-12 
6-22 
6-22 

7- I 
7-1 

4 



P 

... 

-. . 
-.,I Number 

Es-I 
ES-2 
ES-3 

3-1 
3-2 

4-1 
4-2 
4-3 
4-4 
4-5 
4-6 

5- 1 

6-1 
6-2 
6-3 
M 
6-5 
6 6  
6 7  
6-8 
6-9 

6 1 0  
-5-11 
6-12 

7-1 

LIST OF TABLES 

Participating Utilities .................................. 
OLhcr Customer classes ................................. 
Summary Resultr for Comerrial Customen 

partiapnting utilitics ................................... 
othcr Customer clarys .............. : ................. 
WatuUseHistorics ................................... 
Wcathcr Stations ..................................... 

................. 

SWFWMD Irrigation Restrictions ......................... 
Groundwatcr Well Depths and Soil Type 
Summary of Single-Family Telephone S w c y  
Commercial Customers with Watcr and S w e y  Data 

Singlc-Family Home Model .............................. 

Summary R e s u l ~  for Commercial Customers 

.................... 
................. 

. . . . . . . . . . . .  

Lynne et al . Study ..................................... 
Apanmenf Model ..................................... 
Carwash Model ..................................... 
Hospital Model ...................................... 
HotcllMotclModels ................................... 
Laundry Model ...................................... 
Nursing Home Models ................................. 
OfficeModels ....................................... 
Restaurant Models .................................... 
SchwlModels ....................................... 
Univcrsiry and College Models ...... ; .................... 

................. 

Wintcr Haven Aggregate Billing Data ....................... 

e5-2 
e5-2 
e5-8 

3-2 
3-4 

4-2 . 
4-2 
4-5 
4-8 
4-9 

4-13 

5-3 

6-1 
6-3 
6-6 
6-8 

6-10 
6-13 
6-15 
617  
6-19 
6-21 
6-24 
6-26 . 

7-2 



ES-I 
ES-2 

1-1 

2-1 
2-2 
2-3 

3- i 
4-1 

5-1 
5-2 

6 1  
6-2 
6-3 
6 4  
6-5 
6-6 
6-7 
6 8  
6-9 

6 1 0  

LET OF FIGURES 

Single-Family &mmd Curves ............................ 
Single-Fdy Price Elatticity Curves ....................... 
Single-Family Home Average Wae Use and Marginal Price 

Single-Family Home Watcr and Sew prices for 1992 ........... 
Ramped Marginal Price ................................. 
Bill Difference Illustalion ............................... 
Location of Water Urilities .............................. 

...... 

Weather Averages-IO Utility Composite .................... 

Single-Family Rice Elasticity Curve ...................... 
ApanmentWaterUse .................................. 

Single-Family Demand C w e  ............................ 

Car Wash Water Use ............................ : ..... 
Hospital Water Use ................................... 
Ho~yMotel WaterUse ................................. 
Laundry Wateruse ................................... 
Nursing Home Water Use ............................... 
Office Water Usc ..................................... 
Restaurant Water Use .................................. 
School (Elementary) Water Use ........................... 
University and College Water Use ......................... 

- 

BS 
e5-5 
e5-6 

1-3 

2-5 
2-7 
2-8 

3-3 . 
4-4 

5-7 
5-8 

6-4 
6-7 
6-9 

6-11 
6-14 
6-16 
6 1 8  
6-20 
6-23 
6-25 

iv 
. . . .  
. . .  . =. . . . .  .... . -  



EXHIBIT Lj A,.. 
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Increasing water dunan& together with limited and more expensive water supplies have 
increased the inurest of water purveyors in the use of price to modcntc demand. In order to w 
price to moderate water demand. it is to quantitatively dctcrminc the impact of price 
on water demand. It is. therefore. the objeCtive.of thic smdy to quanw the rclptiouship between 
water price and water demand for customers within the Southwest Florida Warn Management 
Disnict (SWFWMD) service area. "his is accomplished by determining the price elanicity of 
water demand for variousclssws of customen. Rice elasticity m e a s w  the p e n t a g e  change 
in demand redr ing  fmm a 1 percent change in price all other factors held constant. The redu 
of this SNdy are integrated into-a computcr a t e  model that can assist utilities within the 
SWF?iMD in aswrsing the impacs on both water uy and revenue rcsullkg from adoption of 
alternative rate SVUCMS. 

Revarch Design 
- 

P. 
In order to determine the relationship between water price and water demand. it is 

necessary to develop a research methodology. This includes delcrmining: (1) what water utilities 
to include in the study. (2) what specific customer clssws to a n a l p ,  and - (3) what statistical 
approach to use to measure the impacts of price. 

Utiljiy Selection. S W F W h D  staff and Brown and Caldwell jointly selected ten utilities 
to panicipate in the study. A number of criteria were w d  in the sclcction p r e x s ~ .  Because the 
objective of this study is to estimate price elasticity. the most imponant critcrion was to obtain 
utilities with different wawr prices: A diverse and wide ranging sct of warn prices increases our 
ability to discem the influence of warn prih. Also sought were utilities from different regions 
of the SWFWMD Wrvice m a ,  those interested and capable of providing water w data. some 
with shallow groundwarn levels. some overlying deep sand soils. and at least one private utility. 
Barcd on thcse criteria, the utilities listed in Table €3-1 were selected for inclusion in the sNdy. 

Customer Disaggregation. B e u w  warn price affects different,customen in different 
ways, we studied specific clasts of warn USCIS. Single family homes M by far the largest class 
of customus within the SWF?i?.m service a m  comprising over nvo-thirds of the total number 
of m t o m u s  and about one-half of the mral warn uy. As a conwquence. we spent a major 
ponion of our effon csrimaring the price response for this customer c l m .  
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Table E S 1  Participating Utilitis 

No. Utility county 1990 population Private utility 

1. City of Bradcnwn Manatee - 44.303 NO 
2 HillsboroughCounty Hillsborough 130.149 No 

3 City ofLaLcland POW 

4 City of W e  Placid nighlandt 

5 Manateecounty Mall& 

6 CityofSr Petenburg Pinellas 
7 Spring WUlilities H e m d o  

8 City of Tampa HiUsborough 

9 City ofVenice ssrasota 

118507 

4.410 

190.240 

282392 

52,187 

468.458 

18.079 

NO 

No 
NO 
No 
Yes 
No 
NO - 

10 - City of Winter Haven Polk 30.011 No - P 

We also analyzed water uy for ten other cuwmer cl-s. We xlecfed clasxs that we 
believe to be relatively common within the SWFWMD service area and would, thenfore. 
reprexnt a sigdrIicant amount of the nonsinglc-family water uy within each ulility and within 
the D~SIX~CL Considention was ala given w wlecting classes that would serve as good 
indicators for other similar rypes of customers based on ow professional judgmenr The clllsscs 
selected are listed in Table ES-2. 

Table ES2 Other Customer Class 

No. Desoiution SIC code 
- P - 

1 Apanmcntr 

2 . CK whchcrs 7542 

3 Hospitals 806, 

4 HofelsrMotcls 701 

5 Laundromats 721 

6 Nwsin~Homes 805 

7 OffirceBuildings 81 

8 R e s t a m t r  5812 

9 Schwls (Elemenrky) 82 1 

10 Universities and Collegcl; 812 

LnD.?.%--LNm 
wsrer - 

.. . .= = ..+- . .  .. . 

d 
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Stnric6cpl Approach. To mcdsLvc the impact of water price on water w, water use 
models (regression quations) M developed. On the left hand si& of such an quation is water 
use. On the right side M coeffcients (8). cxpllnuory vviables 0. rod a residual 1crm. 

-3 

WATER = f ( B X )  

Rcgrssion analysis &arcs the cocfficients that k s t  explain water use given the explanatory 
variables. Gcncnlly. thir it done by finding the set of coefficients that miaimire the a c e  
(least squares) of the midual fum. From thir approach, we can &aLc the impact of water 
price while conuolling for other idcnlifkd innuences. 

r' 

The modeling process consists of thne major steps: identifcation. estimation. and 
vcrifcation. The identification stage concerns selection of the explanatory variables and the 
functional form of the model This slage r q u h  a mix of naroning and experimenting. Bawd 
on reasoning. we fmt identify likely explanatory variables. For example, we obviously expect 
outdoor irrigation to-inrrease with hoL dry weather and decrenw with ml. wet weather. Hence. 
our models include wcathcr variables. In addition. it is 'obvious that outdoor irrigation will 
incrcay with higable ~1 and indoor use with number of occupants. In some caus.  however, 
it is not clear which of among several alternative explanatory variables is most appropriate. For 
example, as discuswd in Chapter 2. we have different hflotheres regarding customer reaction 
to stepwise changes in marginal price when block r a m  c x i s ~  We experiment to sec which price 
specification works best 

Regarding the functional form of the models. we allow for a flexible functional form that 
can capplre both nonlinear relationships and interactions among variables. In the past linear 
water use models have becn popular because their estimation is cornputationally easy. Advances 
in computer hardware and software, however. have made it increaringly possible for rerearchers 
to specify nonlinear models allowing for a more delailcd mapping of the demand curve. j 

. .  .. 

Data Collection 

The data used in his srudy &e h m  a variety of Y)UIECS. pc data common to all 
customer c1arses includes water and sewer pricer. wata  use. weather and soils. irrigation 
NUkliOns. and groundwater depth. Data specific to single family residential customers (number 
of pvrons in home. lot size. properry value, prrynce of a pool, type of irrigation system. 
household income. presence of an irrigation well, and presence of different water furures) came 
from 1990 U. S. Censur information, county tax records and/or the ~ s u l t s  of a telephone survey. 
Data specific IO the other customer clarws came from a mail survey. 

.- 
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R d k  for S h g k - F ~ ~  Home I - 

We used regression analyds. based on pooled cmss-sectional time-wries daw to 
detcrrnioe the functional relationship between w a r  uy and a set of explanatory vankbles 
including price as dimwed in Chapter 5. The analysis incorporaw water use. wafer and sewer 
price. M e r .  irrigalion nstrictions, well &p& da!~ fmm county tax ass.c.wrs rccordr. and 
teleDhone NNCY data for 1,200 homes. Various CombiuUioas of upinnaIory vuirbles together 
with both lin& and pweenLagc adjustment model forms wen considered Completion of the 
identification. estimation. and vcrifuation stages of b e  modeiiag p a s s  led to crtimws of thrrc 
demand functions. Demand c w e s  for low, medium. and high tax asSSSxu propcrry values M 
shown in Egm ES-1. The curyes &-e negarively sloped. nonlinear. and show water ULC 
incrrsws with higher propwry values. especially .at IOWK prices. 

Figm ES-2 plots price elasticity. which ranges between 6.01 and 6.57. by price level 
and propcry value. A number of observations can be made. FmL at prices over 51.50. higher 
propwry value customers arc more price elastic. At a price of 53.00. for example. price elasticity 
for low. medium and high propwry value homes is -0.25. -0.43, and -0.57 nspectivcly. Perhaps 
this nsuls becaw high value homes, which use significantly more water. have more 
discretionary water use (irrigation) from which they can cut back Another uplanation is that 
wealthy cILIItomm have greater ability to purchase water efficient devices (e&, low volume 
toiles) and access source substitutes (e.g., irrigation wells). Hence. they have more options to 
reduce their water use in rrsponse to a rate hiLC. At prices below 51.50. price elasticities are 
similar among the different wealth groups. 

Anothcr observation concems me shape of the elsnidty CUTVCS. For low value homes. 
price elasticity incnascs with price until f150. ~t this point, thew customers M mosi snivc 
in reducing discretionary uses and making the simple adjusmmU necdcd to uy water more 
efficiently. With funher price incrrases. however. water savings become progressively hvdcr 
to achieve and price elastidry heads steadily towards m. customers rind their uciljty derivcd 
from remaining water we is high (e.g. water for cooking and bathroom us). and hence arc fG 
willing to make funher water ~s in response to price inaearcs. For medium and high vdr r  
homes. the same paacrn erirts but the Wection pins where customers M most fensitivc u) 
pnce OCNT mnnd  $2.50 u r d  $3.00 mpenivcly. fhcrefon,.il I aku  higher prices before 
weallhier customers react most aggressively in reducing water consumption. When thcy 60. 
however. they do d e c r e a  it at a much fastu rate than lower pmpcrry value CuItomus. By the 
h e  €nice inmlscs to $6, there is link W m c e  in water use b m d  on pmpMy value. 

- 

- 
4 

J 



W
AT

ER
 A

N
D

 S
W

ER
 P

RI
CE

 t$
/I.

W
O

 G
A

LL
O

N
9 

- 
u
 

w
 

P
 

L”
 

0
 

-4
 

0
 

6
 

r
.3

 

.. 



a
 

.. 



.. 

P. 

ES-1 
.' x ~-. 1 Raulk for Commudpl CvstOmrS . \. 

For the 10 commucial CustOmeI clarseS. we also develop regrcYion mod& based on 
pooled cross-sectional rime-series data to estimate the fuuctional relationship between water LUC 
l a d  water price wbile ab0 controlling for other f a c m  affecting warm ysc Otber factors include 
weather. irrigation mtrictions. availabilily of groundwala. and Ntomer-s-specific data from mail 
surveys. TO account for seasonal di&xcnccr in.w&ute among cusulmm, the nomingle-family 
models also include a susonal busincv variable based on information elicitcd through the mail 
surveys. 

Chapter 6 describes OUT investigation of price ekticiw for the 10 c o m m d  customer 
classes (aparunenu, car washes. hospitals. hoteWmouls; laundromat%. nursing homes. office 
buildings, restauranu, elementary schools. and universities and colleges). 'Ihc apanment class 
is by far the largest nonsingle-family uyr  class both in mms of number of customm and water 
uy. Bared on 1990 US. Census records, approximately 44 p n t  of dwelling uniu in the 
SWFKMD w i c e  area arc in multiple unir complexes. In tbis study. we denote apanmcnu as 

.commercial ( a p m e n t  owner's perspective) although, of course. they arc residential. 
.- 

A major Ending of the nonsingle-family analysis is that apanmenrr, which are the second 
biggest users of water wirhin the SWFWMD service area. an very price inelastic. Watcr LUC per 
dwelling unit is relatively consistent among utilities irrespective of price. We do find. on the 
other hand, that car warhe& hotcWmotels. lauodromau, office buildings. restaunnls, and 
elementary schools respond. to a limited degree. to price. Rice elasticities range from -0.14 to 
-0.71 as shorn in Table ES-3. Analyses on hospitals and nursing homes did detect a negative 
price elasticity. The sample size for universities proved tw small u, m&e any inferences about 
price clarticity. 
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Tnble Es-3 Surnmnr). Resulls for Commerclnl Cuslomen - 4.___ 

Told monlhly Mean warm Mean marglnal 
obseNaUOns use I plcc Rlce elwlfclly 3 

C l u S  (N) hccounu Unlt fador glVdayhnlt YI.Mx) gds almcaw ModelR2 

hpmcnu 4,807 174 ApnrtmcnW d07 3.01 0 0.64 

Car wash 

Ilospllals 

Iiolclslmolcls 

Lmunclmmab 

Nunlng'lamcs 

omce buiioings 

Reslauranu 

Schools (clcmenlw) 

514 

67 I 
3.525 
1.511 

1.983 
3,763 
3274 

' 2.497 

17 None 

22 Dcds 

113 . Rooms 
58 Wathns 

54 Rooms 

I16 la00 fl' 

122 Seals 

67 Shldcols 

4.672 

96 

, 145 
172 
96 
92 
29 

6.0 

2.74 

3.05 

2.51 

2.97 

0.70 0.17 
0 0.W 

0.48 0.43 

-0. I4 0.06 

2.67 0 054 

3.00 -0.33 0.29 

3.10 -0.28 0.19 

3.33 -0.25 0.32 
UnlvcnlUcr ' 287 9 Shldcnls 13.6 2.05 Indclennlnalc 0.001 

Tolal 22.832 752 
.%-_I 
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CHAPTER 1 

INTRODUCllON 

'Ibis is an mpirical smdy designed to detVmint thc relalionship b e l w t ~  water pr io  and 
watu use for censin categories of cartomus-wlthin the Southwest Florida Water Management 
Disaict (SWFWMD) sccrvice are?. hacasing water demands together wi& limited and more 
expensive water supplies have i n d  the intwR of water p w e y o n  @ the Of pnCC to 
moderate demand. The rrsulrr of this m d y  uc integrated into a computu ra t  model that can 
assist utilities within the SWEWMD senice m a  (0 - the impacts on waur use and revcnucs 
multing from adoption of dlunativc rate sUuclurcs. 

The resulu of previous m a r c h  provide some guidance on expected price elasticities.' 
Esimales. however. differ widely. The diffmnccs in price elasticities among the v+Ou 
empirical studies are commody aaribuled to diffmnccs in such factors as modeling approach. 
types of customers. climate, and price Icvel. Unfmnately, the lack of consensus on the level 
of price elasticities leaves policy makers with a range that is so large that they offer watcr 
purveyors liule useful information on expected water use changes with respect to price. For a 
utility that is changing i u  rate S ~ C N I C .  the difference b e w n  nssuming an elasticity of -0.2 as 
compared to an elasticity of -0.6 can have a h a t i c  impact on revenues. This uncertainty tends 
to discourage the usc of price BJ aiuanagcment twl. The purpose of this Study is to more 
precisely idenLify price elasticities as a function of price level and other nonprice variables for 
cummers in the SWFWMD x M c e  arca so to Educe U uncenainty. 

A major challenge in conducting this study is to conml for impacrr of nonprice factors 
on water use. Figure 1-1 plou mean watu usc against mean marginal water price Cmduding 
YWCI chargcr when a p p e t c )  for a simple of Single-family homes from 10 different water 
utilities within the SFcrFwMD xMce arc?. ?he sample of homes is described in detail i~..  
Chapor 4. The line that best fits the data (mtrimires the square of ihe vertical deviations) 
clearly shows that as water price increases watu use dea-cdxs. Because watu usc k influenced 
by a variety of factors. however, one needs IO beware of assuming a strict causal relationship. 
Differences in water uy among utilities may. in p a  k caused from differences in other facIOri 
such as weather, irrigation nsuictions. average lot size or wealth: For example. the homes in 
the City of Bradenton have datively low avuagc lot si& (8312 f?). while homes in 
Hillsborough have the highca avuage lot s h  (15529 e). Given that warn usc incrravs with 
lot six.  these obxrvatioar paniaUy explain why single-family midcntial Watr usc within the 
City of Bradenton !ics klow the demand m e  while sin$lc-family rcsjdential water usc in 
Hillsborough lies above the demand curve. This point illuruatrr the nced for a complete analysis 

'A S W C Y  Of water price elsticity snrdics conducted prior to 1984 can be found in Bolvd. 
J. 1.. B. Dzk:iclcwvski. D. D. Baumann. and E M Opiu  Influcncc of Prkc  a d  Rare S m m r c r  
on Municipal M d l n d m d  W m r  USC. u. S. Army Crops of Enginecn Conuact Repon 84-C-2. 
June 1981. 
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1 of watcr YLC with respect to all factors. Much of the c f fM in this smdy gas towads accounting 
for nonprice factors. This controlling for exogenous facton increavs the p&ion and reliability 
of our knowledge of the mponrc of water uy to price. 

Anothei major challenge in conducting this smdy is developing a price specification. In 
many casu. it is not clear what  ex^ 'pricc-fignal" is k ing  rrceived by customers. The price 

water and s c w ~  yrvice depending on how much water they usc in a ~ i ~ i c  billing period. 
Chaptcr 2 a d h s e s  this isrue and prrscnts almativc.price specifications which M then used 
in the water usc models. 

- to which cutomcrs =pond kcomer ambiguous when CuNlmUs arc charged different prices for 

Chapter 3 prescnu a dewription of the ~warch dcdgn The water uy from 01~10mcrs 
wilhin ten different SWFWMD water utilities is analy7.r.d. Although a number of criteria are 
uscd in selccfing which utilities to include. the primary aim iS to include utilities rtprrscnting a 
wide range of water prices. Utilities included in the smdy are from the City of Bradenton, 
Hilkbomugh County, City of Lakeland, City of Lake Placid, Manatee County. City' of 
Sr Pelersburg, Spring w1 Utilities. City of Tampa, City of Yenice. and the Ciry of Winter 
Haven. Becauw price can have a different impact on diffeznt typer of customers. we 
disaggregate Nstomcrs with similar water usc characteristics into different classcs. The impact 
of price on water usc for single-family homes and 10 other distinct user c l a w  is analyzed. 

./-- 

- 
Chapter 4 defuus and summarim the wide variety of data uscd in our analysis. Some 

data come from existing sourcr,~ such as weather data from the National O c w i c  and 
Atmospheric Administration (NOM). 0 t h ~  data are generated rolely for the purposc O f  Lhk 
smdy from telephone and mail surveys. 

Single-family homes IVL: the m a  C O ~ M  UYIS within the SWFWMD. They wounl 
for over thrre quancn of municipal cuslomer~ and one-half of municipal watu usc.' Thcreforc. 
a majority of our CffM is s p t  in esrimating price elasticity for single-family homu. The 
resulu of this portion of the smdy is presented in C b p m  5. The analysis of the impact of p r i a  
on water uy for ten other customer claves including apanmcnts. car washes, colleges and 
universities. clcmcnlary schools. hospitals. laundricg hoteWmotels. nuning homes. o f i a  
buildings. and  taur rants is documenled in Chapter 6. 

. .  

. 
Chapter 7 prrscnts the rcrulu of an analysis of agpgate  watu usc for the City of Winter 

Haven in ordu to determine the price elasticity of agpga tc  demand. The empirically 
detcnnintd price elasticity of aggrtgae demand is compared to the aggregate price elasticity 
calculated by multipl.~g the price elasticities for the various C L I U O ~ U  classes. ar determined in 
O U  micro analysis. by the weighted avenge water usage by each customer clm to determine if 
the resullc LVC cornistent 

'Bwd on derailed records from Tampa and Winter Haven /- 

- ~ - ~ l m  
W'nu 
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Chapter 2 
Price Theory 



PRICE TaEORY 

The fust law of demand in economic theory is that u the price of a commodity inucases 
the quantity demanded Empirical rcv.arch hac Mnsisrcntly shown this relationship to 
be m e  for water. Although the dinction of the relationship is well understood, the precise 
relationship beoucen warcr price and demand is not h some wcs. changes in water price have 
little Mpact on water uy; while in other cases. water use is vcry sensitive to price. 

This chapter reviews issues that are ceria to estimating the relationship between water 
price and water use. The fvst section scu out our objective of mapping out the demand curve 
and defier price elasticity. Subsquenrly, we discus the second law of demand-price elasticity 
is greater in the long run than shon run. Third, some of the uriliti-er included in our investigation 
employ a hlcck rdw pricing swcture and thus we must hypothesizz ar to what price signal 
cutomen arc mponding. We hypothesi22 that rhe customers' perception of block rdtes may be 
more accurately captured in ow models by using 'ramped' ram instead of block=cam. LbsIly. 
we address two estimation problems that arise when analyzing the price impact of block rates 
relating to income cffecu and simultaneity bias. 

- 
Demand C w a  

A demand curve expresses the functional relationship betwecn water price and warer use. 
Such a c w c .  with water pricc on the venical axis and warts use on the horizontal axis. is shown 
on Figure 1-1. A distinctive propmy of a demand curve is that it is negatively sloped, that is. 
as wagr price increases. warcr use dccr&es. 

Economists commonly uy the term 'price elasticity' when referring to Ihe relationship 
between water uy and waur price. Ece clasliciry measuns the percentage change in quantity 
demanded resulting from a one percent change in price. all other factors held constant' That 
is. price elasticity. dcnoLed as q. is defied as: 

.. 

Pcrccntngc C h g c  in Warer Use 
1 Perccnr Ctumgc in price 

' = 

For example. if a warn price increaw of 1 percent lead to a 0.2 prcent reduction in water W. 

price elasticity would be -0.2. 
. .  

4 

'Using cal~ulus. price elasticity at a given point on the demand ~i l iye  equals W/aP * PIQ. 

-m- .5MXWzu!  w-rpI( 
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a rcsult of negalively sloped demand 
-a. price elasticity un vary as a result of various facton. The rype of cuswmer class is one 
such factor. As discused in Chapter 3. we analyze the impact of price on the water use of 
single-family homes and 10 other USCT clarscs. cacb of which may have differently s b p d  
h a n d  curves. Rice level is mother factor. Price eluticity at high water price levels (e.g., 
S64;OOO gallons) be dramaticticany different than u low price levels (e.&. Sl/l.oOO gallons). 
To accommodatc for this possibility. we allow the water demand curves Io lake on a flexible 
functional form. Demand curves are not necwarily. for eurmple. rcshicted w being linear. In 
addition. for single-family cutomen. price elasticity is mcasurrd as a function of different 
properry values. Wealthy people may behave differently to a price i n a c  than nonwealthy 
people. Using this level of detail helps us better customize OUT prediction of the price 
responsiveness of userr within a panicular Sourhwt  Florida Warn Management DirUict 
(SWFWMD) utility in the computer rate model. 

Although price elasticity &mares  M negative, 

We are restricted to estimating that portion of the demand c w e  b e m n  the prices 
charged by utilities in ow study. ranging from S0.40 to 57.05/1.000 gallons. Fomnately, Lhis 
is a relatively wide mge. md should cover most of the prices faced by customen within the 
SWFWMD service m a .  Theoretically. the demand w e  intenects both axes. At some 
exceedingly high water price (e&. 510011,000 gallons). customers would choose not tg pu?cha.% 
any water from a water utility. Customers would obcain water from wclls private suppliers (c.g. 
boded). or other external sources. At the other extreme. a zero price would lead to a surge in 
water Use? Link anentiorris given u) these extreme cases. however. because of their minimal 
practical value. Warn managers are most o k n  concerned with the slope of the demand curve 
in the vicinity of current prices. 

3 
1 
2 

J 

1 

-I 

When a customer's sewer bill is linked directly w water consumption @.e.. not a flat rate). 

the w for all customen receiving sewer service M this snrdy. For single-family customers. 
however. it is common to have a limit on how much water u assessed the quantity or commodity 

both water and sewer charges contribute to the overall price signal sent to customers? Thir is 

ponion of the sewer biu. Typically, the sewer cap is ret at about 10.000 gallonslmonthmome. 
Utilities expect that water use above the cap is for outdoor purposes and, thercforc. is not 

-. 
i returned to the sewer system and should not be considered in compuring the sewer biu. - . 
,J 

'Lake Placid charges a zero price for the fvst 5.000 gallontlmonth. Because this UucshoId 
is commonly exceeded. however, we can not accurately predict what would happen to water use 
if all water wat charged at a zero price (Le.. flat rate), Therefore. we Ut the next lowest price 
of $0.4011.000 gallons as the lower bound. 

'Throughout rhiz ICPOIL reference to water price penains to the combination of water and 

- 
- 

I . .~ - .  . ... . applicable sewer prices. .. - 
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.” -. . ; Short-Run and Long-Run Elrc td ty  . .  . .  

The second law of h a n d  ConCuN short- VUNI lonprun rrrponse to price. Changes 
in watu LLEC mult h m  a combination of kh iv ion l  changes (cg.. not letting the wuer run while 
brushing k th)  and S U U d  Changes kg . .  COllVMing h b p C  h m  ouf garr to XCriUape). 
In the short-run. customers can affect behavioral changes but me limited in their ability to alter 
capital investments in outdoor landscaping and water ming appliances and fumrrs. Once a 
customer makes a watu related investment it kcomes a sunk cosL It may take a long time 
before that investment nceds teplacing. It may take an extlcmc climate fluctuation (e&. h r c )  
before landscaping gets replanted with drought-tolerant ahnat ives  (xuircape). Bathroom 
fnms  (e.g.. toilets) may last for over 30 ycnn. Hence. while price inc- may induce 
customers to act sooner. it may take some customers years to complete dcdnd changes. In 
addition, it may u k e  a customer a number of billing cyclcs just to understand the ramifcations 
of a rate smcm change Because of thcse factors, price elasticity can be expected to be g n a t u  
in the long run than in the shon run.’ 

.. .- 

- Au utilities analyzed in this study had relatively constant prices. after adjusting for 
inflation. during the study period. As a consequence. price elasticitics cstimated in this study are 
long-mn in n a m .  Customers have had years to adjust their water udng behavior. f u m  and 
landscaping to desired levels. Because of the absence of signifcant price changes during the 
study period. it was not possible IO me- shon-mn price elasticities. 

With block rates. a customer pays a different unit price with increasing incremenu of 
watu use during a billing period. In the SWFWMD wnice area. the pruence of increasing 
block rates arc common. Watu  gets progrrSrively more expensive with inmasing use. 

In contmL sew p r i m  arc uniform. A given customer pays the same price for each unit . 
of water.’ For single-family customers. however. the presence of sewer caps effectively create 
declining block rates. Once watu use exceeds a given threshold mounL the marginal sewer 
price becomes ZCIO. The combination of watu and sewer charges can lead to a multitude of 
price signals. < 

‘carver, P. H.. and J. 1. Boland. Short- and Long-Run Effects of Price on Municipal water 
Demand. Warcr Rcsourccs Rcscarch. 16(4). 609-616. 1980. 

% I C  price paid among customers. howcvcr. can differ. In some utilities (e.g. SpMg W) 
commercial clarr categories with higher wastewater concenvations of suspended solids (SS) and 
biochemical oxygen demand (BOD) pay a higher unit price than residential cutomen. 

MuY--l)l-.I.m 
w = m  
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Figure 2-1 shows combined water and sewer p r i m  for Single-family homes wirhin the 
Len utilities included in this sNdy. A grrat variation in price erirtr! HiUsbomugh has the 
highest combined price at S7.OYI.oM) gallons. When Wale1 uy cxcecds the sewer cap of 
8.000gallonu'month. however. price diops as it consists only of the water charge of 
$1.80/1,000 galloar Venice. on the other hand. has no sewer cap. Itr relatively high priced 
water quafs $621 for all UaiK of water sold. On Ibe low cnd is Lakc Placid w h a t  walcr price 
is zero for the fin1 5.000 gallordmonth and SOdO/l.MH) gallons thcrcafw. Appendix A listr the 
water Md Y W  p r i m  for each utility over the SNdy pnOd. _- .- .. 

Blodr or Ramped Rats 

With multiple pr im.  it is i m p o m t  10 determine what overall price signal is being Scnt 
to customers. Obviously. marginal price is a relevant price signal. Marginal price q u a l s  the 
price paid by a customer for the last unit of walcr bought during a billing period. For cuswmers 
considering reducing their wakr use by 1 UNL mxrginal price qualr 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 
swclue. for example, a cusinmer that would olhenvisc be in the second block may remain in 

- h e  lower priced first block because thal customcr does not want IO pay the higher second block 
price for the next unit of waler use. In this case, marginal price equals the fusl block price. The 
second block price, however, had an influence in keeping lhis customer in the frst block. Hence. 
the xcond block price is parl of the price information to which that cu~tomcr responds. 

Converwly. customers barely entuing the second block may be influenced by price in the 

may only have a vague notion if they M going lo enKr a second block in a given billing period. 
especially at the beginning of a billing period. Hence even if they cnd up entering the second 
block resulting uncutaiary may have led them 10 perceive a lower marginal water price. 

To Est the hypothesis that customers xspond to a combmation.of block prices. we create 
an alternative price spcdficatio-ped marginal price. As a customer  move^ towardr a block 
rhrrshold. the price in the fmt block becomes less imponant and the price in the second block 
bccomcs more i m p a m L  When a customer is at the rhrrrhold. prices from both blDcrs at given 
qual weighr Fininslly. JS a cusiomc gofs beyond the thrcshhold. the influence of the fml block 
price proaWivcly diminishes to zero. Where should the m p s  begin and end? This is a 
qUW.iOn ha1 must be answered by analyzing the dam. Ramps M set a1 different intervals away 
from the block threshold. a1 plus and minus 1. 2. 3.4, and 5 thousand gallonslmonth per home. 

" nonm&ginal fmt block. Waler customers often make decisions without perfect information and - 

%e price variation is larger than that s h o w  in Figure 2-1 Lf 40 percent of Single family 
hOmU do no1 receive and hence M not charged for YWU service. 

.. 



X
 X
 

- 

8 v) 
N

 

8 R 

2-5 

,8 Y) 0
 



P 

2-6 

To illustrate the concepc Fig& 2-2 shows the l~cation of the ramps for a utiliry with an 
inclining two-block ne mc!wc. It has been scnrmed that the ramps M Linear. 

It is incutsting to note that as a e  ramps get longer. ramped price kcomes closer to 
average price. Some n v v c h c n  have p r e f e d  10 use average price in their models b e d  on 
the idcar expressed above for ramped ratcs. E, on the otha hand, Ihc data support vcry shon 
ramps. then marginal price is the price signal be-mg received. lframps arc modene  in length. 
then for some m t o m m  marginal price is the but indicator (cutomcn no! near a block 
threshold) and some rype of average price is best for others (crruomm near a blXk threshold). 

Bill Differena 

In the context of electricity demand, Taylor and Nordin' developed an income contcdon, 
known as a bill difference variable. for customcn facing block rate pricing sUucoJres. 
Essentially. the bill difference variable is an income variable measuring additions or subvactions 
IO consumer income arising fmm differences in block ram and fued charges. Most recent 
empirical demand analyses 8swxiatcd with water and e l e c ~ c  ulilities Ir*ng block rate pricing. 
incorporate a bill difference term in their models.' 

To illustrate. assume two identical customers facing the same marginal water price but 
different rate s m c ~ s .  The fmt customer faces a uniform rate where all water is chaFged at 
price P, and where the resulting water quantity demanded is Q as shown on Figwe 1-3. The 
second customer. facing an increasing two-block n u  s w c ~ ~ r e .  pays the lower price P, for water 
up to Q, and price P, for warn above that amounL Both customers pay the same marginal pricr. 
The second wtomer 's  warn bill, however. is lower by p2 - P,)*Q, because of the lower priced 
fmt block This cEates a relative incrcase in disposable income which can bc used to buy morc 
goods. If water and income are positively related, the second customer will buy morc water 
moving out to Q. Thus. given identical customers facing the same marginal price. diifercnccs 
in rate S ~ C N T C S  can cause different demands for water. In a similar manner. dcmasing block 
rate S ~ C N I C J  lead to relative dcchaws in disposable income. Differences in the fixed biU 
(monthly service charge) among ulilitics can also lead to income effectr. 

Taylor. L. D.. The Demand for Elecuicity: A Survey, Bell l o u d  of E c o ~ m i c s .  6(1). 7\4- 
110.1975; Nordin. J. A. A Roposcd Modification of Taylor's Demand Analysis: CommenL Bell 
Journal of EcoMmics. 7(2). 719-721, 1976. 

'For example. Agthc. D. E.. and R. B. BilE.ngs. Dynamic Model of Residential Water 
Demand. Watcr Rcsourccs Rcscurcb, 16(3). 476480. 1980; Howc. C. W.. The Impact of Rice 
on Residential Water Demand: Some New Insigh&. Wnrcr Rrsourccs Rrscnrch. lB(4). 713-716. 
1982. . .. . .. . .... - . . ~ -  
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FIGURE 2-3. BILL DIFFERENCE ILLUSTRATION 
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To account for thcw income effccts. rtoarchcn have urcd 1 bill difference variable 
dcfmed u the difierrocx benveu, a Customer's WdI w?JK bill (induding rued charge) and the 
mount paid if a l l  water is purchased It the mlrginrl price (excluding fucd charge). This biU 
difference variable can be subuacted from the wealth variable in the dunand quation 10 effect 
the c m c t i o n  as is done in Chapter 5. 

.7 
- 1  

... Simultaneous Equation Bias 

Block ntc( also complicau the estimation pmcrs by mating an endogenous relationship 
beween water uy and waur price. Bared on the k t  law of demand. water usc is negatively 
relaud to waur price. With block nrcf. however. water prim also changes depending on water 
uy. ?his recursive relationship violaus one of the assumptions of regretson analysis' and can 
l a d  to biased cocffjcienrs. 

Researchers have employed insmmental variables of marginal price to c o m a  for this 
type of endogenous rc1ationship.l' The instrumental variable, which is highly correlated with 
marginal price but not correlated with the error tcrm of the demand quation, i s  typically 
consmcted using simulmcous equations. The Grst quation f2-I] consisrs of the suucrural 
demand quation where water uy is a function of a vector of coetfrcienu (PI). marginal price 
W) and a vcctor of other explanatory variables (X). In the second quation 12-21, MP is a 
function of a vector of coefIicienrs @2), block prices and waur use. - ,--- 

r2-11 
12-21 

WATER USE 
MP 

= f(P1. MP. X) 
= f(g2. BLOCK PRICES, WATER USE) 

Typically, a twc-stage least squares approach is used to estimate this syswm of quations. The 
second quation is cstimaud fxst to obtain an i n smen ta l  variable of marginal price. The 
instrumental variable is then substimud for marginal price in 12-11 and that equation estimated. 
'IX procedure ?'?.moves the simulmeiry bias. 

. 

me violation is that the price explanatory variable and the residual term are no longer 

Agthc. D. E. R E. Billings. J. L. Dobra. and K Rafficcc. A Simultsncous Equation 
Demand Model for Block Ram. Worer Rcsources Rescorch. 22(1). 1-4, 1986: Chicoine. D. L. 
S. C Dcller. and G. Rarnmunhy, Water Demand Erlimation Under Block Raw pricing: A 
Simultsneour Equation Approach, W o w  RcsourcesReseorch. 22(6), 859-863. 1986: Jones. c. 
v.. and J. R Morris. Instrumental price Estimales and Residential Waur Demand. Water 

uncomlated. 

10 

c. 3 Resources Rcscarch. 20(2). 197-202. 1984. 

M U 1 L . U I X Y T l l i . L i Y O O W . X . n  
c - *m 
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The bill difference variable 3so hpr an endogenous relationship with water w. This 
pmblcm CM be handled in an d o g o u r  manner by mating L third equation to obtain an 
& m e n t a l  variable for the bill difference (BD) variable. We used lbis two-stage approach in 
-timating the single-family models desiribed in ChapEr 5. 

3 

3 

1 
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RESEARCH DESIGN 

A proper nsearch den’@ is critical in rccllntcly deurmining the relationship betwfm 
water price and water ILY. Major design decisions include (1) what wakr uhlitics to include. 
(2) what spccilic customer clarses to analyze. and (3) what statistical approach to use IO mUJun 
the ~ P Y U  of priu. These issues PIC d u d  in th3 cbap t~ .  Aoother.design hue .  what 
astomen within each utiliry and within ench class ta include in the study, is discuswd in  
Chapter 4. 

I 
I 
1 
I 
I 

utility Se1sction 

S o u t h w c z t n o r i & W a ~ M a n a g e m e n t D i s t r i c t ( S ~ )  staffandBrown andCaldwcU 
jointly selected 10 utilities to pankipate in the sNdy. A numkr of Riteria arc used in the - 
sclection proccss. Because the objective of Lhis SNdy is ta estimate price elasticity. the mOSt 
important criterion is to obtain utilities with diffcrcnt water prices. A divene and wide mging  
set of wateipriccs increases OUT ability u) diwem the influence of water price. ALra sought BTr 
utiliticr from different regions of the SWFKMD Vniu m a .  those interested and capable of 
providing water mc data. some with shaflow groundwater levels, some overlying deep sand soils. 
and at least one private utility. Bared on these criteria the utilities listed in Table 3-1 were 
selected for inclusion in the study. figure 3-1 shows their location within the SWRVMD servicc 
m a .  

i 
n 

j ,  
I 

Cusiarner Disaggregation 

Because water price affccls different customers in differrnt ways, we.sNdy spccfic 
clbues of water users. single-family homes m by far the largest c- of cutomen within thc 
SWFWMD service a m  comprisiig over three quwrs of the talal number of customers and 
about one-half of the tolal water use.‘ Ar a coasqucnce. we spent r major ponion Of OUT cffofl 
csrimaling the price rcsponw for h i s  customer claw. Thir eEon is described in ChaptU 5. 

1 

i 

We also analyu: water use for ~ u r  other customer clatscs. We select classes that we 
believe to k relatively common within the SWFWMD service area and. therefore. reprcvnl a 
significant amount of the aontingle-fmily water use wihin each utility and within the Dirtric~ 
Consideration is alw given to selceling c l w  that would serve BS good indicators for other 
Simi lar  rrpes of customers based on OUT judgmenr ’Ihe c l w  xlccted arc listed in Table 3-2. 



3-2 

Table 3.1 Pnrliupnting Utilities 

No. Utility County 1590 Population Private Urility 

1 City of Bradenton Manatee . 44303 No 
1 HiUsbornugh County Hillsbornugh 130,149 No 

3 Ciry of Lakeland POk 118,507 No 

P - 

City of Lake Placid Highlands 

ManaKe County ManaKe 

City of SL PeKrsburg PinellS 

SpringHillUlilities Hemando 

City of Tampa Hillsborough 
Cig of Venice S K S O l a  

4.410 

190.240 

No 
No 

282.392 No 
52.187 Y er 

468.458 No 
18.079 NO 

- 10 City of Winter Haven Polk 30.01 1 NO 

. . .  
, . .:... : . 

d 
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Figure 3.1 Location of Water Utilities 
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Table 3.2 other Customer Classes 

SIC Code Description No. 
1 Appanmmrt 

7542 

806 

701 

721 

805 

81 

5812 

821 

car W d c r  

Hospitals 

HorcWh4oUls 

UundromaS 

Nusing Homes 

Offics Buildings - 

RCStaWS 

Schools (Elementary) 
10 822 Universities and Colleges 

Chapter 6 covcrs the analysis of the impact of price on waur use for these customer c l a s ~ r  

.. ... . . . . .. 

.. 
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L. -1 statistid Approach 

To mcasure the impact of wafcr price on water we, water use models (regression 
quat iom) M developed. On the kfi hand side of such an equation is wafcr ux. On lhc right 
side M a vector of coefficients (p), explanatory variables 00. and a residual m. 

W A E R  = f(B. X) + RESIDUAL [3-11 

R e p s i o n  analysis e s h a t c s  the coefficients that k r t  uplain water use given thc cxplanalory 
variablu. Gmcnlly. this is done by fvrding the set of coefficicnu that minimize the variance 
(least squares) of the midual turn. Using this approach. we estimate the impact of water price 
while conmUng for other identified influences. 

The modeling pr~ccss  consists of three major steps: identification. estimation. and 
verification. The identification srage concerns selection of the cxplanatoly variables and the 
functional form of the model. This srage requires a m u  of reasoning and experimenling. Based 
on naroning. wc fmt identify likely explanatory variables. For example. we obviously expect 
outdoor irrigation to increase with hof. dry weather and demase with cool. wet weather. Hence. 
OUI models include weather variables. In addition, it is obvious thar outdoor irrigation .increases 
with irrigable area and indoor use with number of occupants. In some cays. however, it is not 
clear which of among x v c d  alternative cxplanatory variables is most appropriate. For example. 
as diwusxd in Chapter 2. we have different hypotheses regarding the length of the ramp needed 

e$ in COnsUucting the ramped marginal price when block ntes cxisL We experiment 10 see which 
'.' price specification w o r k  besr 

Regarding the functional form of the models, we allow for a flexible functional form that 
can caprun both nonlinear relationships and interactions among variables. In the pas& linear 
waer  use models have been popular because their eslimation is compurationally casy. Advances 

to specify nonlincar models allowing for a more derailed mapping of the demand c w c .  
in computer hardware and sofware. however. have made it increasingly possible formearchers ~. 

E s h a t i o n  of the coefficients in the models is done using nonlinear least squares. If 
ceMin assumptiom bold. thcn b a u d  coefficients take on the desirable propenies of k i n g  
consisten\ asymptotically efficient and asymptotically normally disuibuted.' Ar pa17 of the 
verification prwss .  we tcft 10 set if the residuals arc independently. identically. and normally 
diG5buted. Tiansformatiom lo correct for assumption violations M made as necessary. We also 
COrreCt for simulmciry bias as dcwrikd in Chapter 2. 

'Judge, G.G.. W.E. Giffiths. R.C. Hill. H. Lulkcpohl. and T. Lee, 1985. The Theory and 
c. Practice of Econometrics. 2nd Edition. John Wilcy md Sons. New York. Ncw York. 

M U K - m v . l  .m 
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CHAPTER 4 

DATA COLLECITON 

The data u u d  in this study comes from a variety of SOUTCCS. In this chapter. we first 
desuibe data common to both the single-family water uy models presented in Chapter 5 and the 
commcrrial w a w  use models prevnted in C h p w  6. Tne data common to all customer clar~es 
includcs w a w  uu. weather and soils. irrigation mniclions. and groundwater deptb Rice is 
covend in Chapter 2. F a y .  we discuss data specific to each customer cw. 

Water Use 

W a w  uy data comes from meter recordings made by the utilities for billing purpous. 
In most c a s i ,  meter reads are made at monthly inwrvals. Exceptions include Tampa which reads 
i s  meten bimonthly and Venice which reads some of icr meters quarterly. The bimonthly and 
q u m l y  readings an convened into monthly observations by assuming that w a w  use ~ c c u r s  
uniformly beween reads. 

The utilities w e n  asked to provide water data for thc four year period July 1988 10 June 
1992. Although all uIiIities had the mosi recent data. some did not have data for earlier months. 
Table 4-1 shows the periods for which warer use was provided by each utility. Utilitie~also 
provided information on which cILI1omcrs receive sewer service and which cuslomers have 
irrigation meten. For customers with irrigation rnclen, we combine water and inigation m e w  
water use. Our sample includcs 18 single-family customers with im'gation meten.' 

We eliminate wafcr uy obwrvations that arc either z r o  or over 10 times the average 
water uy for that customer. Thh removes periods when a pmperry was vacant or unusual 
periods such as when a water leak occurred. 

Weather and Soils 

We calculafc monthly u u f p s  evapovanrpintion 0. effectice rainfall (ER). and net 
irrigation requirement (NIR) over the study period for each utility. Weather slatiom selected to 
represent each utility M shown in Table 4-2. Each utility har a National Oceanic and 
Amosphcric Administration ( N O M )  rain and temperam gauge locawd ncar or wilhin their 
service area. We uy two stations for Tampa depending upon which station is closer to a 
PaniCUlar cusromer. To calculate ET, we also need solar radiation and wind speed which ~ not 

'As all 18 cuslomm received sewer service from a utiliry. i1 is unclear whether w a w  or 
combined water and sewer price should be assigned IO thew customers. We set price cqual~to 
the average of the two. 

..rrr 
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Table 4-1 Water Use His tons  

UtilirY PCIiOd 

Bndenton Feb-89 IO Jun-92 . 
HiUsbomugh 

Lakeland 

Lake Placid 

Manate  

St Peterburg 

spring m 
Tampa 

Venice 

kl-E8 lo Jtm-92 

Sep-89 IO Jun-92 

Aug-89 to Jun-92 

Jul-88 lo Jun-92 

Dec-88 IO Jun-92 

Jul-88 10 Jun.92 

Jan-91 to Jun-92 

Jul-88 10 Jtm-92 

Wirier Haven Ocl-90 10 Jun-92 
7 P d 

Table 4-2 Weather Station$ - 
Utility Temperam and Rainfall Solar Iladiation and Wind 

Bradenton 

Hillsborough 

LaIreland 

Lake Placid 

Manawe 

SL Pemburg  

spring Hiu 
Tampa 

Venice 

Winur Haven 

Bradenton 5 ESE 
Temple Terrace 
Lakeland 

Archbold Biologic 

Bradenton 5 ESE 
SL Pemburg 
Weeki Wachce 

Tampa ARFT & Temple 
TmCe 

Venice 

Winter Haven - 

Bradenton 5 ESE 
Bradenton 

Lake Mired 

Avon Park 
Bradenton 5 ESE 
Bndenton 5 ESE 

SWFWMD 

Bradenton 

Bndenton 5 ESE 

Lake Alfred 

. .  .. . .  - . . . .... - :  . ,  
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-3 mwurcd at most stations. For each utility. we assign a nearby N O M  or S'WFKMD weather 
station that does mesure soh radiation and wind speed. If a nation has a missing observation. 
we uy the next closert station to obtain II substitute value. 

: 

In calculating ER we include the effect of the type of soil as a factor. Turfgrass planted 
in deep sand soils. which are highly permeable, canoot rerain prccipitation in the root zone as 
well as other soils. As a consequence, ley rnin bizomcs effective in offsetting ET. Using the 
Florida Genenl Soils A m  published by the Florida D e p m e n t  of Adminiswtion in 1975. we 
idcnrify deep sand soils as those clrssifed as area dominated by sandy draughty soils not subject 
to flooding. Customen in Hillsborough. LaLcLyd. Ldkc Placid. Spring Hill. and pans of SL 
Petersburg overlie deep sand soils. Other areas predominately have sandy loam soils. 
Appendix B contains the formuks used to calculale ET, ER. and NIR and lisS monthly values 
of the wcather panmeters used in the calculations for a c h  utility. 

... 

Figure 4-1 plots ET. rain. and NIR by month over the study period. ET has a distinca 
consistent waronal pattern: low in the winter arid high in thc summer. ET for &grass averages 
41 inches per year over all utilitiu.' Average annual rainfall equals 51 inches per year, over 
half which comes in the summer months June through Septcmber t y p i d y  fr-am convective 
thundershowers. However. lcrs than half of the rainfall, about 18 inches, is effective in reducing 
ET. Rain Oom large rainfall event(. which are common. ends to get lost as runoff or percolate 
part the shallow root-zone of ntrfgrass. In conuast to ET. rainfall is variable. A utility can 
cxpericnce signifcan1 deviations in iu  normal seasonal patern (e.g.. May 1991). ln addition. 
there are significant differenccr in the amoun1 of rainfall among the urilities. NLR equals the 
difference between ET and ER and averages about 23 inches per year over the sNdy period.' 
ln general. NIR peak5 in the spring monrhs Way) and then again to a lesscr extent, aftcr thc 
summer rains;in fall (October). Bccausc rain is variable. NIR is also variable. 

Irrigation Restrictions 

Irrigation resvictions arc an imponant consideration in Uis study. In responw to drought 
conditionr. the SWFWMD has at times mandated irrigation resvictions h i r i n g  when municipal 
irrigation (e&. lawn waming) can takc place. Limitt include both time-of-day and day-of-wcck 
rcsuictions. Restrictions do not limit the amount of water a customer can uy for inigation 
during allowable h e r .  

Table 4-3 lins the irrigation rcsuictions in cfIect OVCI the study period for each of the 
utilities. Restrictions were most s c v m  in the spring of 1991. 

c. 

~~ 

weather averages are computcd over a 4-year study period and may differ from long-term 

'Becauy Of management and mechanical ineffciencicc with sprinkler irrigation systcms. 

normals. 

ii- e-:. 2 actual water use is probably significanuy higher than NIR indicaes. 

"'*UYDO--w4m 
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m m m 70 
m m m m 
m m m m 
m m m m 
71 71 71 71 
71 71 71 71 
31 71 71 71 
31 71 71 71 
31 71 71 71 
31 71 71 71 
31 71 71 71 

m m m m m m 
m m m m m m 
m m m m m m 
m m m m m 70 
71 71 m 71 2d 71 
71 71 m 71 26 . 71 
31 71 m 71 Id 71 
31 71 71 31 24 71 

71 31 31 71 
31 71 71 31 31 71 
31 

31 71 71 31 31 ' 71 

71 

31 
31 
31 
31 
31 
31 
31 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
23 
23 

23 
21 
72 
72 
72 
R 
72 

n 

31 
31 
31 
31 
31 
31 
31 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
13 
13 
13 
13 
11 
21 
71 
71 
71 
71 

31 
31 
31- 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
23 
23 
23 
23 
21 
R 

72 

R 

72 

n 

31 31 31 71 31 31 31 
31 31 31 71 31 31 31 
31 31 31 71 31 31 31 
31 31 31 31 31 31 31 
31 31 31 31 31 31 31 
31 31 31 31 31 31 31 
31 31 31 31 31 31 31 
31 21 21 31 21 21 31 
31 21 21 31 21 21 31 
31 . 21 21 31 21 21 31 
31 21 21 31 21 21 31 
31 21 ?1 31 21 21 31 
31 21 21 31 I 1  21 31 
31 21 m 31 21 21 31 
31 21 21 31 21 21 31 
31 21 21 31 21 21 31 
31 21 m 31 " 11 21 31 
31 21 m 31 21 21 31 
23 23 13 23 13 23 23 
23 23 13 23 13 23 23 
23 n 13 23 13 23 23 
23 23 13 23 13 23 23 
21 21 21 21 21 21 21 
R 77 72 72 31 71 72 
R 72 72 72 31 71 72 
R 72 72 R 31 71 72 
R 72 . 72 72 31 71 72 
72 72 72 72 31 71 72 



4-6 



4-7 -. _. GroundwaLerDepth 

For custnmers within cwrain regions of the S m .  installation of an irrigation well 
CM be an annctive alurnative.tn buying utility water for irrigation Groundwater serves as a 
s o m e  substitute. In regions that have shallow wafer tablcs. installation of wells is most 
aanctive. L( driuing and pvmping costs M m W d .  In Lakeland and Sr Petusburg, for 
example, numcmm wells exist that arc leu than-50 feet in depth. While ririr water cau be 
inexpensive. it is o f m  high in organics and nonpotable. It is common. therefore. for m t o m m  
tn drill shallow wells only for irrigation purpoys and tn purchase potable water from a uriliry. 
In conuass water mtnmers in areas without m y  ac~ess to groundwater M much more reliant 
on ulility water. Table 4-4 shows well depthr reporred ta the SWFWMD from 1987 to 1991 for 
wells up In 4 inches in diameter. We use the average well depth as an explanatory variable in 
OUT models (ree Appendix E). 

SINGLEFAMILY HOMES 

- 
Data specifically concerning single-family homes came from three sources: the 1990 US. 

Census, the county w assessor, and a lclephone survey. 

L-: .s) 1990 US. Census 

From each utility. we picked 20 sfnet blocks conraining single-family homes. The 
selection process involved two criteria. both bawd on review of information in the 1990 Census 
of Population and Housing Summary Tape Fde 1A (STF 1A) produced by the US. Depanment 
of Commerce, Bureau of the Census. Fms we chose blocks whose housing stock is at least 

values o w  all blocks in each utility M in proponion to the owner-specified properly values in 
the SWFWMD wn ice  area as a whole. This is done 50 that we would get a consistent baJance 
of low. medium. and high value housing among utilities. ' 

We Obtained address ranges for the homu on cach block by*consulling geographic 

90 percent single-family homes. Nexf we selecwd blocks so that the owner-specified property . .  

information Vstun (GISS) computer maps bawd on counry 1990 US. Census TIGER fdes. 

County Tar Recordr 

Each county in Florida maintains w asessor records available to the public. Using the 
address rang= obtained fmm the GIS maps, we went IO various county mx ~ s y s s o r  oficcs and 
retrieved specific sweet addnrses, assessed propury values..lor si=. house size. and pool 
information for each single-family home in OUT study. The number of customers wi(h taX 
asssor records is 2.814. 

~---DoLw...m 
- - - cub- 
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Toble 4-4. Groundwater Wen Deplhs and SOU Type I - 
Hn,- M l W  

Ullll" Olodmlon bmough Lobeland Ldco 4odd Manolee El.Pele sphgllil Tampa V d c e  Hwm 

10wddp 35 29 28 36 35 31 23 29 39 28 
n-0 17 20 2311124 29 17 16 I7 I8 19 26 

We8Deplh(leell 
on 0 0 0 0 0 163 0 0 2 0 
2b.M I 1 o m  I 117 124 2 4 44 
51.15 1 0 .2 44 1 0 256 5 23 12 
x.100 43 . 9 1 6 43 4 326 3 14 0 
101.125 50 8 1 4 50 6 322 9 13. 5 
hb1M 13 15 4 4 13 15 131 11 29 5 
1'51. I15 9 21 1 5 9 14 39 4 . 9  8 
llbXa 7 22 3 1 7 39 33 IO 6 8 
m 17 42 19 1 17 36 49 1 1  11 40 
Told Web 141 118 31 27 1 I41 394 1280 55 I 1 1  122 
A u e h ~ l h  127 176 190 49 127 69 ICU 149 121 127 

sol 0 '  1 1 1 0 0 I 0 0 1 

Inlgollon wen deplhs repoiled lo S W M D  over 1987-91 lor welf equol lo M less lhan 4' In dloineler. 

Sol lype deIlnHlons uilng Flollda General Solls Allos lor selecled slngle-fomlly blocks: 
I = oreos domlnoled by sandy droughly solls not sublecl lo lloodlng 
0 = olherwlse 
'Sol1 Type = I lor SI Pelersbur~ dwle fomlly block 22503 

c___I 

n m  
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To frnd out specific information about individual Single-family homes. we dcsigned and 
conducted a telephone s w e y  in SepUmber 1992. USmg the Street addrrvcr from the County 
tpx assessor recorbt. we consulted reverse telephone directories which list telephone numbers by 
street addws. 

The s w c y  provides information concerning septic systems. outdoor irrigation systcms. 
nclaimed waur. irrigation web.  home ownership. number of occupan&. prescmc of a pool. 
presence of different water fixtures. properry value, and household income. We successfully 
contacted and obtained completed s w c y s  fmm 1213 of the 2.814 single-family CuStomers for 
wfuch we had County tax ssesS3r data. We believe thh 43 penen1 response rdtc iC high for this 
type of s w e y .  Appendix C includes the s w e y  and a summary of responses. A summary of 
the majority responws is presented in Table 4-5. 

Table 4-5 Summay of Single-Fa_mily Telephone Survey 

Question 

Use hosc-baud irrigation systems? 

Have irrigation well? 

Own home? 

Lived in home for over 4 years? 

Have pool? 

Have clothes washing machine? 

Have dish washer? 

34 

95 

85 

20 

1,"" 

Funhermore. a low of 13 customers responded that they receive reclaimed wastewaer 
for irrigation purposes. We excluded these cuslorners from the analysis leaving 1.200 CUtOmCIS 
in OUI data bast. For customers having in-ground irrigation sysums. irrigation h e r s .  irrigation 
wells. and pools. we asked if they had been inslalied 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 time series obwrvatio?. 

j 
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To gauge a customer's wealth. the nWey rrkcd the occupant to selccl one of ten ranges 
of propmy values and one of nine nngrc of household income. We encountered cuSIOmer 
reluctance IO disclox such information. c s p e d l y  income. Only 87 puccnf M S W C ~  the 
propmy value question and only 65 pncnt  m w m d  the income quenion. 

Fonuuuely. we rLr0 have property values obtained fmm county tax -1 iuorbc. We 
w ihis source in OUT models for two rcsons,. FVSS the tax recordr provide property values for 
all homes. Second. we regard tax LIsess(v data to bc more consistently mearvrcd among 
cusmmen thso what we elicit from the telephone survey. 

It may be useful, however. 10 h o w  the relationship between the propeny v a l w  obtained 

obtained from the County lax -01 M corrclatcd with both the property values and income 
obraincd from those cutomen answering the comsponding telephone survey questions' and 
from the properry values o b h e d  from the U.S. Census. using ordinary least squans regression. 
'The results are prrsened in the relations set fonh klOw. 

. .  

from the tax asscsor and othu wealth variables for pknning purposes. Tbe property values < 

- PVTELE, = 23,763 + 0.933a5*pv-r~  R'=0.47 N=1054 r4-11 
INCOME, = 21.966 + 0.3486*PVTG R'd.18 N=786 L4-21 
PVCENSUS, = 1.1447.PVTW R'=0.20 N=1,200 [4-31 

wherc. - 
PVELE, = p r o m  value of home i from telephone survey (mcanS81.082) 
PWA& = property value of home i from county tax records (mean4160.696) 
INCOME, = annurl household income for home i from telephone survey (mcan-342,955) 
PVCENSUS, = median owner-specified property value within block group of home i from 1990 

US.  Census (mcan=S79,413) 

As expected. all thrce wealth measures have a positive cornlation with property v a l m  
oblaincd from the County tax 1)ssessor (ic.. all coeffcicnt are grater than m at the I penml 
significance level). The County fax pssesyl~ values. however, M below those found by k 
survey and Census. Iht mean pro- value from ta records is 560.696 and the mcan propeny 
values from the survey and US. Census am 581.082 and 579,413 rcspectivcly. Because of thcv 
differences. utilities cannot simply substitute survey or Census property values for tax a s s o r  
property values when calculating price elasticity. As the mul& of Chapter 5 show. pncc 
clarticiry changes with property value. 

'Becaw the telephone questions about wealth are categorical. we arsume property and 
income values M half way bcnvcen the defmed nnges. For example, if a customer answers that 
property value is bcwcen S160.000 and 580.000. then propeny value is set Io 570.000 in the 

~ . . . _. . . ~. .. regression analysis. . .  

mL.x--.rn 
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In most applications of our results. howew.  Ccncrrr Sonnat ion may be the only readily 
available source. Utilities can w this dam but only after it is transformed to bccome 
wmmensurate with County tax B~SCSSSOI propeny values. In this c d ~ ~ .  this can k accomplished 
by using equation W31. 

- 
- ?  

I 

COMMERCML U S E S  
. .  .. . .. 

For commercial customers. information on-individual customers comes from the resulu 
of a mail survey. general. the surveys elicit information regarding number of uniu (e.g., 
apanment uniu, rcsauranf seas. hospital beds). business hours. searonality. and outdoor 
irrigation. Details varied to some degree among clarses and. therefore. a unique survey is 
designed for each clasr. 7he s w c y s  and summaries oPresponws are presented in Appendix D. 
This information is used in developing the explanatory variables for water use in Chapter 6. 

We decided that using a mail survey was the besl way to gaLhcr this information. Some 
s w c y  questions. namely questions eliciting searontl b u s i n s  pancms. are believed ID be to0 
detailed for a rclephonc survey. To improve accuracy. we wanted the mpondent to have time 
10 read and reread questions and to be able 10 check wrincn records or other sources Of 
information. For schools and univem.tier. we oblained student enrollment from the Florida 3 Depanmcnt of Education. - 

.... 
Regarding sample s k .  our goal is to obtain s w e y  and water uy data for a1 least 

100 customers in each of the 10 commercial clasws. To ansin a wide warcr price variation. we 
want the sample to be balanced over the urilitics as besf as possible. 

Consulting commemial telephone directories, we sought ID randomly select 30 cuslomm 
from each class and from each utility ID send mail swcys .  For most classu. however. 
30 candidate customers do not exist within the service a n a  of a uriIiry. For hospitals. for 
example. only 61 customers an identifed ovcr all utilities. In these cases, we survey all the 
cusfomcrs available. 

Tnt mail surveys were sent out by SWFWMD staff in July 1952. For those failing ID 
respond. a follow-up mailing was made i n  August 1992. Prebinary results showed OUT sample 
Size ID be Smaller than expcteff and as a consequence. we selected additional candidate 
customers and sent out another mailing in March 1993. 

'For 16.7 pcrcent of the commercial cusiomm to.which we sen1 surveys. we m i v e d  a 
completed mail survey but could not obtain mathing water use. This loss w u n e d  because a 
U t i l i t y  could not match the name and address we gave them to the corresponding billing aCCOUn1 

iQ (cspecidly spring Ha and winter Haven). Brown and CaldwcU also inadvcmnrly sent mail 
Surveys 10 some customers located just outside of fhe mzeted utilities' service boundaries. 

n 
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For the mlomers sen1 mail surveys. m sen1 m e  and addrrv listings 10 each 
comsponding uUty requesting warn billing hklories. We 0b-d warm use and survey ddta 
for 752 customers. Table 4.5 shows a summary of Ihe numkr of customers by drrs aud uUcy. 

.... ... 
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RESULTS FOR SINGLEFAMlLY CUSTOMERS 

This chapter describes OUT investigation of the prict elasticity of water demand for single- 
family midential customets. We w regl tshn aylysis U, detUminc the functional relationship 
between water usz and a set of explanatory variables including price. The analysis incorporates 
water use. water and  sewer price, weather. irdgation rrmictions. well depths, data from County 
tax a~sessors records. and telephone s w e y  data for 1.200 homes as described in Chapter 4. 
Various camhinations of explanatory variables togcthcr with models of diffemtt functional form 
are considehd. This cbapter desuiks the model whose price elasticity rr,suls we recommend 
k incorporated into the consewation promoting water rate structure computer program. 

Model FuncLional Form 

We incorporate three features into the functional form of the water use modci. Fins the 
model mu11 be flexible in mapping the demand function. Rice elasticity may vary significanrly 
with price level and. as a r e s u l ~  the demand c w c  must be plianr' 

Second. the model can Dear nonprice explanatory variables as either shiften or 
uansformers of the demand c w c .  When an explanatory variable is a shifter, it moves the entire 
demand curve to the left or righidepending on ill value In OUT model, shiften do nor alter price 
elasticity because they do not change the slope of the demand curve. A wansformer. in conuast. 
changes the slope of the demand curve. In OUT model. properq value acIs as a tansformer. At 
a given water price. we kst to see if price elastiaty varies among customers with different 
properly values. This f e a m  is imponanr for planning purposes. High and low income 
communities may have diffmnt mponses to an identical price change. 

The third f eawe  of this model is that it measures the percentage change in warn use 
occurring from changes in CMain explanatory variabics. &at is. the model is a percentage 
adjutmen1 model.' This rypc of model differs from linear modek. in the way the change in 
waer ut 10 the change in an explanatory variable is specifred. The change is in relative. not 
absolute. terms. For example. a SI incrcaw in warn price would lead t o ~ a  "x. gallodday change 

WaIcr Use as mearurcd ria a linear model but would lead to a "y" percentage change in water 
use a% measured via a percentage adjusment model. Because OUT analysis covers customers with 

'Previous research has restricted the demand c w e  to be linear in shape or calculated b o u g h  
a logarithmic ransfomation. 

An example of a percentage adjusment model is shown in Whiuomb. J. B.. Water 1 

Reductions From Residential AudiIs. Wmrr Rcsburccr Bulletin. 27(5). 1991. 
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Table 5-1. Single Family Home Model 
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BPU Water Use 

The fm unn. 15-11], of the modcl estimatCt baw water YY as a function of an infcrceps 
number of OCCUPMU. net irrigation rqnircmeni urd lo1 size. Estimation finds that the inWcept 
equals 105gallonSlday, wa'u YY i n ~ e a w s  by 23 g a l l d d a y  with cach OCCUPM~, and water use 
in- by 0.69 gallonrJday for cach incb of N&R for cach 1.OOO ff of lor lhis first in 
the modcl reprrscnu barc water YY because other terms in the modcl fall out when no irrigation 
restrictions are in cffec~ when well dcph is at iu m a  value. when thcre is no p l .  and when 
price equals S7.05 per 1,OOO gallons. Changes in tbey variables from thcse conditions lead to 
pucentage changer in base warn yv as dcsaibcd in the next sections. 

An alternative model specitiic4tion includes both ET and ER instcad of NIR We f v d  the 
coeficienrs arc nearly identical and opposite in sign. as expected. Becaw this specifcation does 
not improve the model's ability to explain watu use. M chow the Simpler model that has just 
the one weather variable NIR 

We also explore refmemenu to the lot sizc variable, We fmd that lot size over 18,000 
fr' does not correlate with in-d water use7 This may reSult from the fact that only the ma 
immediately surrounding a house is irrigated, and not the entire lot in the case of houses with 
very large Iou. Only 5 percent of the homes in our smdy have lot si= exceeding 18,000 f?. 
Similarly. we find that lot sizes below 5.000 f?. 4 percent of the houses in our sample. do no1 
correlate with decreased water use. The lot & variable (in l.oOOT?) is wt to a minimurn of 
5 and a maximum of 18 to Meet thew fvdings. W i h h  the range of 5.000 to 18.ooO f?. we 
fvd watu use to k clowly proponional to lo: &. 

In a search for a benu m- of irrigable area (better than lot size) to UY as an 
explanatory variable. we submc: home %, as obraiued from tax records, from lot s k .  Thir 
new variable. however, does not improve the explanatory power of the model. This may nsall  
from the fact that thc home &'available from tax records does not measure the base ana y 
"footprint" of the home, bul rather the total square footage of a bouse including multiple sloricr 
(if any). 'Ihcnfore. only for one-smy homes would lot size minus home si= be a valid 
surrogate for irrigahlc arm 'Ibis is not always the cau in our sample p u p .  

Irrigation Rertrictionr 

. .. 

. .  

. 
The imposition of irrigation restrictions conchus with warn use reductions as shown in 

the tcTm des ignad  [5-lb]. The gnatcs: water use rcductions w c m d  when inigation was 
limited to 1 day per w& Warn use during the 1 and 2 day per week limitations dropped by 
7.3 and 2.3 percent mpectivcly. The IR3 coefficient ic positive and not stalirtically dirferenl 
from zero. Hence. we conclude that the 3 day per week irrigation rcsuiction was ineffective at 
lowving warn use. Ancmpu to account for l ime of day differences in the restrictions, (e.%.. 
9 hm. to 5 p.m.1 wue  not successful. - 

On-H~-m-YDLWIIII 
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Groundwater level is an important variable in the warn use model as indicated by tcrm 
(5-IC]. In area with high groundwater levels. water users have a Mdily available substitute to 
utiliry water for irrigation. In total. 34 p n t  of the homes in our smdy rcpon having irrigation 
wells. Thev homes tend to come from areas witb high poundwater kvcls. We include the 
DWELL variable in the model to help munt  for the viability Of an irrigation well' Every 
pertent change in DWELL from iu mean value DWELLAVE (121 ft). leads to a 0.18 pertent 
change in water use. If DWELL is 60. for example, then the 50.4 penent dccrwse from 
DWELLAVE leads to a 9.1 penent decrcav in water use. The presence of a pool cornlam 
with a 47 gallodday in- in water use. 

Property Value 

?he model estimates thne demand curves relating to homu with low. medium, and high 
property values. E z h  property value designation accounts for a third of the homes (400) in the 
study. A slight adjusment is made to -d property values 10 account for income differcnces 
arising from the use of different rate structurhs as discussed in Chapter 2. We calculated a biu 
difference variable defied as the difference between a cUStomer*s total water and sewer bill 

sewer prices (excluding fued charges) as follows: 
(including fucd charges) and the amount paid if all water is purchased at marginal water and 

BDU = B U I , , - M P u * W A T E ~  L5-21 

where. 
BDu . .  = hill differencc variable for.curtomer i in month t 

= total water bill including both the fucd charge and quantity charge for ~. 
customer i in month t 

B I L L  

For customers facing block rates, we estimate an insmental  variable of bill difference b e c a U  
of the endogenour relationship between the bill diEercnce variable and warn use as discussed 
in Chapter 2. For those curtorn~rs frcing a uniform nte. the bill difference variable simply 
quals the fucd serfice charge and rqu i r c s  no comctioh 

'Appendix E explains why DWELL is preferred aver the prcscnce of an irrigation well as 
an explanatory variable. 
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me next step is w convert the biJl difference vvirble iato terms of proPerry value. Using 
quation (4-21 Imm Chapter 4, dividing the bill diffmce by 0.348641 mlates  income dollan 
into properry vdue dollars. For each cunomer. tbis result is then annualized over the study 
periOa and subuacted from lhc propeny value variable. This completcs the bill dBmce 
adjusmrcnt to the proPerry value variable for each customer. 

ma 

second an uponenr Rice is subtracted from 7.05, the higbect price in the study. so PI to set 

... Each demand w e  is estimated using twoprice caffiticnts. The fmt is a scaler and the 

7.05 as lhe price cornpondkg w bay  water usc. The advantage of this spedfication is hat it 
allows the demand curves to d e  on a pliant form as shown in Hgun 5-1. The c w e s  a~ 
negatively sloped and show water use incrcavs with hipher property vdues. especidly a1 lower 
prices. They arc highly nonlinear? To adjust for iaflation. all prices have k e n  are convcncd 
into 1992 doUan using the US. Depanment of Labor coqumu price index for US. cities. 

2 

-. 

- 

We analyze six alternative ramp rpecifications for those cutomers facing block tam as 
discussed in Chapm 2. Ramps stan and end at 0 (ie.. no ramp). 1-. 2-. 3-. 6. and 5-thouand- 
gallodmonth increments on each si& of a blw3 tbrcrbold. Among lhe n m p  options. ramps 
extending plus and minus 2.ooO galloubonth best fit the data (highest R*). We conclude. 
therefore. that customers F i v e  block nu s m c m  more in terms of ramps rather than rigid 
blcck incremenu. 

- 

, -  

Figure 5-2 plou price elas~iciry by price level and properly value. A number of 
observations wn be made. Firs\ at prices over 51.50. higher propeny value customc~s are more 
price elwic. At a price of 53.00, for~example. price elasticity for low, medium and high 
property value homes is -0.25, -0.43. and -0.57 rrspnively. Perhaps this rrsulu because high 
value homes. which ust significantly more water. have more discretionary water usc (irrigation) 
from which h e y  can cut back Another explanation is hat wealthy customers have greater ab i l i j  
to purchaw water eflidcnt devices (e&. low volume toileu) and acceU ylurcc substituIts(c.g., 
irrigation web). Hence, they have more options to reduce lheir water use io rcspohte to a rate 
hike. At prices below $1.50, price elasticities an similar among !be different wealth groups. 

_. 

'If the demand curves arc mrly linear. the price exponents would qual one. Thjs ir clearly 
not case as the exponents qual 5.45, 3.82. and 3.30 for low. medium and high propeny value 
customers respectively. 
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Another obsuvation ConcMI the shape of the ellnciry curve.% For low value homes. 
price clssticiry inc- with price ung 5150. At this point rhew customers M most active 
in reducing diwretionq uses and making the simpie adjustments needed to usc water more 
effaently. With funher price iuaearcs, however, water savings bccome progressively harder 
to achieve and price elastiaty hcads steadily towards ZM. Curtomcn find their u a l y  derived 
from remaining water use is high (e.& water for cooking and bathroom uses). and hence are less 
willing to make further water cut. in response to price incrraws. For medium and high value 
homes. the same pamm cxiSrs but the inffcction poinu wherc cus1omLcTs kc most sr.nsitive to 
price occur around $2.50 and 53.00 respectively. ?herefore. it higher prices Wore 
wealthier customers react most aggwively  in reducing water consumption. When they do, 
however. they do decrease it at a much faster ratc lhan lower p r o m  value customers. By the 
time price increavs to S6. there is lirtle diffuence in water use based on propeny value. 

Irrigation System and Timer - 
Funher analysis shows that a definite correlation exists beween water use and in-ground 

irrigation systems both with and without timers. In-ground systems without irrigation timen 
comlate with a 5 percent increasc in water use. Tho% with inigation timcn correlate with a 
funher 25 percent increase in water use. Do in-ground systems caw inmared water w or do 
large nuf arm just tend to have in-ground systems? To the extent that it is the laucr. inclusion 

:$ of the irrigation system variables may distort the inw'pretation of othcr coefficients. namely the 
prjce and Jot sizf coefficient.. For example. if a low water price c a w d  customers to have larger 
l am%,  but customers with larger lawns installed in-ground systems with timers. then the model 
may aruibute the greater water usc to in-ground systems with timers and not price. Appendix E 
describes a similar problem with irrigation wells. As a result we do not include irrigation system 
variables in OUT recommended model. 

... . 

Estimation 

shis s t i o n  dcwn'bes the estimation of the single family water demand quat iom shown 
on Rgun 5-1. We use nonlinear lesn s q w s  to estimate thc,values of the coefficicnu using 
Sbazam 7.0 cconomcnic sofnvarc. Tnru comction musfomations KC undertaken to improve 
the desirable stalisticdl properties of the coefficients. 

?he first comction concerned the variance of the residual which is not constant among 
CusLOmcn. A heteroskcdastic residual term viola- one of the arsumptions of regression which 
l a d s  to estimators that an not asymptotically efficient and whose estimated varianccs M. in 
general biaud. To correct for this situation. economeuicians often use a weighting technique 
&e.. weighted lcast squares). Through p p h i d  plors. we fmd that the residual's standard 

- 
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deviation inaescd  closely with lot size. Udng lot size LI OUT weighL we divide bob sides of 
demand quation I5-11 by lot siz as shown M o w  md rrulimarc the coefficients. ?his 
procedure comcts for problems arising with hctcroSkdSticity. 

3 15-31 

E = vector of coefficients to be estimated 
x = vector of e x p h t o r y  varipblcs 

J 
1 
J Eiagnostic tcsu also find the residual to be autoconelated. Regression Mefficients M 

not asymptotically e5cicnc when the residual is autorrgresn've. To wrrccl for this facr. wc 
include a f i t  order regressive term to the error componcnr The model is as follows: 

where. 
1 WATER, = f(l3X) + P'RES,,., + RES, 15-41 

- 
- 

p 5 fmforder autoregressive coefficient J 
Tne last comcdon cancems simultancity bias a+ discursed in Chapm 2. For customen 

facing block nlc5, we reduce possible simultaneity biar by developing a second quation that 
explains marginal price (with the ramp) ai a function of block prices and quantity of water 
purchared. ?he multing simultaneous set of equations are estimated using a nvc-stage Icart 

-squans approach. Through the reduced form price quation. we calculate the instrumental price 
variable for customers in Hillsborough, Lakcland. Lakc Placid, Manatee. St Pctcrsburg. and 
Tampa using a different ser of estima& for tach uriliry. We do not include customers from 
Spring HiU. Winter Haven, or Venice because they charge uniform nlc5 and. thcdore, M not 
subject to simultaneity bias. We also do not have to include water only customers in. 
Hillsbornugh and Iakeland because. in the absence of the scwer charge and dismiying the 2.000- 
gallon f i t  block price in Meland, they M charged a uniform rate. Although Bndcnton has 
three b k k i  separated af 3.000 and U.Oo0 gallonslmonth. the cuMmers in OUT sample almost 
always exceeded the fml block and never enured the third block Hence. they m cffcnively 
faced a W o r m  charge. In addition. as Tampa switched from uniform to block warn ntcs in 
January of 1990. we exdudc observations before this time. The resulting values of inrlrumental 
price variables arc substituted into the demand quation which is then estimated using nonlinear 
lW1 SqUarrS. An analogous procedure is undu?&en to also remove simultaneiry biar from the 
bill diffcrrnce variable. 

4 

.. 
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The definition of the variables. variable dCSCIiptive Sudrtics. and Lhe urffaentr of the 
frnal model are show in Table 5-1. AU cocffiamtr lake on their expeclcd mathematical sign 
md are significantly different from z u o  at the IO percent siglliIkance level (T-ntios p e r  than 
1.28 for one tailed =IS) with one exception The model did not frnd warn savings for the 
3-day-pcr-weck irrigation muiction LO be statisticatly significanr 

- 
'- I 
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RESULTS FOR COMMERCIAL CUSTOMERS 

L i d e  is known about how commcmaj Cutomer~ mpond tn watcr price. Previous 
rcrearch has focuscd almost enrirrly on the estimation of price elasticities of either residential 
or aggregate water use. To our knowledge. the only significant study on price elasticity of 
commercial c u s m e n  was conductcd by Lynne et al' on customers locaGd in tbe Miami. 
Florida arch The price' elasticities for five categories of UYIS were calculated and the results are 
listed in Table &I. 

Table 6-1 Lynne et al Study 

Rice Elasticity at Mean Rice - Number of 
Class Dewription Customers and Water Uw 

Depanment Stores 20 -1.33 
-0.76 ,$ Hoiels/Motels 40 and 93 -0.12 and -0.24 

Eating and Drinking 
Establishmenrr 
Other businesscs 34 -0.48 

- Grocery Stores 19 

24 -0.174 1.: 

- 
A i s  chapter describes OUT investigation of price elasticity for 10 conuncrcial customer 

classes. As described in Chapter 3, the commcr$ial classes include apanmcnu, car warkr.  
hospitals, hoteldmotcls. laundromarr. nuning homes. office buildings. ICSUUTMIS. elementaq 
schools. and universities and colleges. T h e  a p m e n t  class ir by far the largest nonsinglc-family 
user class both in terms of number of customers and warn me. Bawd on 1990 US. Census 
records. approximately 44 percent of dwelling units in the Southwest Florida Warn  Managemen1 
District (SWrWMD) wrvicc area are in rnulriplc unit complex&. In this m d y .  we denote 
a p m e n r r  as commercial (apanment owncfs pcrspecdvc) although of c o w  they an midentid. 

This chapter consists of sections diwussing the water use modeling of each of the E n  
customer clasws. The demand curves an mapped as conventional functions of price. 
Unfortunately. we do not have larxe enough sample sizes or the balance of customen from each 
Utility to map out more precise, nonlinear demand curves as is done with the Single-f-ilj' 

&) Esmblishmenu. Water Resources Bulletin. i4(3). 719-729. 1978. 
'Lynne. G. D.. W. G. Luppold. and C. Kiker. Water Price Responsiveness of Commercial 

0 
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residential customers. For each clw. we look at a wide wt of pavible uplnnatory variables 
including elm-specifc information from the mail surveys. weather, avuage WW depth. and 
Lrigation mrrictions. Because business activity can v u y  m n s l l y .  especially for businesses 
affected by seasonal residents and tourism. the mail surveys elicit seasonal b u s h e s  pattern for 
six of the elmet. 

After removing variables with coeffcienu with the won8 expected mrthematical sign and 
those not sratisticaUy different from 2cx) at the 10 percent signiIicance level Cr-ntio less chan 
1.28. one-tailed mt). we ob& OUI selected models. Tbe models arc linear and M corrected 
for t i n t  order autocornlation. Because commercial customers do not face w w u  uy u p s  and 
rarely jump water price thresholds. we do not use n m p  pricu or comct  for s h u l m e i r y  bias. 

Table 6-2 shows a summary of rezulrs for the COmmerCial customus. The major fmding 
is thal for apanments we do not detect a negative cornlation between water uy and water price. 
We conclude Irom L ~ S  evidence that apanments arc very price inelastic (elarticily near 0). On 
the othu hand. the other models sugett that the warn use by car warhes. hoteWmotels. 
laundromats. offcc buihlings. resuurants and schools is signiricanlly affected by price. but is still 
classified ar inclartic (ekticiry lcss than -1). For hospitals and nursing homes. the model finds 
positive elarticities. We conclude that k c a u w  of stringent hygiene rcquirements. thew cuslomers 
an higuy inclutic. Finally. the san?plc size of universities is too small IO make any 
intCrlefCnCCS - 

Apartmenfi 

Our wmplc includes 174 apanmenl buildings which have a total of 18.583 a p m e n l  
units. Figure 6-1 plots mean water use perapanment unit against mean marginal price averaged 
over the July 198s 10 June 1992 period for each utiliry. Warn use is relatively conrmt  in all 
utilities ranging ktwecn 100 to 150 gallonsldayluniL No relation ktwcen water use and price- 
is visually evidcnr 

. ,  

.. 

Becauw apanment water u w  (like single family water use) caq be affected by factors 
other than price. it is necessary to conuol for t h e  factors in estimating the impact of price. We 
uv multiple regrrrrion IO mcfsuR the cornlation ktwecn water uy and selected explanatory 
variablu including water price. The explanatory variables generated from mail s w c y  dau 
include average monthly cccupancy rate. avenge number of occupants per uni~ and the presence 
of c l o k r  washers. dishwashers. garbage disposals. and a pool at the apanment complex. In 
addition. evapouanspiration. effective prccipi-ation, irrigation r c ~ u i ; t i ~ ~ .  groundwater depth. and 
marzinal water price are conridmd. 1 

i .. . .- . .. 

'= i--' I 
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Mean 
I Morglnal 

Meon Woler Use Prlce Prlce Elasllcllv 
CLASS (N) Accounls Unll Faclot Go1 I Day I Unll SlI.003 Gals AI Means Model R2 
ADadmenls 4.007 174 ADotlmenls 107 3.01 0 0.64 
Cor Wash 
HOSDIIOIS 
HolelslMolels 
Laundromals 
Nuislhg Homes 
Ofllce Oulldlngs 
Reslwronlr 
Schools (Elemenloiy) 
Unlvenlller 

mol 

514 
67 I 

3.525 
1.511 
1.983 
3.763 
3.274 
2.497 

287 

22.832 

I7 
22 

1 I3 
58 
54 

116 
122 
61 
9 

752 

None 
Beds 

Rooms 
Washers 

Rooms 
I .axr 112 

Seols 
Sludenlr 
Sludenls 

4.672 2.14 
96 3.05 

I45 2.51 
I72 2.97 
96 2.67 
92 3.03 
29 3.10 
6.0 3.33 

13.6 2.05 

0 .70  
0 

-0.48 
'-0.14 

0 
-0.33 
-0.28 
-0.25 

lndelermlnote 

0.17 
0.04 
0.43 
0.06 
0.54 
0.29 
0.19 
0.32 

0.031 

. ,...). / ., .., 

. .. : .,., 
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Estimation of the model shows that only thow coeficienu representing number of 
occupied uaiu. avenge number of 0ccupanU. and two out of thne rurf size variables took on 
their expected mathematical sign and are significant at the 10 pertent sigrurrcance level as shorn  
in Table 6-3. The price coefficient both took on the m n g  sign (positive) and is staristically not 
different ircm 2 ~ .  

>-. 

.-.. ! 

. .  

This evidence leads us to conclude lhat water use by aparltncnu (multiple-family dwelling 
units) is very price inelastic. This may m u l t  from the fact that apanmentr uniu are n n l y  
individually metered. As a consequence. aparlment dwellers do not pay-a water bill (it is . 
indirectly included u pan of rent) and often have no direct monetary motivation to conserve 
water (e&. r e a t  swif~Iy to fu a toilet leak or leaky faucet). Because apsnmcnt owners. on the 
other hand, have a direct financial srakc. inncaws in water price should motivate them 10 inswll 
new water efticient fixolres (e.g.. low-volume toilets) or replant with less water intensive 
landscaping. Apparently. however, this has no1 occurred to an extent that is measurable. 

- 
Washa 

Water use per car wash is shown on Figure 6-2  The mail s w c y  obtained information 
from 17 customers on number of wash bays, days per week open; business hours on Thursdays. 
water recycling. and business seasonal panuns. Because businesses change their working hours 
throughout the week. we decided to Iwk at Thursdays (when all businesses are open) to get a 
consistent measure. 

In the car wash model, only the business seasonal pamm and marginal price take on their 
expected mathematical sign as shown in Table 6-4. Rice elasticity equals -0.70 at mean water 
use and price. The M e  Placid car wash. which has dramatically lower water use, perhaps 
because of relatively low population in the surrounding arc% was excluded from the analysis. 

. .  

Hmpitals 

Figure 6-3 plou water use per hospital bed for cach utility. Average gal londdayhd 
quals 96 for the 22 hospitals analyzed. As shown in Table 6-5. only number of beds is 
significant in the regression model. The price coefficienr rakes on the wrong sign (positive). 

Hotelfilotels 

Figure 6-4 plots water YY per hotelhotel room against price for each utility. For the 
113 hoteWmotels included. waur YY avenges 145 gallonddaylroom and has a large variation. 
Explanatory variables looked at in the models include number of rooms, seasonal occupancy. and 
P-nce Of pools, on-site rmau~ants. and on-site laundries. 
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Ruulu show that only the number of occupied rwms. pmcnce of on-site laundries. and 
marginal price uke on the expected mathematical sign and arc ngrifimt (5 penent significance 
level). Rice elasticity at the mean w a w  use and price is -0.48 as shown in Table 6-6. 

Laundromats 

Figure 6-5 plou water use per washer against price for laundromats within each utility. 
Then appears IO be a gencnl decrcav in w a w  use as price innraur. For the 58 laundromats. 
the avenge water use is 172 gallonddaylwashcr. 

The model includes number of washers. seasonal business panems. days open per week, 
hours open on Thursdays, and marginal price. Number of washen, seasonal business panerns. 
and marginal price are sigdtcant at the 5 percent signifcancc level. Days per week and hours 
on Thursdays BR rignifrcant at the 10 percent signilicancc level. Price elasticity at the mean 
water use and price is -0.14 as show in Table 6 7 .  

- 

Nursing Homes 

Florida's popularity with retired senion has lcad IO a large nursing home indusuy. 
Avenge water use per bed. as plotted on Figun 6-6. equals 96 gallom over the 54 nursing homes 
in our sample. The water use model accounu for be&. m u a l  occupancy. weather. irrigation 
muictions, groundwater depth. and muginal price. Only beds and occupancy prove useful in 
explaining water use. The price coefficient is positive as shown in Table 6-8. 

.. 
Omce Buildings 

Figure 67 plou office w a w  use against price for each uliliry. O v u  116 buildings. 
average gallodday11.000 squan feet of building quals 92. The selected model includes square 
footagc. marginal price, and turf size as explanatory variables as shown in Table 6 9 .  Rice 
elasticity at mean water uv and price equals -0.33. 

. 

RStaWalltS 

Figure 6-8 plou restaa~~~nt water use against price. Only sit-dom restaurants that served 
food on plates and used f lawan that r q u k  washing are included. Average water use in 
gallonddaylseat was 29 over the 122 resta~rants in the sample. From the mail survey. we 
elicited number of seas. days per week open. business hours on Thursdays. and seasonal business 
patterns. In Our  qucstionnairc. we also asked ii the ~staurant  used disposable dinnerware. A 
tolal of 19 replied yes and they an excluded from the analysis. The model fmds price elasticity 
at mean water and price q u a l  to -0.28 as r h o m  in Table 6-10. 

I 
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Schools (Elernentny) I 
Figure 6-9 plots warn usc against price. Including number of students. weather. gmundwatcr 1 

With a sample of 67 elementary schools. water usc averaged 6 galloddaylstudenr 

depth, and marginal price. the model utimatrc price elastidry at mean w a w  usc and price LO 

be -0.25 as shown in Table 6-11. 

- 1 Universities and Collegcr 

J .  Our sample of universities and colleges equaled only 9. Water usc per student is ploaed 
against price for each utility on Figure 6-10. A grcal vuiation is waur  w is shown. The 
model. shown in Table 6-12. which includes srndcntr and marginal warn  price. find5 prim 
elasticity to be -0.98 at the mean warn use and price. B c c a w  the R' of the model is so low 

I '  
(0.001). however. we do not believe inferences are valjd in this c a y .  In our opinion, price 1 

1 
I 
I. 
1 
I 
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Figure 6-9. School Woler Use 
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CHAPTER 7 

ANALYSIS OF AGGREGATE DATA 

We have performed a c~u~ory analysis of a w g a t e  w a w  ure for the City of Winm 
Haven in order to determine the price elasticity of aggregate water demand Tnis empirically 
determined price elasticity of aggregate demand is compared to the aggrcgak price elasticity 
calculated by multiplying the price elasticities for the various CuItomcT clarws. as determined in 
our micro analysis. by the weighted average w a r  usage of each customer class to dcurminc if 
the mul~ an consirtcnr 

- 

Winter Haven Aggregate Data 

The City of Winw Haven is selected for Our analysk of price elasticity of aggregate 
demand becaw it had the largest pricc increase (27 percent in November 1991) of all ten 
utilities analyzed over the study period. - 

Water w infomation consisted of monthly b i g  totalsfor the 4year  period. November 
1988 through October 1992. Account information consisted of the numbu of accounts by 
customerclass on an w u a l  basis. This account infomation is interpolated to obtain monthly 
values. The unit of analysis is gallonrJdaylaccount for both single-family residential and 
commercial customer classes. 

i Water us?. in gallonsldaylaccounr. is regressed on the weather variables. NIR. ET. and 
ER We found only a vcry weak correlation with NIR. which was not significantly different fmm 
zero at the 10 percent significance level for either customer class. The R' was 0.06 and 0.001 

weather variables by 1 month or using €T and ER did not improve the correlation As II 
consequence. we do not conuul for weather in our analysis. 

for the single-family residential and commcrcial customer clarses ~~~pec t ive ly .  - Lagging the. . 
L 

Insread. we compare mean w a w  w before and after the NovemQcr 1991 price increau. 
As shown in Table 7-1. single-family w a w  w for the 3 years prior to the rate hike is 
164 gallonslCayIaccount and for the year after the price hike. it is 136 gallons per day. This 
28 gallonlday or 17 percent drop is probably largely due to the 27 percent incrrav in price 
(waw and sewer charges). This implies an elasticity of -056. This estimate happens to nearly 
coincide with the estimate irom the analysis of micro dam Ar shown on figure 5-1. prim 
elanicities for low and high value propenics at f3/1.000 gallons are -0.32 and 0.76, ~spectivcly. 
Becaw thir aggregate analysis measures the shon-unn rcsponse and the demand curves on 
F i g m  5-1 meanure the long-unn response. the aggregate price elasticity appears to be high - 
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For the commercial c1s.s. water w drops from 684 to 632 gnllonJdaylaccount after me 
rate inncau. This implies an claniCiry of 4.25. This ycms to be a rrpronablc n u m b  given 
the mul t s  of ow commercial class micro analysis Winter Haven’s c m m d  clus includes 
apartments. 

..-, , 
’ 

We did not control for irrigation mlrictioqs in our aggregate analysis. Given the results 
from our empirical study. using micro day this should not caw much of a dinortion. Two- 
and thrce-day mtrictions for tbe single-family dasr were estimated to corrclae with a 2.7 and 
0.004 percent drop, mpectively. Both the PIE- and port-periods had m.trictions at some time. 

To summarize. the aggrrgate Wintcr Haven data appears to va!idate the mulu of our 
micro study. If anything. the aggregate data indicate that the price mponse occurs faster than 
upccted. We would caution. however. anyone from reading too much into the resulu of this 
analysis. Factors other than price could have been paaially responsibly for the reduction in w 
after the November 1991 rate incrcaw. 

The o d y  purpose for rhis cursory analysis ir to determine i f  the muls of the aggngau 
analysis reasonably approximau the results of the micro analysis. 
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WWTRER DATA 

To calculate net irrigation rquirrmcnt W) for lurfgms. M m u 1  calculate both 
evapotranspiration 0 and effective Oin (ER). Rcrcarchcrs find thaf in Florida is best 
estimated using a modified Penman quation by Jones et aL' as presented in Table B-1. The 
input into thir energy balance quation includes maximum temperaaue. minimum Icmperawre. 
incoming solar radiation. and wind speed. ER k the mount of rain that sarisficc ET 
rquircmenu. Because rain can be lost as runoff or can percolate past the mmne of OJd. not 
all rain is effective at offsuing ?ZT. We ult an empirical quation formulated by the.United 
Stales Agricultural DeparUncnl-Soil Conservation Service' to csIimae ER as shown in Table B-2. 

'Jones. J. W.. et al., Esrimnrcd MdMcnsurcd Evaponmpirarion for Fbn& Climarr, Crops, 
Md Soils. Bullcrin 840. December 1984. 

~ 

'Jenwn. M. E.. R D. Burman. and R G. M e n  editors. Evaponmpirarion a d  Irrigation 
Warcr Rcquircmcnrs. ASCE Manuals and Repom on Engineering Racticc No. 70. New Yo* 
pp. 67-68. 1990. 

*I).=--..n 
c.ll.)LpI 
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Table B-1. Penman ET Equation 

ETc = 

ET, = 

wherr. 
ET. = 
Y =  
ET, = 
A =  

Y =  

s =  
T, = 
T- = 
T... = 
e, - 

e, - 

u =  

u =  

- 

- 

e.- = 
A =  
Y =  
% =  

1 

ET for Iurfgrss (&day) 
moo coemcicnt for Iurfgrars =-1, given albedo I 0.23 
ET'for reference mop (midday) 
slope of sattuated vapor prrsrurc c w c  of air (mbPC) 
= 33.8639 [0.05904 (O.O0738*T.,. + 0.8072)' - 0.00003421 
prychromerric c o ~ m t  = 0.66 ( m b P 0  
albedo of green vcgerated surface = 0.23 
incoming solar radiation (caUcm'/day) 
Stefan-Bolumam w ~ m t  = 11.71 x IO4 (NcmJdayPK) 
minimum tcmpuawe r C )  
maximum temperawe ('C) 

- 

IT-, + TAJ2  - -  
vapor presrurc at minimum t r m p r a w e  (mb) 
= 33.8639 110.00738*T-, + 0.8072)'- 0.00001911.8T.T_, + 48) + 0.0013161 - ~. - .~ 
vapor prc~surc ai maximum tcmperanvc (mb) 

avenge vapor preyurc (mb) = (e- +z-) I 2  
latent heal of vaporization of water (caUcm'/day) =59.39-0.55'T.., 
wind speed a1 a height of 2 meters W d a y )  
cloudlus solar radiation (rdcm'/day) at following latirudes 

= 33.8639 [(0.007381, + 0.8072)' - O.oooO19(1.8T, + 48) + 0.0013161 

J 

I 
1 

3- 
I 
1 
1 
1 
I 
1 
1 

I 

I 
Lat Jan Feb Mar Apr May Jun JuI Aug k p  C k t  No\, Dec 1 
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 
2870'419 563 609 715 742 789 752 703 644 532 452 387 I 
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-7 Table B-2. USDA-SCS ER Equation 

where. 
f(D) = adjustmenu for normal depth of WtCT depletion in soil prior 10 irrigation 

.ER = effective rain for month (mm) 
RAIN = rain for month (mm) 
ET = ETformonth (mm) 

The f(D) term adjusu for water depletion depths different than 75 mm. Smaller depletion depths. 
which nuf c e ~ i n t l y  h a .  allow for less d a l l  to become effective. The adjustment term is 
defmcd using the equation defmed below. 

f(D) = 0.53-+ 0.0116*D - 8.94*1UJ*D' + 2.32*10"*D' 
where. - 
D = normal depth of depletion prior tn irrigation (mm) 

To estimate D. we used the following quation from KeUw and Bliesncr': 

D = MAD/lOO*W,*Z 

where. 
MAD = management allowed deficit (96) 

Z = effective root depth (m) 
.. . .  W, = available water holding capacity of soil (mmlm) ~. 

. .  . 

Assuming MAD = 508, W,, = 42 for deep sand soils and 125 othemiSe (sandy loams). and 
2 = 0.15. then D = 3.15 mm with deep sand soils and 9.375 mm OthcnUiW. inWning thew 
values into the adjustment tcrm rrsulu in f(D) = 0.565 and 0.631 for <Czp sand soils and other 
S O L 5  Iespcctivcly. 

'KcUer. J.. and R D. Bliesner, Sprinkle a d  Trinklwc higorion. Van Nosuand Reinhold. New 
York. pp. 28-33. 1990. 

O n m N U - - L ( I I . ? 3  
... PIS- . . 



:abir 3-3 

7 

n 

. 

12.94 
13.63 
15.57 

0 . 5 8  
5.15 
0.92 
2.66 
0.13 
2.91 
1.38 
2.4' 
9.06 
9.82 
1.99 

13.eO 
1.26 
0 .59  
c . 4 7  
2.29 
4.07 
:.c9 
1.33 
1.9: 
@ . 7 :  
8.55 
6.6: 
3.39 
1.:: 
2.85 
2.05 
i . 7 9  
:.2t 
l.O< 
4 . 5 1  
9.39 
<.l5 

10.61 
8 .18  
2.74 
i . 2 1  
C.06 
0 .GC 
0.08 
1.13 
' . : 5  
2.93 
0.15 
22.34 

(i . 0 
92.0 
91.0 
95.0 
81.3 
13.0 
18.8 
11.0 
1 0 . 9  
83.9 
88.6 
91.7 
93.0 
93.6 
91.6 
85.5 
s:.9 
7c.o 
lB.7 
8 5 . 3  
€:.< 
6 c . O  
SC., 
92.2 
92.G 
9i.l 
92.: 
e 7 . 7  
n:.2 
7 8 . 3  
19.1 
76.2 
18.7 
6 5 . 9  
85 .6  
91.3 
92 .  0 
9i.2 
9 2 . 4  
86.6 
17.7 
78.5 
12.2 
76.' 
7,.1 
84.5 
.8.1 
91.3 

73.0 
1e.0 
13.0 
62.0 
61.C 
51.c 
55.9 
53.8 
59.4 
60.1 
6 4 . 9  
11.6- 
13.1 
1 3 . 2  
13.0 
65.1 
58.9 
'6.0 
55.0 

51.5 
60.0 
6 6 . 6  
7 i . 1  
73.2 
73.7 
72.1 
6 7 . 2  
58.6 
5G.3 
57.6 
5 4 . 3  
57.5 
6' .8  
69.9 
7:.7 
73.5 
76.1 
72.: 
85.5 

t a . 5  

5 1 . 9  
53.9 
4 8 . 4  
54.1 
55.8 
61.2 
66.6 
71.1 

4.70 
4 . 4 4  
3.89 
3.22 
2.41 
1.61 
l.VS 
2.57 
3.41 
4.21 
5.15 
4 . 6 9  
4.96 
4.32 
3.10 
2.88 
2.03 
1.43 
1.68 
2.40 
3.39 
4.00 
5.68 
4.15 
4.t6 
4.76 
3.90 
3.16 
2.i7 
1.89 
1 . 8 8  
2.64 
2.82 
3.95 
3.89 
3 . 7 6  
' . > 5  

' G . 1 9  
3 . 3 6  
2.65 
1.83 
1 . 6 4  
1.59 
2.11 
2.95 
3.60 
4 . 6 6  
4.11 

4.64  
C.14 
3 . 8 9  
0 . 2 0  
1.84 
0.33 
0.99 
0.00 
1.18 
0.59 
1.09 
3.4i 
3.12 
3.00 
3.70 
0.50 
C.19 
1.<3 
0.c5 
:.19 
C . < 4  
0 . 5 6  
0.89 
3.3: 
3.21 
2.fi 
1.37 
2.51 
:.06 
0.11 
1 . 3 6  
0 . 0  
0 . G O  
1.83 
1.57 
> . 6 <  
3.17 
3 . 0 4  
1.?0 
0 .48  
S.OJ 
0.12 
0.35 
2.1: 
1.53 
1.11 
0.00 
4.11 

0.06 
0.00 
0.00 
3.02 
0.57 
1.28 
0.99 
2.51 
2.22 
3.68 
4 . 0 6  
1.28 
1.25 
1.32 
0.00 
2.38 
1 . 6 4  
0.00 
1.63 
0.91 
2.95 
3 . 4 8  
4 . 7 9  
1.44 
1.25 
2.15 
2.52 
0.6: 

1.13 
0.52 
2.17 
2.G2 
2.15 
0.52 
2.:3 
c.27 
1.15 
2.26 
2.3 
. . I 9  
1.51 
1.24 
0.00 
:.a2 
2.41. 
d . 6 6  
0.00 

1.10 - 

5.. 22.i< 93.7 14.1 5.68 4 . 6 4  4.19 
A"r.-.qe 0 . 9 6  8 c . 1  €1.5 3.33 1.67 1 .66  
*mu.; AUC 5 9 . 4 7  39.97 20.08 19.89 

1 
1 
1 
1 

:: 1 
1 



8'tL 
8'ZL 
9'ZL 
t'L9 
I'LL 
1'75 
L'LS 
9'55 
6'85 
C'89 
?'EL 
0'51 
"EL 
L'FL 

t'i9 
5'85 
5'65 
5'55 
8'5) 
1'85 
0'99 
1'71 . 
9'11 
9'E' 
?"9 
F'19 
1.09 
F'tC 
6'95 
0'25 
0'19 . 
O'E9 
O.?L 
O'bL 
O'tL 

a'ii 

a'bi 

... 
_. .:. 



7.bl. B-3 

~~ . ~. 
0 . 8 6  8 0 . 2  5 9 . 4  
0.35 77.2 5 4 . 9  
3.!* 7 7 . 0  53.i 
0.59 76.0 53.8 
2.47 8 : . 1  58.4 
5.34 87.2 65.8 

10.65 9C.9 70.6 
5.2: 92.7 71.2 
13.23 92.4 73.: 
5.46 93.3 73.8 
2.68 9 1 . 6  72.4 
s.(: # < . e  65.7 
c.10 75.6 55.7 
0 . 4 3  7 6 . C  55 .8  
? . 4 e  7 : . <  5 0 . 0  
5.1: 7 6 . 2  55 .0  
.._J 79 .8  56.6 
7.87 86.2 61.8 
1.47 91.. 67.6 

13.39 93.6 71.4 

. .. 

NL7 
rznp TLKP ?IN- U i N  I U  I E Q  * T In hex nch I n h** 

U K Z U N D  
I L X  M I Y  ET L-TTCT 

K O Y T I  *cm 

11.,n 9 t . n  7 1 . 0  
10.91 3 4 . 0  7 a . o  
7.63 92.0 73.0 
1.15 86.0 63.0 
7.19 82.0 6L.O 
1.59 75.0 52.0 
3.87 73.1 56.4 
0.1, 79.3 53.2 
2.89 83.7 59.4 
3.6, 86.7 60.7 
1.11 93.1 66.3 
7.27 94.7 71.3 
, .a2 95.0 72.8 
6.C2 95.6 73.2 

0.43 86.2 65.5 
1 . 4 ~  80 .4  5B.4  

0.40 78.9 5 5 . 4  
1.29 a: . '  5 8 . '  
1,:s 82.3 57.5 
> , ? 5  84.9 60.7 
< . I 9  9:.6 6 0 . 4 -  
7.14 93.3 72.1 
7.66 9 ' .0  73.2 
6.35 9 < . I  -73.1 
J . 3 3  92.1 72.3 
2 . 2 ,  97.6 67.5 

15.18 33.2 12.6 

5.51 68.5 45.1 

2.26 1.61 0.65 
3.33 0.39 2 . 3 4  
4.:) 1.39 2.78 - 
5.35 0 .5#  4.71- 
4 . 7 4  k.18 0 .55  

*.13 0.1D 61.5 45.1 1 . 4 0  0.00 0.00 
I.* 15.18 95.6 74.0 5 . 4 3  4.4: 4 . 3 9  
A".'**' < . < a  8 5 , s  63.7 3 .58  1 . 0  2.10 
Az-1a: Lvr f3.'2 42.:) ~7.79 25.2: 

PAGE in? DF I,=)? 

3 
3 
I 
3 
3 
3 
3 
3 
1 
1 
I 



7.51. 8-3 

*..:-92 
Apr-91 
Kay-92 
:vn-91 

9.29 
10.20 

2 .41  
1.81 
3 .80  
1.73 
2.03 
0.33 
4 . 1 1  
2.98 
2 .21  
..79 
7 .60  
7.80 
8.10 
4.35 
0 . 3 7  
2.54 
2.2'  
2 . 2 7  
1 . 7 9  

-1 .34  
1 . 7 2  
9 .10  

10.89 
9 . 4 0  
3 . 8 8  
0 . 5 3  
c . 4 5  
1 . 0 1  
5 . 1 7  
1..8 
4 . c> 
2 . 0 3  
5 . 8 7  
7 . 3 7  
8 . 6 6  
7 . 3 9  
..70 
2.98 
0 .86  
0 . 8 8  
0.36 
4.73 
2 . 2 6  
4 . 3 1  
3.81 

1:.77 

0.33 
15.77 

5:. 6 1  
4.3) 

92 .0  
9 2 . 0  
91.0 
86.0 
8 1 . 0  
76.0 
79.9 
78.6 
81.6 
87.1 
91.3 
03.9 
93.5 
93.2 
91.3 
86 .1  
82.: 
69.5 
79.7 
81 .X  
83.2 
8a .8  
91 .5  
93.1 
93.2 
9 3 . 9  
9 2 . 1  
8 7 . 1  
82 .7  
7 9 . 1  
7 8 . 3  
77.6 
8 1 . 7  
87.5 
90 .9  
92.X 
92.3 
93.5 
9:.< 
86.2 
78.2 
78 .0  
73 .1  
78.3 
79.7 
86 .1  
90.6 
9 2 . 6  

69.5 
93 .9  
85.8 

69.0 
70.0 
70 .0  
59 .0  
5 9 . 0  
49 .0  
5 1 . 4  
4 8 . 0  
5 5 . 9  
55 .6  
60 .6  
67 .1  
68.8 
68.8 
69 .8  
63.1 
55.8 
43.2 
5 3 . 6  
56 .6  
5G.6 
55 .8  
6 4 . 9  
61.3 
73 .0  
68.5 
69.3 
65.3 
5 6 . 3  
5 1 . 3  
55 .4  
50.5 
5 4 . 7  
62 .1  
67.3 
69.2 
70.2 
70.2 
68.7 
6 4 . 9  
54 .2  
53 .6  
(6 .7  
51.1 
52 .5  
56.4 
63.0 
67 .9  

4 3 . 1  
71.0 
60.' 

4 .73 
4.51 
3.89 
1 . 7 6  
1 .91  
1 . 5 2  
1.80 
2.24 
3.01 
3.86 . .63 
4 . 5 Y  
< . 6 9  
4.37 
4 . 0 1  
3.05 
2.07 
1 . 3 8  
1 .88  
2 . 4 5  
3 . < 2  
4 . 0 9  
4 . 9 9  
4 . 8 9  
5 . 0 5  
4 . 7 9  
4 .15  
3 . 1 3  
2;:3 
1.64 
1.83 
2.68 
3 . 6 1  
4.78 
5.38 
5 .08  

4.63 
4 . 1 <  
3.19 
2.06 
1 . 6 9  
1.68 
2.28 
3.23 
4 . 0 1  

..59 

1.38 
5.38 
3 . 0  

41.60 

4,.47 

c 7 1  _.__ 

3 .50  
3.74 
1.00 
0.71 
1.36 
0.64 
0.76 
0.07 
1.56 
1.21 
0.96 
2.95 
2.94 
2.95 
2.99 
1.64 
0.36 
0 .91  
0.82 
1 . 2 3  
0.73 
0.57 
0.77 
3.50 
..on 
3.55 
1.57 
0.18 
0.13 
0.37 
1 . 7 9  
0 . 5 8  
1 .78  
0 . 8 9  
2.44 
1 .92  
3 . 2 5  
1.85 
1.87 
1 .19  
0.31 

0 .08  
1.69 
0.91 
1.93 
1.65 
4.59 

0.07 
< . I 9  
1.62 

19.45 

0.31 

1.23 
0.77 
2 .89  
2.04 
0 . 5 5  
0 . 8 8  
1.05 
1.11 
1 . 4 6  
2.66 
3.67 
2.64 
1 . 7 6  
1 .42  
1 .02  
1 . 4 1  
1 . 7 1  
0 . 4 1  
1.06 
1 .22  
2 .69  
3 .52  
4.22 
1.39 
0.97 
1.24 
2 .5% 
2 .96  
2 . 0 0  
1 .27  - 
0 .04  
2.10 
1.83 
3 .89  
2.94 
2 .16  
1.23 
1 .77  
2.28 
2 . 3 0  
1 . 7 5  
1.38 
1 .60  
0.58 
1.32 

3 . 4 6  
0 . 0 0  

2.08 . - 
0.00 
4.22 
1.85 

22 .15  



LS VrLET wzr 
rrwr S i N W  MIL 1- RIP r F Inches Inch.. Znchas 

7 ,6 ,  8 9 . 0  77 .0  4.79  2.97 1 . 8 2  
10.2: 
25,51 8 9 . 0  76.0  . 3 .96  3 . 9 6  0.00 

S T .  PETERSSCilC 
PAX nIN 

"OS?" fnsh., 

J u l - l u  
* Y q - I e  
s*p-es 
O S L 4 8  
Yov-ns 
O.C-88 
2.n-89 

2 . 4 ,  7 7 . 2  62 .2  3 . 3 9  1.00 2 . 3 9  
7.b-89 

o.3)  8 1 . 1  66 .0  4 . 1 1  0.09 4 . 3 2  
M.FU9 
l p i - 8 9  
M.Y.89 
2""-89 8 . < 6  88.5 7 5 . 3  4 . 7 2  3.23  1.50  
J"l-89 7.72 90.8  77.5 5 . 0 8  3 .04  2 .04  

9 2 . 0  77.0 4 . 5 4  3.75 0.79 

0.30. 8 2 . 0  6 I . O  3.16 0.06 3.30 
6.94 7 8 . 0  6 6 . 0  2 . 4 9  2.40 0 . 0 3  

0.6, 71.0 5 6 . 0  1 . 6 5  0.13  1.<3 

1 , 9 8  7 5 . 1  6i.l 2 . 0 0  ' 0.75 1 . 2 5  
0 . 4 3  73.1  5 8 . 2  2 . 5 6  0.12 2 .44  

1.05 8 6 . 1  71.6 5 .40  0.47 4 . 9 3  

IC5-19 5.73 9c .s  77.1 4 . 3 6  2.25  2 . 1 1  
Sep-89 ,.,o 88 .8  1 6 . 4  3.72 2.81 0 .91  

F.b-90 j . 3 5  76.C 6 1 . 3  2 . 3 3  1.89 0 . 4 a  

s?.y-?J 1.95 es.5 , 3 , 2  5 . 8 2  0.91 4 . 9 :  
,.n-3: 1 1 . 2 2  8 9 . 3  7 5 . 6  4 . 8 2  4 .07  0 . 7 5  
J"l-90 ,.5, U 9 . 6  7 6 . 1  <.n 2.89 1 . 5 8  
Aug-90 5 . $ <  8 5 . 8  77.7 4 . 8 2  2.21 2.60 
S.p -90  1 .8 '  8 9 . 0  ,6.6 3 . 9 3  0.78  3 . 1 8  
o c - 9 0  1 . 2 8  8 I . i  ,;.a 3 . 2 0  0.52 2 . 6 8  

Mc-90 0.24 7 5 . 2  5 8 . 8  1 . 9 6  0.02 1 . 9 4  
2."-91 6 . 2 0  7 3 . 3  60.3 1 . 8 2  1 . 8 2  0.00 
r.b-9i c . 5 1  72 .5  5,.8 2 . 6 5  0 . 1 8  2 . 4 4  
*.I-51 1.0, , ' . 6  , ' . 6  3 . 0 4  0 . 4 2  2 . 6 1  

J"n-51 2 . ? <  e p . 3  7 6 . 3  3 . 7 8  :.12 2 . 6 6  

AUp-91 6 . 4 7  8 9 . 9  7 8 . 1  4 . 2 5  2 . 4 9  :.76 

Yov-91 0 . 2 0  73.: 59.3 1 . 8 2  0 . 0 0  1.12 
D.S-91 0 . 6 1  7 5 . 6  5 8 . 0  1 .56  0 .20  1 . 3 6  
ir . ; -92 2 . 1 0  6 7 . 2  53.2 1 . 3 0  1.01 0 .49  
r.L-92 4 . 5 2  11 .6  57.6 2 . 0 2  1 . 6 0 . 0 . 0  

11.y-92 0 . 2 2  U6.0 72.1  4 . 7 9  0 .02  4 . 7 7  

OCZ-89 1 . 5 2  8 2 . 3  69 .4  2 . 8 8  C.60 2 .28  
YSV-89  1 . 6 8  77.2  6 2 . 6  1.97 0 . 6 4  1 . 3 3  
D.c-83 2.92 65 .2  1 8 . 9  1.35 1.04 0 . 3 1  
:an-90 0 .17  7 3 . 2  5 7 . 5  1 . 5 6  0 .14  1.12 

A P P P O  0 . 6 9  7 9 . 9  6 5 . 7  4.06 0.27  3 . l b  
rLz-90 :.I7 7 7 . 6  .63 .0  5 .35  0 . < 8  2.g7 

BOv-90 0 . B S  7 8 . 0  . 6 3 . 6  2 . 1 8  0 . 3 2  1.86 

ApZ-9: 2 . 1 1  8 3 . 5  6 9 . 7  4 . 0 3  0.89 1.14 
K.Y-91 7 . 1 ~  e?.; 7 4 . 5  3 . 9 2  2 . 6 7  1 . 2 5  

3";-91 1 0 . 5 7  9 c . 4  1 7 . 3  - 4 . 0 8  3 . 7 7  0 .32  

s*p-9: 6.21  8 5 . 8  76 .4  3.36 2.29  i.C7 
O.Z-9: :.OB 8 2 . 5  70 .4  2 . 8 5  C . l l  2 . 4 2  

% c - 9 2  2.1: 7 < . 1  53.6 2 . 9 2  0.95 1.91, . 
1 Apr-92 2.U9 8 0 . 9  6 6 . 6  3 . 6 1  1 . 1 7  2 . 4 5  

aun-92 6.94 8 l . U  73.8 4.21  2.64 1.57 

3 
3 
3 
3 
3 

1 
1 
3 
3: 
3 

*.in 5 . 2 0  6 5 . 2  4 1 . 9  1.35 0 . 0 0  o.:o 
E.Z 25.51  9 2 . 0  7 8 . 1  5 . 8 2  4.07 4 . 9 3  
AY.'.P' ( .os 8 i . 5  68 .0  3 . 3 6  1.41 1 . 9 6  

40.35 16.83  2 3 . 4 6  *mu.: A"* 48.99  



T a b h  9-3 

:"1-88 5 . 1 8  
A d s 4 8  8 . 0 1  
5.p-88 1 a . 3 5  
DEl-88 0.78 
YOv-88 3 . 6 1  
D.C-88 1.82  
J.n-89 2 . 6 0  
T.b-89 0 . 7 0  
*..:-e9 1 . 8 4  
Apr-89 2 . 7 0  
".y-89 - 2 . 8 1  
aun-89 8 .23  
a i l - 8 9  5.59 
.Lu9-89 7 .20  
S*p-89 9.74 
O C - 8 9  1 . 6 3  
X i V - 8 9  2 . 9 2  
D.C-89 5 . 6 9  
3.~9: 2 . 3 2  
r.n-9: 5 . 6 1  
w.r-90 3 . 5 4  
Appr-95 0.47 
K.y-93 0 . 8 6  
3x3-90 6 .75  
-'Ul-PO 1 4 . 8 3  
ius-9: 3.73 
S.?-9: 4.09 
O C Z - 9 0  3 . 6 9  

$4: - 0 . 9 6  0.36 
.c-9c 

i. 3.3-91 3.59 
r.h-9: :.67 
XAr-91 4 .95  
np:-91 5.38 
x.y-91 7 . 5 0  
-c.;-91 4 . 9 8  
.X1-91 1 0 . 1 0  
*up-91 1 1 . 9 7  
s*p-9: 3.35 
Oci-91 1.53 
Eov-91 0.67 
mc-91 1 . 2 7  
2.z-92 1 .34  
fab-92 3 . 9 5  

0 .90  
3.0' 
0.75 
6 .09  

0 . 3 6  
18 .35  
4.37 

1 2 . 3 9  

9 3 . 0  
93 .0  
92 .0  
87 .0  
8 3 . 0  
75 .0  
79.0 
79.3 
80.8  
8 4 . 7  

92.4 
92 .4  
9 1 . 8  . 
9 1 . 1  
8 ' . 5  
7 9 . 2  
6 3 . 0  
75 .5  
7 8 . 5  
8 1 . 2  
8 4 . 9  
9 1 . i  
9 3 . 7  
93 .5  
9<.1  
93.9 

83.2  
7 9 . 4  
7 6 . 6  
7 6 . 1  
7 9 . 2  
8 7 . 5  
9L.8 
9L.7 
92.7 
93 .4  
9 3 . 7  
8 6 . 8  
7 9 . 8  
7 8 . 8  
7 3 . 9  
76.2 
7 7 . 6  
15.5 
8 9 . 5  
92 .5  

63.0 
9 < . 1  

18.9  

8 9 . 5  

15.2  

67 .0  
67.0 
66.0  
5 2 . 0  
5 1 . 0  
4 2 . 0  
4 7 . 8  
4 4 . 7  
5 2 . 2  
5 2 . 7  
5 8 . 2  
6 9 . 2  
71.6 
7 0 . 9  
7 1 . 3  
61 .6  
5 3 . 9  
3 8 . 1  
48 .7  
54 .8  
54.4 
57 .8  
67.3 
71 .4  
73.6 
7 3 . 6  
7 c . 4  
6 5 . 6  
5 6 . 2  
5 3 . 0  
5 5 . 9  
5 2 . 0  
5 ' . 8  
6 4 . 4  
69 .2  
7 0 . 1  
7 4 . 1  
7 3 . 9  
70.4 
6 2 . 3  
5 2 . 7  
5 1 . 3  
'3.7 
5 1 . 9  
5 3 . 4  
5 7 . 2  
63 .4  
6 9 . 2  

3 8 . 1  
74.1 
5 9 . 9  

4.57 1.15 2 . 7 2  
4.24 2 . 6 7  1 .57  
3 . 7 2  3 .72  0.00 
2 . 7 7  0 .25  2 . 5 2  
1.9. 1.15  0.78 
1 .43  0.58 0.84 
1.73 0.84 0 .89  
2 . 2 1  0.21 2 . 0 1  
2 . 9 5  0 . 6 4  2 . 3 0  
3 . 2 6  0.95 2 . 3 2  
..75 1.07  3 .68  
3 . 6 0  2 . 6 3  0 . 9 6  
4 . 9 8  2.03 2.95 
4 . 5 0  2 .47  2 . 0 3  
3.46  3 . 0 2  0.44 
2 . 6 9  0 . 5 6  2.13 
1.73 0 . 9 i  0 . 8 5  
1 . 2 0  1.2: 0 .00  
1 .81  0 . 7 6  1 .05 
2 .16  1.7' . 0 . ' 2  
3 . 0 7  1.21 1.87 
4.19  0 . 1 3  4 . 0 7  
4.56 0 .31  4 . 2 5  
< . 6 6  2.35  2 . 3 1  
4 . 4 1  '.'I 0.00  
4 .2I  1.35 2 . 8 9  
] . e 9  1 . 4 4  2.44  
2 . 9 8  1 .25  1 . 7 4  
2 . 1 2  0 .30  1 . 8 2  
:.79 0 . 0 6  1 . 1 3  
1.79 1 . 1 4  0.66 
2 . 2 2  0 . 5 6  1 . 6 6  
2 . 9 4  1 . 6 2  1 . 3 2  
3 . 8 6  1 .84  2 . 0 2  
0 . 5 6  2 . 5 6  2 .00  
s . 5 0  1 .78  2 . 7 2  
1 . 0 8  3 .23  0 . 8 5  
3.71 3.66 0.05 
3 . 3 5  : . i7 2 . 1 8  
2 . 4 3  0 .51  1 . 9 2  
1 . 8 7  0.19 1 . 6 8  
1.57 0.41 1.16 
1 . 5 6  c.43 1.:3 
1.34 1.25  0 . 6 9  
2 . 8 7  0 . 2 9  2 . 5 8  
3 . 5 6  1.08 2.48  . 
. . 7 2  0.26 4 . * 6  
6.36 1.11 2.24  

1 . 2 0  0.06 0 . 0 0  
4.98  t .41  4.46 
3 . 1 6  1.38 1.78 

3 7 . 1 9  16.14 21.11  
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Jul-18 
A"g-88 
*.p-18 
Ost-08 
NOU-88 
D.c-88 
J.n-89 

5 .04  
8.78 

10.12 

3.47 
1.53 
2.75 

2.65 

0.06 
8 .50  
5.44 
5.53 
8 . 7 8  
1 . 8 6  
0 . 9 8  
4.22 
0.27 
3.1.- 

1 . 3 3  
:.91 
8.70 
8 . 5 5  
6 . 6 0  

0.75 

0.15  

0 . 5 9  

1 . 0 9  

3.39 
7.:1 
2 .85  

3.79 
:.20 

4 . 5 7  
9.39 
4 . 1 5  

> 0 . 6 ?  
8.18 
2 . 7 i  
1.2: 
C . 0 6  
0." 
E . 9 8  
4 . 3 7  
1 . 6 2  
1.63 
1.78 

25.9: 

2 . 0 5  

1 . 0 4  
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92.0 
9 5 . 0  
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81.0  
77.0 
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77.8 
7 9 . 2  
81.7 
8 6 . 3  
88.2 
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91.9 
15.5 
79.3 
67 .1  
78.7 
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8 4 . 0  
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92.2 
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6 9 . 9  
71.7 
73.5 
74.1 
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APPENDM C 

SINGLE-FAMILY TELEPHONE SURVEY AND RESULTS 



Nmc; Addiess - m d  Phone N u m k r  of Perron lntervlevcd: 



IF M E  RESPOND- IS CURE Or WHAT nmmD IS. SAY: 

'The Southwtst Florld. Water Xan.gsmcnt Dlrtrlct IS .a pov.mmcnt *genCY 
r.rpon*lble for e n a g i n g  the water  r.sources of our 16 county region. The 
DIstrlct doer not s.11 w.t.r. It lr only a rcgulltory agency. '  

IF THE RESPOND- WAhTS TQ KNOW HORE ABOVT THE PURPOSE OF THE STUDY, SAY: 

"The Info-tion wlll be ueed to try to d=temlne how varlour factors. including 
W.C.I rate=, affact wat.r consumption.' 

IT-THE Rmrnmm RFJSES TO PMTICIPATE. SAY: 

.. 

'I hope w. haven't 1nconvmnlmc.d you t m  much. 
the wat-r management dlrtrist. or chis survey please call 1-800-423-1476. 
you I * 

Q m I o N s i  . .  

I; you have any qvu.rtlons about 
Thank 

1. Do you 11- ln a ~Inpl. funIly r.rldtnc*? 

lpo t o  slngl. fuaily qvu.sLionn1 YES - 
NO - THM ask.  4&&,kln d 1s 1 t7 

I f  Dup1.x . , Townhouse 
Apartmant or'Condo . , THEN 

- t.minat. interv1.v. '1-m sorry. this survey is targeted towards 
slngle family r.sid.ntial water users 50 this wlll conclude the interview. I 
hop. we haven't 1nconveni.nc.d you t m  much. I f  you have any qvrrtlonr a b u t  the 
water mnagemet%t district, or this survey please. call 1-000-421-1476. Thank 
you I 

.- I 
J 
3 
3 
3 -  
1 
I 
I 
I :  
3 
.I 
I 
3 

2 



.. 
' 4 .  Do you Y F ~  hoses and sprlnkltrs Or an in-ground sprinkler system to V a t I r  

IN-CROUND S P R I W E R  SYSl'D4 - IC0 TO 4. c 4bl 

your hvn? 

HOSES W D  S P R I W E R Z  OR DON'T WATER - ISXIP To OUESTION 6 1 .  

lclrclt onel 
4.a. Has there been an In-ground rprlnkl+r ryrtrm rlnc. 19887 . Y E S  NO NOT 

N R E  IF No. U S K I  

ApprOXl-t.Iy vhat m n t h  and year vas It Inrtalled? 

Does the sprink1.r syst.m have an .UtmtIC timer? 

NO -(sxIP TO O m I O N  51 Y I S  -IF YES. ASK: 

Ho- Yr- 

4.b. 

Ham thnr. b..n a timer mint. 19887 YES NO NOT SURE IF NO. hy(: 

Approxlmtely h a t  m n t h  and year vas it installed7 Ho- Ys- 

In your Sprlnk1.r s y m t m  connected to a reclaimed vat.r syStem7 

NO - ISXIP To OVE-S7ION 6 1 .  YES - I C 0  TO 5.1 

'3 5 .  

lcirslc on.) 
5 . a .  Was It connected b.for. 19887, Y Z S  NO NOT S U R E  IF NO. G K :  

..- ApproXimt.ly vhat m n t h  and y.ar W a c  It connectad? Ho- Yr- 

. .  
6. Do you ha". an Irrlvatlon vel1 or pump7 

NO - [SXIP TO QUrSTION 7 )  YES - IC0 TO 6.1 

6.a. Has there been a w.11 or purnp sinc. 1988) ,. 
YES NO' NUT SURE xr NO. ASX: 

Approxinut.ly vhat m n t h  an6 yaar vas it installmd7 Ha- Yr- 

7. Do you o m  your hem.? YES. - No - 
IF NO. L S X ,  1s your water bill included 1- your r y t 7  

YES - No __ Nd SURE lRLSS*TE QUESTION. 1.E. 'do you pay a 
..parate vat.r bill In addltlon to your r.nt7- 



d .. 

1 4 .  Haw you 1nstall .d any -t.r cons.rvlng d t v l s e r  I n  your to i l r t r?  
fTOILm DAHS, ERICIS. WATER BOTTLES, Ex.) , 

NO on NOT SURE IPKIP TO OUZSTION 15) YES - IS' YES, LSK8 

Approxinut.ly v h s t  nanth and year vw'. they Instal l .d7 no Yr 

15. Hav. you 1nstall .d matar eonremlng showrrh.ads7 - YES - NO- 
NO OR NOT SURE - (SXIP To OUilRION 16) YE-r- I T  YES,  ASK: 

Approxlnut.ly vha t  w n t h  and y e a r  w.r. they i n s t ' l l d 7  Ho Y r  

3 

1 

J 
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I 
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1 6 .  I s m  bolng to read a 11.t of ran0.c for market value of hams. If you can 
..tlnut. the lurknt value of your home. pl..s. indicat. In which rmo. it 

li . .  1111.1 , ’ - .. 
! (CIRCLE “HE N E  I N D I C A ~ I  

.. .t ~ 0 , 0 0 0  ’ 

b. ’ 4 0 , 0 0 0  - 60.000 
C .  60.000 - 80.000 

. . .  

~~ ~~.~~~ 
d .  80.000 ’- 100,000 .. 100.000 - 130,000 
I .  130.000 - 160tOO0 
0. 160,000 - 1 0 0 , 0 0 0  
h. 200,000 - 1 5 0 . 0 0 0  
1: 1 5 0 . 0 0 0  - 300 .000  
5 .  >300.000 
k. NOT SURE 

17. m e  next Ilst of vnlues a n  for total household Incane before taxes and 
other d.ductIons. P1.a.e Indlcat. whlch rang. best fits your total household 
incan., 

(IT ASKED, INDICATE THAT SVDIES HAVE SHOWN THAT WITER USE IS RELATED TO INCOHE. 
MY XNCOHE DATA SUPPLIED WILL BE USE0 FOR SIATISTICAL,ANN*LYSIS PURmSE5 0N.X. IT 
WILL NOT PASSED ON TO MY OTHER CROUP OR AGENCY). - 
a .  
b. 

d. 

I. 
9 .  
h. 
I .  
j. 

E. 

e .  

25,000 
25.000 - 40.000 
40 ,000 - 60.000 
60 .000  - 80 .000  
80.000 - 100.000 
100,000 - 120 .000  
120 ,000  - 140 .000  
140.000 - 160.000 
> 160.000 
NOT SURE 

5 
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APPENDIX D 

COMivlERCIAL SURVEYS AND RESULTS 



swFwhul M L n l l - F r n Y  SURVEY 

- - ’ 
WATER SERVICE C O N M m O N  ADDRESS 
FOR WHICH DATA 15 U Q m :  



.. 4 

3. An M of one YIC or more 



1. 

2. 



3 

AVUUGE 
M O r n Y  DCCUPANCY MONTH 

.. 



... 

.. 

... 

. 



2. SEASONAL PAlTERN .,. ... 
h lbe shut below. mlp ."Cn*C monthly ooup.ocy Y t 6 t  ycu call. 

AVERAGE 
M O r n Y  OCCUPANCY 





3 

. .  .. . ... .- 



,- 





.. 

rc. 
BUSINESS AS 

PERCENT OF BUSIFST MONIH , MONTH 

3.  LANDSCAPE IRRIGATION 
ql7 Dou you irrigation -icr comc from (circle 0.4 



I 

I Toble D1. MoilSUfvey Resuis 

.11 

I Averoge 69 Averoge 25 

HOTEL/MOlEL LAUNDRY , 
QUESTION Description Volue Description Value 
Q1 TOIOI count 113 Totol Count 58 

$ Min 10 Mi - 3  
MOx im . MOX 63 ! 

NURSNG HOME 
Dorcription Volue 
Totol Count 54 
Averoge 118 
Min 26 
Mox 7m 

Total Count 54 
Averoge 50 
Min 25 
Max im 

Totol Count 113 Total Count 53 
Average W Average 7 
Min 10 Mln 5 
Mox im MOX . 7 

i 

Q3 Toto1 Count 
Averoge 
Min 
MOX 

113 
81 

Totol Count 
Averope 
Min 
MOX 

53 
1s 

1 
2 

22 
A 
A 

20 
A 
54 

A 
im 

10 
2A 

3 
A 
5 
Totol Count 4 

l_otol Count 
Averoge 
Min 
MOX 

113 
80 

. 9  
im 

Totol Count 
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Table DI. ~ o l l  survey Reruns 

WESTON 

Q? 

. 
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Q l l  

Q12 

Q13 

... 
~~ 

Q14 - 

HOTELIMOTEL 
DeSCriDtion Voiue 
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10 
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Total Count 113 
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MOX io 
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' Q19 
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HOTELlMOTEL LAUNDRY NURSING HOME 
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Table D. I. ~ a a  survey Reruns 
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Table B.1. Mail Survey Resuns 
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Toble DI.  ail Survey Resuns 
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. 

3 



APPENDIX E 

ESTXhWTION OF IRRIGATION WELL LOGlT MODEL 

One may ask why the model includer the groundwater depth variable DWELL instead of 
L variable indicating the presence or absence of an irrigation wcll. This appendix explainz why. 

. It is important to understand the diffmm bewccn caure. steps. and effect in 
consmcting the yam demand quat ion For example. consider a customer who mpOn& to a 
water price in& by installing an irrigation well which, in turn. decruses water rakcn from 
a utility. Rice server as the cause. installation of an inigation well as the step. and reduction 
in utility water use as the effect Other steps could include. for example. improvemenrr in  
irrigation efficiency. reductions in landscape ma. or insrallation of water efficient bathroom 
fKlUCS. 

. .  
~n this smdy. we seek to measure the cause and effect relationship between water price 

and water we. This information is used in a computer rate model to predict the water ILV impact 
resulting from different rate s ~ c m  options. Given this purpau. including the steps as 
explanatory variables in the water demand cquation tends lo bias price elasticity rowa~ds zero. 
This wcurs because the step variables get credit for water use reductions that would otherwise 
be anributed to water price. Because sinking an irrigation well is one of most dramatic steps a 3 customer can lake to reduce utility water ILV, we do not want to exclude this from our measured 
price effect 

/4 

Groundwater level. on the other hand, is a cause variable. As groundwater levcl riWs, 
the financial feasibility of an irrigation well-increws. which if installed decrraws 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 conuol for different gmtmdwaUr levcls among utilities so as 
to not wrongly confuse ill impact with price effectr. 

We tested our hypothesis that customers tend to install irrigation wells as water prim 
increases and as groundwater dcpth riscs Other causal factors can also affect the decision of 
whether or not to include an irrigation wclI. Customers with larger irrigablc mas that w a lot 
of water may find it relatively more wonhwhile to sink a well Wealthy customen might also 
be more inclined hr a way of quanlifying the probability of a home having an irrigation well 
considering lot size, properry value, average well depth. and marginal water price. we consmcted 
a logit regrersion model Lagit models M appropriate wbcn the dependent variable-irrigation 
well-takes on only binary values (0 or 1). The resultr show that the probability of an irrigation 
well increarcs with incnaSing lot six. propeny value. gmundwater level and marginal price. 
Figure E- 1 plorC the rclarionship bcnveen the probability ofan irrigation well and both well depth 
and marginal price given all other vKiablcs are at their mean values. The probability of an 
irrigation well doubles from 32 to 64 percent when average well depth goes h m  125 to 50 feel 

@ and from 25 to 50 percent when marginal price g w  from Sl to 55 per 1.M)O gallom. Details 
Of the logit modcl are shorn in Table E-I. 
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FIGURE E-1. PROBABILITY OF IRRIGATION WELl 
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EXHIBIT 
WATERATE Registered Users 

WATERATE Registered Users 
1. Aloha Utilities 
2. Black and Veatch 
3. Brooksv & Amaden. Inc. 
4. Central County Utilities, Inc. 
5. Charlotte Harbor Water Association 
6. Citrus County 
7. City of Bartow 
8. City of Brooksville 
9. City of Crystal River 
I O .  City of Dade City 
11. City of Dunedin Water Division 
12. City of Haines City 
13. City of lnverness 
14. City of Lake Placid 
15. City of Lakeland 
16. City of N. Miami Beach Util. 
17. City of Northport 
18. City of Oldsmar 
19. City of San Antonio 
20. City of Sarasota 
21. City of Sebring 
22. City of St. Petersburg 
23. City of Tarpon Springs 
24. City of Winter Haven 
25. Florida Cities Water Company 
26. Florida City Water Association 
27. Florida Public Service Commission 
28. Florida Rural Water 
29. Garden Grove Water Company 
30. Grenelefe Resort 
31. Hernando County Utilities Dept. 
32. Hillsborough County, Public Util. 
33. Homosassa Water District 
34. House Natural Res. Com. 
35. King Engineering, Inc. 
36. Law Environmental, Inc. 
37. Malcolm Pirnie, Inc. 
38. Manatee County Public Services 
39. On Top of the World 
40. Orlando Utilities Commission 
41. Pasco County Utilities 
42. Pebble Creek Service C o p  
43. Pinellas County Water Dept 
44. Public Resource Mgmt. Group 
45. Resource Economics Consultants 
46. Sarasota County Gov. Utl. Dept. 
47. Sarasota County Utilities 

f l  

h 

City 
Holiday 
Orlando 
Bradon 
Sarasota 
Harbor Heights 
Lacanto 
Bartow 
Brooksville 
Crystal River 
Dade City 
Dunedin 
Haines City 
lnverness 
Lake Placid 
Lakeland 
N. Miami Beach 
Northport 
Oldsmar 
San Antonio 
Sarasota 
Sebring 
St. Petersburg 
Tarpon Springs 
Winter Haven 
Tampa 
Florida City 
Tallahassee 
Madison 
Winter Haven 
Grenelefe 
Brooksville 
Tampa 
Horn o s a s s a 
Tallahassee 
New Port Richey 
Tampa 
Maitland 
Bradenton 
Ocala 
Orlando 
New Port Richey 
Tampa 
Clearwater 
Maitland 
Gainesville 
Sarasota 
Sarasota 

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 

Page 1 



48. SFWMD 
49. Siesta Key Utilities Authority 
50. Souther States Utilities 
51. SWFWMD 
52. Town of Belleair 
53. Volusioa Council of Government 
54. WCRWSA 
55. SPAAC 
56. World Bank 
57. City of Redwood City 
58. City of Menlo Park 

tXtilBlT i TRW-4) 

WATERATE Registered Users PAGE a OF 2 

4 
West Palm Beach 
Sarasota 

Brooksville 
Belleair 
Daytona Beach 
Clearwater 
Cairo 
Rio de Janeiro 
Redwood City 
Menlo Park 

Apopka 

FL 
FL 
FL 
FL 
FL 
FL 
FL 

Egypt 
Brazil 

GA 
GA 
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EXHIBIT (JRd -5) 

n 

SWFWMD Conservation Rate Study 
Weighting System Scoring 

of Uniform Rate Structure Approved in 
Docket No. 920199-WS 

Criteria Weighting 9i Score Weighted 
Score 

1. Rate shucture form 20 2.5 0.5 

2. Allocation of fixedhiable 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 



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 rm for four different groupings of water plants. The groups consist of 
Previously Uniform, Previously Nonuniform, Marco Island, and Burnt Store. Previously 
Nonunifom 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 matment 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: El-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 
suucture, 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 residential 
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 would 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 fates (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 !ire 
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 revenue 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 gaIIonage charges are entered into WATERATE until the revenues generated from 
rates for conventional (previously uniform and nonuniform) and RO (Marco 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 occumng from the water price changes. 



SCHEDULE OF WATER RATES - 1996 
Summary of Walerale %Ware inputs and Outputs I/ 
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SCHEDULE OF WATER RATES. 1996 
Summary of Waterale Sohvare Inputs and Outputs I /  
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