10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

96-04237

BEFORE THE

1690

FLORIDA PUBLIC SERVICE COMMISSION

—— ———— b A —————— T T e T el S S . ———————

In the Matter of

Application for a rate increase and

DOCKET NO.

_950495-Ws

increase in service availability charges:

by SOUTHERN STATES UTILITIES, INC. for
Orange—-Oscecla Utilities, Inc. in

Osceocla County, and in Bradford, Brevard:
Charlotte, Citrus, Clay, Collier, Duval,:

Highlands, Lake, Lee, Marion, Martin,
Nassau, Orange, Osceola, Pasco, Putnam,

Seminole, 8t. Johns, S8t. Lucie, Volusia

and Washington Counties.

5 BF 86 38

VOLUME 16
Pages 1690 through 1806

PROCEEDINGS: HEARING

BEFORE: CHATRMAN SUSAN.F. CLARK
COMMISSIONER J. TERRY DEASO!
COMMISSIONER JULIA I.. JOHNSON

COMMISSIONER DIANE K. KIESLING
COMMISSTIONER JOE GARCIA

DATE: Friday, May 3, 1996

TIME: Reconvened at 1:15 p.m.

PLACE: Betty Easley Conference Center
Room 148

4075 Esplanade Way

Tallahassee, Florida

REPORTED BY: SYDNEY C. SILVA, CSR, RPR

Official Commission

APPEARANCES:

(As heretofore noted.)

Reporter

5063 96
DOCUMERT MUMBER-DATE

FLORIDA PUBLIC SERVICE COM@[S@[QIS MAY -6

FRPSC-RECOROS/REPORTING




10

11

12

13

14

15

16

17

18

i9

20

21

22

23

24

25

I NDEX
WITNESSES - VOLUME 16

NAME
JANICE BEECHER

Continued Cross Examination

By Mr. Armstrong

Redirect Examination By Ms. Capeless
JOHN WHITCOMB

Direct Examination By Mr. Hoffman

Prefiled Direct Testimony Inserted

Prefiled Rebuttal Testimony Inserted
Cross Examination By Mr. McLean

EXHIBITS - VOLUME 16
NUMBER 1h.

135 (Composite) (Whitcomb) JBW-1 1718
through JBW-6&

136 (Whitcomb) OPC Witness 1785
Exhibits, Whitcomb

PAGE NO.

1693
1711

1716
1719
1737
1773

ADMTD.

FLORIDA PUBLIC SERVICE COMMISSION

1691




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

PROCEEDINGS

(Hearing reconvened at 1:15 p.m.)

(Transcript follows in seguence from
Volume 15.)

CHAIRMAN CLARK: We're ready to go back on
the record. Mr. Armstrong, were you able to cut down
your questions?

MR. ARMSTRONG: Yes, I did, actually, I cut
about three pages worth.

CHAIRMAN CLARK: Good.

MR. ARMSTRONG: Thank you.

CHAIRMAN CLARK: So that concludes your
cross examination, is that correct?

MR. ARMSTRONG: No, I cut three pages, I
still have --

CHAIRMAN CLARK: I'm sorry, I misunderstood
you.

MR. ARMSTRONG: That was wishful thinking.

o em e — —
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JANICE BEECHER
resumed the stand as a witness on behalf of the Staff
of the Florida Public Service Commission and, having
been previously sworn, testified as follows:
CONTINUED CROSS EXAMINATION
BY MR. ARMSTRONG:

Q Dr. Beecher, hello again.

Where we left off, Dr. Beecher, was a
discussion regarding the impact on lenders if the
customer base could not support the cost of water
service. And correct me if I'm wrong, but you were
suggesting that yes, the cost of debt might go up
and/or the lenders might not even lend the money.

Is that your recollection?

A That's correct.

Q Okay. Give those facts, wouldn't you agree
that the Utility may be something less than
disinterested in the rate structure issue and what
rate structure ultimately might come out at the end of

this case?

A I'm sorry, cculd you repeat that?

Q Actually, I should state it in the
affirmative.

A Yes.

Q Doesn't that suggest to you that the Company

FLORIDA PUBLIC SERVICE COMMISSION
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would be very interested in what the rate structure
would be as authorized and required by the Commission?

A That's correct.

Q Thank you.

Dr. Beecher, with your familiarity of water

utility viability and referring specifically to
Page 15, Line 23, of your testimony, would you agree
that the benefits of common management of
noninterconnected systems in terms of, and I'm
quoting, "professional management and technical
viability" should bear egqual weight to a factor
regarding rate subsidization between service areas?

A I think comparing the value of those two
goals together in isolation of other factors would be
very difficult to do. But if what you are suggesting

is that the potential benefits of consolidated

1624

management should be considered in the context of rate

design, I would agree, yes, that's appropriate.
Q Okay, thank you.

In his cross examination, Mr. Twomey
concentrated on the cost of service as a determinant
of rates. Do you recall that?

A Yes, I do.
Q Would you agree that in establishing a rate

structure there are very fundamental principles that
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regulators and public policy makers also have as lofty
principles that are of concern to those regulators?

A Yes, I believe that public utility
ratemaking is guided by a number of lofty and
important principles.

Q Okay. And among those other concerns and
principles would be universal service availability and
affordability in compliance with environmental and
health standards; would you agree?

A I would categorize those principles and
issues as being relatively recent in the scheme of
things as far as what commissions might consider, so I
think they are still relatively new compared to some
of the more traditional principles of public utility
ratemaking.

Q Okay. But would you agree that those would
be principles and considerations that would again bear
just as much consideration as the cost of service
considerations previously identified?

A I'm not sure in thinking about it that I
would necessarily elevate affordability and universal
service to the same level as a guiding principle. I
would probably subsume those under some of the more
traditional public utility ratemaking principles that

are generally used and accepted.
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So, for example, a commission may define
reasonableness or equity or consumer understanding and
acceptance in light of those issues which we might
call sort of secondary guiding concerns.

So, in other words, I guess I'm
distinguishing between very fundamental principles or
traditional principles and these additional
considerations which you could roll into those other
fundamental principles.

Q Would you agree that it would be one of the
fundamental principles that the regulator should
provide the utility sufficient rates in order to
permit that utility to have the funds available to
comply with environmental and health standards which
exist?

A I would say, apart from the compliance
issue, the utility needs to have sufficient revenues
to perform in every respect consistent with all of the
standards that we expect. And those would include
environmental standards; but they would also include
other quality of service and obligation to serve
standards. So revenue sufficiency is, I think, as
fundamental as cost of service in terms of fundamental
ratemaking goals.

Q Thank you.

FLORIDA PUBLIC SERVICE COMMISSION
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Again, just to make it, I hope, succinct on
the record, in your experience you would agree that a
emall utility run perhaps by a developer or the
developer's accountant would be less -- well, it would
be more likely to lack the technical viability
necessary to run a water utility in compliance with
today's rules and regulations? Wouldn't you agree
with that?

A Yes, in general, the technical capability of
small systems is much lesser.

Q And it goes without saying as posed but I'll
ask you if you agree, that if the facility is not run
properly or investments to comply with laws and
standards are not made, the environment and the public
health may be adversely affected?

A Yes.

Q And certainly the protection of the public
health and the environment are at least as important a
consideration as the level of utility rates; is that
correct?

A I would not compare them in exactly that way
in terms of, say, one be}ng as important. I think
it's a matter of trying to achieve compliance with all
appropriate standards in a least-cost manner. And by

that, I mean a long-term perspective about
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establishing a financially viable utility that can
best serve its customers.

Q So it's your belief that the Commission's
obligation in rate-setting is to take a long-term view
in terms of what is in the best interests of the
customers to defined in a broad-based way? Is that
correct?

Let me give you a hint, I'm citing your
deposition, quoting your deposition.

A Thank you. Yes. And to the extent that
they do so, it obviously has to be within the context
of the applicable statutes and policies of the Florida
Commission.

Q Okay, thank you.

On Page 21, Line 11, of your testimony, you
refer to a disadvantage of uniform rates as possibly
giving a disincentive to the utility teo control costs.
Do you see that one?

A Yes, I do.

Q It's your understanding that costs still --

costs still will be reviewed in rate cases; isn't that

correct?
A That is correct.
0 And unreasonable costs would still not be

allowed in a rate case?
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A That would be my understanding, correct.

Q So having worked with the Company for a few
years now with uniform rates, I haven't witnessed any
disincentives for controlling costs. Do you have an
explanation of what you mean there?

A Yes. I, in that instance, was considering
the possibility that a shift away from attention to
system-specific costs and rates might at least
slightly undermine the utility's incentive, the
incentive to control costs at that individual systen,
which is why I think in the possibility of
implementing a single tariff pricing mechanism, it is
important to remain diligent about costs, as you
suggest. I only meant that by averaging prices you
might in a way, perhaps even in just a secondary way,
but slightly provide a disincentive to control costs.

Q Okay. "Slightly," we'll accept. I haven't
seen it but we'll accept "slightly." Thanks.

I'm going to ask you if you could please
assume that the Commission would provide rate relief
for Southern States only on a total company basis. In
other words, Southern States would not be able to
receive rate relief for one service area if we had a
revenue deficiency there. And if you could further

assume that the Commission meets -- sets stand-alone

FLORIDA PUBLIC SERVICE COMMISSION
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rates in this case.

If a revenue deficiency occurs at a
particular service area next year, perhaps because of
a major investment in a service area, but 55U as a
total company still earns its authorized return and
files no rate case, wouldn't it be true that, in
effect, that service area is being subsidized?

A I think as a generalization between rate
cases when there are substantial fluctuations in costs
or other conditions, including demand, there's always
a possibility of a subsidization, I guess, in your
term.

Q So if we have stand-alone rates set in this
case and next year -- you would agree that it wouldn't
be probable that Southern States would make the same
investment in every service area next year, correct?
The identical investment?

A I'm sorry, could you repeat that again?

Q Sure. You would agree that it is highly
unlikely that Southern States next year is going to
make the same exact investment in our service areas,
each of our service areas around the state?

A I guess I would accept that assumption.

Q Okay. So if the Commission were to set

stand-alone rates today for Southern States, next year

FLORIDA PUBLIC SERVICE COMMISSION




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1701

gouthern States makes investments in our facilities
and they are disproportionate, one gets more than
another, wouldn't that in reality suggest that there
is some subsidization going on if Southern States does
not file another rate case next year?

A I'm not sure I can answer as to
subsidization. Absent a rate filing, the utility may
not be able to earn its return if it is making
substantial investment between rate cases, if I
understand you correctly.

Q can I add one assumption to the equation?
The assumption would be that Southern States next year
after making its investments was earning its
authorized return on a total company basis. Would
that indicate to you there is a subsidy going on to
that service area which has received the investments?

A To the extent that costs are being spread
through a uniform tariff, I guess I would agree with
that.

Q Okay. Thank you.

If you could refer to Exhibit 133, which
Mr. Twomey had presented earlier?

A Can you tell tell me which publication that

is?

Q It's the one, "Cost Allocation and Rate

FILORIDA PUBLIC SERVICE COMMISSION
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Design for Water Utilities," Dated December 1990.

A Thank you.

Q And specifically Page 16. If you recall,
Mr. Twomey read from a portion of the paragraph that

starts with, "Generally," that's the last paragraph on

the page?
A Yes.
Q Would you mind reading the last sentence in

that paragraph for me?

A "Water rates, as with other public utility
rates, are based on averaging. That is, average users
having an average load factor; price discrimination is
inherent."

Q Thank you. You would agree, would you not,
that price discrimination -- or actually I hope that
means subsidy -- that subsidy is inherent in any
utility rate?

A That's correct. Because the utility rate
requires averaging; because we don't have
individualized rates for the most part, except for
maybe the exception of single large users under some
circumstances. All ratemaking in my view reflects
some form of averaging.

Q Okay. So even locking at a particular

service area, say we have a large service area that
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serves a ten-square-mile area, We have a customer who
is located right next to the plant and we have the
other customers located furtherest away from the
plant. If we set cost of service based on customers
we would have a significant, significant cost of
service difference, would we not?

A I think that's possible, yes.

Q What would be the reason that you would draw
any more significance to -- first of all, to the
extent you know, electric utilities have generating
stations and subgenerating stations. And to the
extent you know, would you know if you would identify
the cost of service for an electric utility, say,
within the confines of a town? Could you go in and
say, "This is the cost of providing service in the
town of X by this electric utility"? Would you know
if you could do that?

A In other words, I believe you're asking
could you differentiate rates within a large electric
utility in terms of the communities, separate

communities, that it serves?

Q Thank you, that's what I'm asking.
A Well, I guess it is always possible, I
think, to construct a cost of service analysis. I

think our ability in that area is such that we can
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perform that kind of analysis under many
circumstances. The question is whether it is
worthwhile and whether the potential for
differentiating rates is worthwhile.

So, while yes, you could do it, there may be
be and apparently are lots of reasons why we don't do
it.

And there are examples in the water area,
too, where, for example, within large municipalities
some groups of customers might be served by one
treatment plant and infrastructure and another group
is served by another plant and infrastructure. And
generally, they are charged the same rate within a
city. So that's one possible analogy.

Q About a year or so ago, the Commission held
a proceeding and the director of a county water and
sewer utility was asked if the county kept separate
cost of service studies for their systems that were
not interconnected. And his response was, "It would
take a room full of accountants as big as the hearing
room," it was the 0ld hearing room --

MR. TWOMEY: Madam Chairman, I object.

Mr. Armstrong is supposed to testify tomorrow.

CHAIRMAN CLARK: Mr. Armstrong?

MR. ARMSTRONG: I have a question. I didn't

FLORIDA PUBLIC SERVICE COMMISSION
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get to ask the question yet.

CHAIRMAN CLARK: Well, I think you are
testifying as to what another witness said in the
proceeding. Can you substantiate that the witness did
say that?

MR. ARMSTRONG: Well, in the transcript I
could. I don't have the transcript here. But do you
want me to ask the question another way?

CHAIRMAN CLARK: Sure.

MR. ARMSTRONG: Thank you.

Q (By Mr. Armstrong) I guess I haven't seen
it clearly or didn't see it clearly, maybe I missed
it, Dr. Beecher, but there are, you would admit,
efficiencies in the uniform rate structure which go
beyond just having the same tariff sheets for the
utility, aren't there?

A I believe I noted in my testimony that I
think efficiency gains through consolidated management
and operation of the utilities are on the cost side of
the profile and pricing economies are limited, I
believe, to the economies associated in the pricing
process itself. And that might include, for exanple,
regulatory and administrative and customer service
expenses that are linked and can be closely linked to

pricing and the existence of the tariff.
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So I do think it is very important to
understand that economies of scale per se are limited
in terms of what the single tariff pricing option
offers relative to the economies of scale that we
normally think of, which are on the operational side
of the utility. So I do think they are -- economies
of scale in terms of pricing are somewhat limited.

Q In terms of the policy decision that has to
be made regarding uniform rates, if Southern States
were to demonstrate that, while facilities might not
be interconnected physically, operators do operate
multiple facilities and even operators operate
multiple facilities in different counties, do you
think that is a factor to be supportive of the uniform
rate concept?

A I think that's a factor that goes more to
costs than to the pricing consideration. So that even
if all that issue, as well as other costs, were
considered common or easily averaged across all
systems, as long as there's any cost differential the
Commission still must resolve whether or not to move
toward a uniform price. That has to be separately
supported.

Q Okay. You would agree that controlling the

emergence of water systems is perhaps the most

FLORIDA PUBLIC SERVICE COMMISSTON




10

11

12

13

14

15

16

17

i8

19

20

21

22

23

24

25

1707

essential of all viability policies confronting this
Commission? Is that true?

a In our viability work we have emphasized,
yes, the importance of controlling the emergence of
new systems but equally important is finding ways to
deal with the existing small systems that are in
trouble.

Q And just briefly, one of those mechanisms of
dealing with that situation of the existing water
systems is the acquisition of the small facilities by
larger utilities, correct?

A Correct.

Q In your research, are you aware of recent or
within the last couple of years the New York Public
Service Commission abandoned its prior policy of
opposing negative acquisition adjustments?

A Yes, in general terms, I'm aware of that.

Q Would you agree that such a policy of
opposing negative acquisition adjustments would be a
disincentive to acquisitions of these types of
facilities?

A Yes. I believe a number of the commissions
have in the recent years explored the use of
acquisition adjustments as an incentive.

Q Okay. You would agree that rate

FLORIDA PUBLIC SERVICE COMMISSION
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equalization creates winners and losers but also tends
to enhance viability; isn't that correct?

A That's correct.

Q And one means of this rate equalization is a
uniform rate structure; isn't that also correct?

A I would consider uniform rate structure or a
single tariff price the same as rate equalization,
yes.

Q Okay, thank you.

You would agree that the probability of two
service areas having identical costs of service is
very remote?

MS. CAPELESS: Objection, that's been asked
and answered.

MR. ARMSTRONG: Okay, I withdraw it, then,
if it's asked and answered.

Q (By Mr. Armstrong) I would just like to
quote a portion of your deposition at Page 70, you
were referred to it by Mr. Twomey earlier. Do you
have it already?

A Yes, I do.

Q Okay. It begins at Line 11, you stated,
"Given that water is a rising cost industry, one could
certainly argue that commissions have a considerable

obligation to think about ways to mitigate those
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rising costs and provide customers high guality water
at an affordable price."

I was just wondering if you could elaborate
on your statement there.

A In some respects, that statement is one
comparing the water industry to our other utility
industries where technological and economic and
structural changes are providing opportunities to
lower costs and provide consumers more options.

With the water industry, given the cost
pressures we've already talked about, we face
considerable pressure on rates. BAnd so, for policy
makers at the state or local level involved in setting
water rates, I do think this is a time to be extremely
diligent about the efficiency and effectiveness of
water utilities in providing service.

and I think that customers really depend on
ratemakers to construct sclutions that will help
provide water at an affordable price but one that's in
compliance with all appropriate standards.

Q And in fact, if you recall your testimony
earlier in referring to Exhibit 134, Florida does have
the largest number of small systems in poor financial
condition in the country; isn't that correct?

A At the time I compiled that data --
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Q In June 1992, you're right.
A -- right, that was apparent.
Q And at least to some extent, you would agree

that by opposing rate increases and asking the
Commission to ignore the cost pressures on water
utilities which you identified earlier, customers have
something to do with the poor financial condition of
water systems; don't you agree? As reflected in your
deposition.

A I think historically in this country we
probably have underpriced and undervalued water and
those two things go together.

And people feel strongly about the price of
water, I think in part because they view it as such an
essential service. And there's a relatively high
emotional content to water as a service. So in some
respects, I suppose consumer resistance to rate
increases has contributed to the financial viability
preoblem.

However, the underlying issue is really
lacking economies of scale. If that were resolved,
the rate increase issue may be less of an issue
because the system is larger and better able to absorb
costs.

Q Thank you, Dr. Beecher.

FLORTIDA PUBLIC SERVICE COMMISSTON
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Tt wouldn't be surprising -- you've already
testified that water is a highly capital-intensive
industry. It wouldn't surprise you to hear that we've
had a number of customers who believe that water comes
from God and the skies and should be free? That
sounds familiar to you, I'm sure?

A Yes.

Q Last question: You also agree, don't you,
Dr. Beecher, that, and I'm quoting, "The issue of
single tariff pricing is almost exclusively an issue
for investor-owned utilities and that in fact for
municipal utilities it is a common practice." Is
that correct?

A That's my understanding, that's correct.

MR. ARMSTRONG: Thank you very much, I'm
finished.

CHAIRMAN CLARK: Commissioners? Redirect?

MS. CAPELESS: Thank you.

REDIRECT EXAMINATION
BY MS. CAPELESS:
Q We have just a few questions for you,
Dr. Beecher.

Earlier Mr. Twomey asked you about certain

communications that you had with Staff members of this

Commission. Did Commission Staff suggest any

FLORIDA PUBLIC SERVICE COMMISSION
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substantive or topical changes to your testimony?

A No, they did not.

Q To your exhibits?

A No, they did not.

Q How about to your survey?

A No, they did not.

Q Mr. Twomey also questioned you with respect
to pricing below cost and the effect that that has on
economic efficiency. Do prices that are not equal to
costs mean that economic efficiency is eliminated?

A As I have discussed, because we don't
individualize water rates, we can never perfectly
match prices and costs. The equalization of rates or
other rate design options can undermine the price
signal -- in other words, make it less efficient.

It doesn't mean, however, necessarily, that
the rate is entirely inefficient. Rates overall
should reflect overall cost of service; and if they do
so, there can be an efficiency component of that
bill -- of that customer's water bill.

Q Mr. Twomey also asked you a series of
questions about the number of small systems in Florida
and the responsibilities for the creation of those
lying with the Florida Public Service Commission.

You mentioned earlier that you recognized

FLORIDA PUBLIC SERVICE COMMISSION
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that Florida has had a statutory framework wherein
counties can opt to give the Florida Public Service
Commission jurisdiction over water and wastewater
utilities. Do you know how many counties opted to
give the Florida Public Service Commission
jurisdiction during the years 1980 through 19907

A No, I do not.

Q Do you know how many utilities were
inherited by the Commission through the grandfather
process and how many were created through the original
certificate process?

A No, I do not have that data.

MS. CAPELESS: Thank you, that concludes our
redirect questioning.

CHAIRMAN CLARK: Exhibits?

MS. CAPELESS: Staff moves Exhibit 132.

CHAIRMAN CILARK: Exhibit 132 will be
admitted in the record without objection.

MR. TWOMEY: I believe mine was 133.

CHAIRMAN CLARK: Exhibit 133 will be
admitted.

MS. CAPELESS: Pardon me, Madam Chairman,
Staff has objection with respect to Exhibit 133.

CHATRMAN CLARK: Okay.

MS. CAPELESS: We object to moving the

FLORIDA PUBLIC SERVICE COMMISSION
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excerpts in without moving in the entire document. We
would rather have it in the full context of her
publication, and we're willing to supply the court
reporter and the parties with a copy of the whole
document by Monday.

MR. TWOMEY: I'm in complete agreement with
that.

CHAIRMAN CLARK: We will not admit it at
this time; and on Monday, when we have the complete
document, we will label the complete document 133 and
go through the process of admitting it at that time.
And we can take care of 134 at that time also.

MR, ARMSTRONG: Right.

CHAIRMAN CLARK: So 133 and 134 will not be
admitted in the record at this time.

MS. CAPELESS: Thank you.

CHAIRMAN CLARK: Thank you, Dr. Beecher,
you're excused.

WITNESS BEECHER: Thank you, Chairman.

(Witness Beecher excused.)

CHAIRMAN CLARK: T believe Dr. Whitcomb is
the next witness.
COMMISSIONER KIESLING: I'm confused, I

thought we were going to take Mr. Harvey because he

FLORIDA PUBLIC SERVICE COMMISSION
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wasn't available all next week.

CHATRMAN CLARK: No, it was Dr. Whitcomb.

MR. ARMSTRONG: No, we're taking
Dr. Whitcomb today. Harvey is Wednesday.

MS. CAPELESS: I know. But Dr. Whitcomb, it
indicates in the prehearing order that he's not
available after tomorrow.

COMMISSIONER KIESLING: Well, Mr. Harvey is
also indicated as going today because he's not
available all next week.

I may have missed something here, even
though he was rebuttal --

MR. FEIL: Commissioner, it's the 8th of May
Mr. Harvey was primarily concerned with. He =said he
could alter his arrangements if need be to make
himself available the second week of the hearing but
the 8th was the most difficult for him.

COMMISSIONER KIESLING: Thank you.

CHAIRMAN CLARK: Dr. Whitcomb, were you
sworn in?

WITNESS WHITCOMB: I don't believe so.

CHATRMAN CLARK: Okay. Would you please
stand and raise your right hand?

(Witness sworn.)

FLORIDA PUBLIC SERVICE CCOMMISSION
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JOHN WHITCOMB
was called as a witness on behalf of Southern States
Utilities, Inc. and, having been duly sworn, testified
as follows:
DIRECT EXAMINATION

BY MR. HOFFMAN:

Q Would you please state your name and
address?
A John Whitcomb, 1375 Eaton Avenue, San

Carlos, California 94070.

Q Have you prepared and caused to be filed 18
pages of direct testimony excluding the cover page in
this proceeding?

A Yes.

Q Do you have any changes or revisions to your
direct testimony?

A No.

Q Dr. Whitcomb, have you also prepared and
caused to be filed 30 pages of rebuttal testimony
excluding the cover page in this proceeding?

A Yes.

Q Do you have any changes or revisions to your
rebuttal testimony?

A I have caught ocne typo.

] Could you direct us to that, please.

FLORIDA PUBLIC SERVICE COMMISSION
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A It's on Page 13, Line 8, it refers to an

F-test, it should be a J-test.

Q Any other changes to your rebuttal
testimony?

A No.

Q All right. If I asked you the dquestions

contained in your direct testimony and the questions
contained in your rebuttal testimony, would your
answers be the same with the one revision to your
rebuttal testimony?

A Yes.

MR. HOFFMAN: Madam Chairman, I would ask
that Dr. Whitcomb's prefiled direct testimony and
prefiled rebuttal testimony as revised be inserted
into the record as though read.

CHAIRMAN CLARK: The prefiled direct
testimony of John Whitcomb and prefiled rebuttal
testimony of John Whitcomb will be inserted into the
record as though read.

MR. HOFFMAN: Thank you.

Q (By Mr. Hoffman) Dr. Whitcomb, you have
attached six exhibits to your prefiled direct
testimony identified as JBW-1 through JBW-6; is that
correct?

A Yes.

FLORIDA PUBLIC SERVICE COMMISSION
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0] And you have no exhibits to your prefiled
rebuttal testimony; is that correct?
A Right.

MR. HOFFMAN: Madam Chairman, I would ask
that Dr. Whitcomb's exhibits to his prefiled direct
testimony be marked for identification.

CHAIRMAN CLARK: JBW~1 through 6 will be
marked as Composite Exhibit 135.

{Composite Exhibit No. 135 marked for

identification.)

FLORIDA PUBLIC SERVICE COMMISSION
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WHAT IS YOUR NAME AND BUSINESS ADDRESS?
My name is John Whitcomb and my business address is 1375 Eaton
Avenue, San Carlos, California 94070.
BY WHOM ARE YOU EMPLOYED AND WHAT IS YOUR
POSITION?
I am the principal of WATERTECH Software and Consulting located at
the address 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. T 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 Redwood
City, California (1995); Menlo Park, California (1995); San Jose,
California (1994); Ashland, Oregon (1993); Sacramento, California (1992);
West Sacramento, California (1991); Palo Alto, California (1991);

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

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

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

I have authored or co-authored nearly a dozen 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

I35 (JBW-1).
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WHAT ARE YOUR PROFESSIONAL AFFILIATIONS?

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

WHAT IS THE PURPOSE OF YOUR TESTIMONY?

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

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

From 1992 through 1994, I was sub-contracted by Brown and Caldwell to
perform a series of studies of water conserving rate structures. Brown and
Caldwell had been retained by the Southwest Florida Water Management
District ("SWFWMD") to perform the studies. Mr. Jay W. Yingling was
SWFWMD’s senior economist with principal responsibility for the project
management of the study. I was the person with primary responsibility for
quantifying price elasticity and measuring rate structure impacts on water
consumption.

The first study presented to SWFWMD was the study entitled
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"Definition of Water Conservation Promoting Rates" which I will refer to
as the "Conservation Rate Structure Study” which was completed in
February, 1993. The intent of this study was to provide guidance to
utilities in developing water conserving rate structures that would satisfy
regulatory requirements and assist SWFWMD in the ability to quickly
assess whether a rate structure would be effective in promoting water
conservation. A copy of the Conservation Rate Structure Study is
provided in Exhibit |35 (JBW-2).

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% change in
price, all other factors held constant. This study culminated in the "Water
Price Elasticity Study,” which I will refer to simply as the "Elasticity
Study,” which was completed in August, 1993. A copy of the Elasticity
Study is provided in Exhibit 135 (JBW-3).

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
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structures that can vary by season, short- and long-run price elasticity
adjustments specified by customer class, and detailed diagnostics as to the
expected changes in the water use distribution over a three year planning
horizon, SWFWMD has established a toll-free hot-line which utilities can
call to obtain information on WATERATE including a free copy of the
Program. At this time, there are over fifty (50) registered users of
WATERATE, mostly in Florida. Exhibit [32/ '(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 country 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 SWFWMD service area under a wide range of

conditions. The Elasticity Study allowed price elasticity to vary with price
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level ($/ thousand gallons) and with property value. These steps were
specifically taken to make the results more applicable to varying
conditions. Given the geographic diversity of both the SWFWMD and
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, 1 believe the price
elasticities indicated in the Elasticity Study may properly be applied to
Southern States.

I also point out that Southern States was one of the ten utilities

which participated in the Elasticity Study. Specifically, Southern States
provided data relating to the Company’s facilities and customers in the
Spring Hill service area in Hernando County. In addition, Southern States
has 24 water service areas serving an estimated population of 125,000
within the SWFWMD jurisdiction.
DID YOU ANALYZE THE UNIFORM RATE STRUCTURE WHICH
THE COMMISSION PREVIOUSLY AUTHORIZED SOUTHERN
STATES TO CHARGE TO CUSTOMERS IN NINETY OF
SOUTHERN STATES’ SERVICE AREAS TO DETERMINE
WHETHER THAT RATE STRUCTURE WAS PROPERLY
DESIGNED TO RECOVER REVENUE REQUIREMENTS?

Yes. I applied WATERATE to quantify expected changes in water
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consumption as a result of the application of the rate structure authorized
in Docket No. 920199-WS. The principal factor which influenced the
results of this analysis was the Commission’s reduction of the portion of
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 of revenues also increased; the 95% confidence interval
around expected revenues increasing from 5.1 to 7.3 percent.

Since the Commission did not adjust the water consumption levels
requested by Southern States in Docket No. 920199-WS when the uniform
rate structure was established, Southern States requested that 1 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, I 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.
920199-WS.

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

Yes. I applied the criteria set forth in the Conservation Rate Structure
Study and confirmed that the rate structure established by the 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
structure being proposed by SSU in this proceeding, can indeed be
classified as a water conserving rate structure.

COULD YOU BRIEFLY DESCRIBE THE RATE STRUCTURE

PROPOSED BY SOUTHERN STATES IN THIS PROCEEDING?



10

11

12

13

14

15

16

17

18

19

20

21

22

1727

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
fixed/variable charges, sources of utility revenues and communication on
customer bills. As indicated in Chapter 7 of the Conservation Structure
Rate Study, upon application of these criteria, a score of 3.2 qualifies as
a water conserving rate structure. I applied these criteria to Southern
States and arrived at a score of 3.2, My calculations are provided in
Exhibit _]3_7/ (JBW-5). I also have been informed that Southern States is
in the process of including historical billing information on customer bills.
Once this information is provided, the rating would be a 3.3, further

confirming the water conserving nature of the proposed structure,
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I understand that some argue that only an inverted block rate
structure can be a water conserving rate structure. There is no empirical
support for such a 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.

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

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

desire to send the conservation message to its customers while also

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

This inordinate level of business and financial risk arises from the
fact that SSU experiences a large variation in annual water use, largely
caused by variations in weather. High year-round evapotranspiration levels
combined with irregular rainfall 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 vaﬁation in water use translates into a relatively large
variation in revenues. The precise magnitude of revenue deviation depends
on rate structure. A rate structure that collects a large share of its revenues
through a fixed monthly service charge, for example, tends to be more
stable in generating revenues. A single water price tends to be 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.
HAS COMMISSION STAFF RECOGNIZED THE NEED TO
COORDINATE A WATER CONSERVING RATE STRUCTURE
WITH A UTILITY’S REVENUE STABILITY?
Yes. In its white paper entitled, "Water Conservation Rate Structure
Policy" dated December, 1993, Commission Staff made the following
observations which 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

12
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gallonage charge will lessen the base charge which may
impact the revenue stabilit& of the utility. Generally, fixed
costs are 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.
HAVE YOU USED THE ELASTICITY STUDY MODEL TO
DETERMINE THE LEVEL OF REDUCTIONS IN WATER
CONSUMPTION WHICH WOULD RESULT UNDER THE
COMPANY'’S PROPOSED RATE STRUCTURE?
Yes. Applying the elasticity study model results in a consumption
reduction of approximately 11% for the conventional and 2.7% for the
reverse osmosis service classes on an annual basis. Exhibit @?JBW-Q
provides further discussion of the application of the Elasticity Study, the
assumptions used in the model and summarizes the results from the values
inputted into the WATERATE model to derive this amount.
HAS SOUTHERN STATES ADJUSTED ITS PROJECTED 1996

ANNUAL CONSUMPTION TO REFLECT THIS LEVEL OF

13
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ELASTICITY?

Yes.

DO YOU BELIEVE THAT SUCH AN ADJUSTMENT IS
REASONABLE?

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

IS SOUTHERN STATES 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
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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-
win-win situation resulting from improved regulatory operation.

The advantage to SSU is revenue stability. SSU probably has one
of the highest exposures to revenue fluctuations in the country, largely
caused by weather. This exposure necessitates SSU to seek rate structures
that 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
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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 1s 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
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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
restrict demand. Adoption of the WNC would lead to the improved
financial viability of its regulated water purveyors by reducing risk, it
would reduce regulatory administration and dramatically increase efforts
to promote water conservation, and it would lower costs to customers and
facilitate a proper level of revenue collection.
WHAT ARE THE DISADVANTAGES OF THE WNC?
I do not see any 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. [ believe that any perceived
disadvantage is more than offset by its advantages as stated previously.
IS THERE PRECEDENT FOR THE WNC?

The WNC concept originates from the fuel-cost adjustment charge (FCA),
purchased gas adjustment (PGA) and weather normalization adjustment
clause pass through mechanisms commonly used by electric and gas
utilities. The objective is to make automatic adjustments to rates on a
predetermined basis.

There are several criteria 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 control of the utility. SSU’s
case meets these criteria. An adjustment mechanism seems ideal for this
situation.

DOES THAT CONCLUDE YOUR TESTIMONY?

Yes, it does.

18
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ARE YOU THE SAME JOHN B. WHITCOMB WHO SUBMITTED
PRE-FILED DIRECT TESTIMONY IN THIS PROCEEDING?
Yes, I am.

WHAT IS THE PURPOSE OF YOUR REBUTTAL TESTIMONY?

I will rebut portions of the testimony of Public
Counsel witness David E. Dismukes, Ph.D.
Generally, through this rebuttal, I intend to
establish that (1) the 40/60 split of base facility
to gallonage charge structure proposed by SSU is
the appropriate structure given real world facts
and circumstances; (2) the elasticity adjustments I
propose are reasonable and required to recognize
real world facts and circumstances; and (3} the
weather normalization clause proposed by SSU 1is a
win-win-win for SSU, its customers and Florida‘s
water supply.

HOW WOULD YOU SUMMARIZE DR. DISMUKES’ DIRECT
TESTIMONY CONCERNING THE USE OF THE SWFWMD STUDY IN
THIS RATE PROCEEDING?

Dr. Dismukes’ assertions show a lack of knowledge
of water demand modeling, of the water demand
research literature, of statistical inference, and
of general statistical hypothesis testing. In
short, he casts stones without doing his homework.
He attempted to discredit the SWFWMD study by

1
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making a number of unfounded and faulty assertions.
In this rebuttal testimony I will respond to each
point in turn. I hope those reading my rebuttal to
his testimony can clearly see that Dr. Dismukes’
assertions do not hold water. Some of the points
are technical in nature and require some
statistical background to fully understand. I have
tried to explain the points in laymen’s terms. The
reader should know this is not simply two experts
with two differences of opinion. Dr. Dismukes has
made gross misstatements and errors which I will
elaborate upon further.

DR. DISMUKES BELIEVES THAT THE SWFWMD WATER PRICE
ELASTICITY MODEL IS “NOT AN ACCURATE REPRESENTATION
OF 88U'S SERVICE TERRITORY” (PAGE 5, LINE 17).
COULD YOU DESCRIBE THE EVIDENCE HE PROVIDES AS
SUPPORT FOR THIS BELIEF?

Dr. Dismukes mistakenly argues at page 6, lines 3
through 4 that SSU's rate structure is different
than the increasing and declining rate structures
mostly used in the SWFWMD study. He states that
SSU has a non-block {("uniform per unit”} quantity
charge. He overlooks, however, the fact that sewer
price is also an integral part of the total price
signal sent to customers. When sewer price is
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considered, SSU has a combined water and sewer
declining block rate structure as the sewer
quantity charge is capped at 6 TG/month in most
service areas. Dr. Dismukes’ assertion that SSU's
rate structure is not similar to the utilities in
the SWFWMD study is false.

Dr. Dismukes then goes on to quote Exhibit
lﬁé:_ (JBW-3), from his prefiled direct testimony
page 27, and notes that relative changes in
disposable income can result from different rate
structures, even though marginal prices are the
same. He concludes from this that “This is the
particular reason why I do not believe the price
elasticities generated in the SWFWMD residential
water demand study should be applied in this
proceeding”. If Dr. Dismukes had read on to page
28 of Exhibit /3% (JBW-3), he would have found
that differences in income from different rate
structures have been specifically accounted for.
The differences have been subtracted from the
wealth (property value) variable as described in
further detail on page 57 of Exhibit Lﬁj:; (TBW-3) .
Not only did Dr. Dismukes miss the point, but
researchers with experience in water demand
estimation would also know that this disposable
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income effect resulting from alternative rate
structures is negligible. Even in the most extreme
SWFWMD case, the change in disposable income from
alternative rate structures 1is less than one
percent of disposable income and is trivial.
DOES DR. DISMUKES PROVIDE ANOTHER REASON WHY THE
SWFWMD RESULTS ARE NOT APPLICABLE TO SSU?
Yes. Dr. Dismukes questions the use of a “ramped”
price. Dr. Dismukes states “there is no theoretic
justification to support the notion that customers
react to both average and marginal prices” (page 8,
line 5 through 6) and that “most of the literature
in this area focuses on either set of prices
(marginal or average)--not some version of both.~”
This is not true. If Dr. Dismukes reads some of
the most recent water price elasticity work, he
would find the growing dissatisfaction among
researchers with average and marginal price
specifications in the context of block rates. For
example, see Shin, The Review of Economics and
Statistics, pages 67, 591 through 598, published in
1985 and Nieswiadomy and Molina, Land Economics,
pages 67(3), 352 through 359, published in 1991.
The ramped price specification used in the
SWFWMD study recognizes that customers' perceptions
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of block rates do not follow discrete steps.
Admittedly, the study is innovative, new and not
yet tried by other researchers. In Dr. Dismukes
opinion, “regulatory proceedings are no place to
experiment with untried and gquestionable methods”
(page 8, lines 19 through 20). So be it. I also
estimated the updated residential demand model
using the widely used marginal price specification
as well as three other types of averaged prices.
The results from all specifications led to price
elasticity curves that are almost identical. The
results are robust in that they do not vary
significantly with price specification assumption.
The ramped price specification has more theoretic
than practical implications in the SWFWMD study.
Given this, Dr. Dismukes’ conclusion that “Thus,
price elasticities used from such a model are
inapplicakle for use in this proceeding” (page 8,
line 14 through 15) are groundless.

DR. DISMUKES ACCUSES THE WATER DEMAND MODEL OF
BEING OVERLY SENSITIVE TO CHANGES SUCH AS RELAXING
A PARTICULAR CONSTRAINT. HE CITES THE DIFFERENCE
IN THE MODEL ESTIMATES SHOWN IN EXHIBIT /35 (JBW-
3) TO THE UPDATED DEMAND SPECIFICATION PROVIDED IN
88U’S RESPONSE TO PUBLIC COUNSEL‘’S REQUEST FOR

5




10
i1
12
13
14
15
16
17
18
1%
20
21
22
23
24

25

1742

PRODUCTION NO. 230. DR. DISMUKES CONCLUDES THAT
THESE DIFFERENCES PRESENT “SOME RATHER DISTURBING
RESULTS.” PLEASE EXPLAIN WHAT DR. DISMUKES IS
DOING IN THESE PORTIONS OF HIS TESTIMONY.

Dr. Dismukes 1s comparing apples to oranges. He
fails to realize that in these nonlinear models,
coefficients are not additive but multiplicative.
In the residential model presented in Exhibit jgiéj
(JBW-3), the base water use coefficients are set to
relate to a price of $7.05/TG. In the updated
demand specification, base water use coefficients
are set to relate to a price of $0.00/TG. That is
why he finds the base coefficients related to the
intercept term, number of occupants, and NIR to be
much higher. At a $0.00/TG price water use is much
higher. They are completely different stories.
The model specifications also differ in the number
of variables considered and in how property wvalue
is treated. In no circumstance would anyone expect
the model coefficients to be the same in both
models. Yet Dr. Dismukes seems to believe it is a
prerequisite for consistency that two entirely
different model specifications have the same
coefficient estimates. This is clearly false.

AT PAGE 10, LINES 15 THROUGH 16, DR. DISMUKES
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CRITICIZES THE UPDATED WATER DEMAND SPECIFICATION
IN THAT IT “CREATES AN UPWARDS' SLOPING DEMAND
CURVE AT PRICES GREATER THAN £$8.34/TG.” IS THIS
REASON TO DISMISS THE MODEL AS IMPLAUSIBLE?
No. The range of prices in the SWFWMD study is
from $0.40/TG to $7.05/TG. I estimated a flexible
demand curve that best fit the 42,257 data points
with prices in this range. The resulting demand
curve is negatively sloped over this range of
prices, a finding consistent with the first law of
demand theory. For prices greater than $7.05/TG,
the shape of the demand curve is unknown. It 1is
beyond the range of “experience” and no inferences
are made. The WATERATE software application
measuring the water price elasticity change
(repression) makes use of the SWFWMD price
elasticity estimates up to $7.05. For prices above
$7.05, WATERATE is programmed not to use the SWFWMD
elasticity algorithm. That would be an improper
use of the results of the study. Prices considered
in this proceeding are below the $7.05/TG level.
That Dr. Dismukes extrapclates prices beyond
the range of experience and finds an upward sloped
demand curve for prices higher than $8.34/TG ig of
no consequence. It is qgquite likely that an unusual
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shape may result outside the sample range of prices
as no data observations are present to make the
nonlinear curve behave in this outer region.

This is an important point to understand.
Hence, I will illustrate the point further using a

more conventional example commonly used in

introductory statistical courses. On page 20 of
Exhibit /3% (JBW-3), there is a linear demand

curve fitted to 10 water utility observations of
water use and price. This type of linear curve is
common and has been used in about half of the water
demand studies reported in the literature of this
field, Anyone reading this testimony likely has
fitted a linear curve to data at some point. If
one extrapolated a price higher than about $8.00/TG
on this graph, it is clear that the demand curve
would intersect the vertical price axis. Prices
over $8.00/TG in this case would be associated with
negative water use as the demand curve would go off
to the left of the vertical axis. Is the model
faulty for this fact? O0Of course not. The model
provides an understanding of the data within its
range of experience. Ig it proper to use the model
to extrapolate the water use associated at a price
of say $9.00/TG? No, this would obviously be an
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improper inference. The problem is not with the
model, but the inference made by Dr. Dismukes. One
does not discredit a linear curve just because if
you extrapolate the linear curve beyond the range
of data points it goes into an infeasible range.
If this were the case, no one could ever use a
linear demand curve, or just about any curve for
that matter.

And yet that standard is being applied by Dr.
Dismukes to the demand curves in this case. On
page 11, lines 4 through 5, Dr. Dismukes states
that “this is a significant error and any empirical
model which produces such a result should be
unguestionably dismissed.” Dr. Dismukes has just
dismigsed over 90 percent of all research of any
kind of any discipline.

I believe Dr. Dismukes picked up this faulty
point by parroting a peer review comment from a
paper I submitted to a Jjournal called Water
Resources Research concerning the SWFWMD study.
This was stated by one of the reviewers as the
*fatal flaw” in our analysis and caused a rejection
of the paper for publication. I and my colleagues
found this unjust and unreasonable, but without
recourse. The senior economist at SWFWMD, Jay
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Yingling, is satisfied that the price elasticity
results passed peer review -- noting that the
second peer reviewer thought the paper was good.
SWFWMD wasg unconcerned about the behavior of the
demand curve above §$7.05/TG. As a conseguence,
SWFWMD entered into an agreement with me to
distribute an updated version of the WATERATE (2.2)
software with full confidence in its results.

THE THIRD STANDARD DR. DISMUKES USES TO EVALUATE A
STATISTICAL MODEL IS ITS EXPLANATORY POWER. HE
STATES THAT “THE RESIDENTIAL WATER USE MODEL
PRESENTED IN THIS PROCEEDING HAS A RATHER LOW R’ OF
ONLY 0.59” (PAGE 12, LINES 13 THROUGH 14). DO YOU
AGREE THAT YOUR R?’ IS LOW FOR THIS TYPE OF STUDY?
Again Dr. Dismukes shows a lack of knowledge of the
literature on water demand estimation. An R? value
for a cross-sgsectional water use model of individual
customers of 0.59 1s typical if not relatively high
compared to other similar studies. Below is a list

of comparable studies with their reported R? values:
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Price Elasticity Study Model R?
Chicoine et al. Water Resources 0.49
Research 22 (6), 1986. 0.69
Chicoine and Ramamurthy, Land 0.56
Economics, 62(1), 1986.
Hanke and de Mare, Water Resources 0.26
Bulletin, 18(4), 1982.
Gibbs, Water Resources Research, 0.46
14 (1), 1978. 0.62
Jones and Morris, Water Resources 0.23
Research, 20(2), 1984. 0.23
0.25
0.26
0.26
0.28
Nieswiadomy and Molina, Land 0.34
Economics, 65(3), 1989, 0.46
0.26
0.11
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When using individual custome; data on a
monthly time resoluticn, there are many small
factors that can affect water consumption. For
example, your aunt and uncle decide to come visit
in the winter. Kids go off to college or come back
after college to live. Your toilet gets a leak.
You go on vacation. The sprinkler system is left
on overnight. These types of events can cause
unexplainable ™“noise” in the water use model.
Adding explanatory variables does little to reduce
this type of noise. Cross-sectional models of this
type have inherently lower R? values than models of
aggregate water consumption or time-series models.
DR. DISMUKES ALSO STATES THAT THE PARAMETER
ESTIMATES FOR THE LOW AND MEDIUM PROPERTY VALUE
CURVES ARE NOT HIGHLY STATISTICALLY SIGNIFICANT IN
THE RESIDENTIAL MODEL SHOWN IN EXHIBIT /35  (JBW-
3). IS HE CORRECT?

No. Dr. Dismukes is making faulty hypotheses
tegts. The low, medium and high property wvalue
demand curves reflected in Exhibit /35// (JBW-3)
are each comprised of two nonlinear coefficients.
For the low property value curve, Dr. Dismukes
looks at the T-test of one of the coefficients in
igolation (¢9 on page 55 of JBW-3) and concludes
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that the coefficient is not significant at the 95
percent confidence level, although he finds that it
is at the 90 percent level. He arrives at the same
conclusion for one of the coefficients of the
medium demand curve.

Because each demand curve is made up of two
coefficients, however, they must be looked at as a
group. Dr. Dismukes needs to conduct a%gltest, not
a T-test, of the Jjoint hypothesis that the
coefficients are insignificant. If he did so, he
would find the demand curves are highly
significant. His conclusion that “the Commission
not accept the price elasticity estimates proposed
by SSU in this proceeding” (page 13, 1lines 3
through 4) is 1invalid because his premise of
“marginally significant parameter estimates” (page
13, line 2) is false.

Furthermore, I would like to add that in the
updated residential demand specification listed in
SSU’'s response to Public Counsel’s Seventh Set of
Request for Production of Documents No. 234, the
demand curve coefficients also are highly
gsignificant.

DR. DISMUKES STATES THAT THE SWFWMD COMMERCIAL
MODELS LACK STATISTICALLY POWERFUL RESULTS. DOES
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THAT MEAN THAT THE RESULTS HAVE NO VALUE?

Most of the resources and focus of the SWFWMD price
elasticity study were aimed at single family homes.
The study developed a detailed and large database
containing water use characteristics of 1,200 homes
from 10 utilities. This is by far the best set of
data collected for any price elasticity study. The
commercial database was smaller and given Iless
priority. As a consequence, the SWFWMD elasticity
results for commercial users were mixed. For some
commercial classes, the modeling process worked
well. For hotels/motels, as an example, the water
demand model had a relatively high R? value (0.43),
a statistically significant price coefficient, and
a -0.48 price elasticity. In other classes, such
as hospitals, the modeling process did not work
well. Smaller sample sizes were part of the reason
for the mixed results in comparison to the
extensive database created for the single family
residential users. While the commercial elasticity
results may not be conclusive, they do show strong
evidence that commercial customers are modestly
sensitive to price. In this rate case, non-
residential users are assumed to have a long-run
price elasticity of -0.20. I believe this is a
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conservative assumption given the much higher price
elasticities quoted in the literature on the
subject. Dr. Dismukes offers no evidence to
counter this claim.

DR. DISMUKES' PRIMARY RECOMMENDATION IS THAT “THE
COMMISSION NOT ACCEPT THE REPRESSION ADJUSTMENT
PROPOSED BY SSU BECAUSE IT IS BASED UPON A
STATISTICAL MODEL WHICH DOES NO'I‘ MEET ADEQUATE
STANDARDS FOR REGULATORY USE. THUS, HE PROPOSES
THAT NO REPRESSION ADJUSTMENT BE ALLOWED IN THIS
RATE CASE. DO YOU BELIEVE THIS I8 JUSTIFIED?

The recommendation that no price elasticity
adjustment be allowed ignores all theory, evidence,
and logic. The first law of demand in economic
theory, as Dr. Dismukes even recites on page 10,
lines 22 through 23, states that as price goes up,
gquantity demanded goes down. There are well over
100 empirical studies supporting this relationship
with water. The SWFWMD study shows conclusive
evidence of this fact in Florida. Dr. Dismukes'
wife, Kimberly Dismukes, at page 11, line 20 of her
direct testimony even recommends increasing the
percentage of revenue collected by SSU in the
quantity charge to a 75% level in order to produce
greater levels of conservation. Perhaps more men
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ought to listen to their wives. The conclusion
that the price elastic adjustment 1s zero is
ludicrous, especially when taking into
consideration the large price signal increase which
arises in this proceeding.

The SWFWMD price elasticity study provides a
solid foundation for making an estimate of the
price elasticity adjustment. The study was
financed by the SWFWMD for the specific purpose of
assisting water agencies 1in forecasting price
elastic water use changes. Dr. Dismukes was hired
to discredit this study. He attempted to £find
arguments and technicalities which would result in
the study being “unquestionably dismissed” (page
11, line 5). I have responded to each criticism in
turn. Each of Dr. Dismukes’ assertions are faulty.
Some assertions showed a lack of knowledge of water
demand estimation and the research literature on
the subject. Dr. Dismukes failed to recognize that
the sewer price 1s part of the price signal sent to
customers. He failed to recognize that the SWFWMD
residential model accounted for disposable income
effects resulting from alternative rate structures.
He failed to recognize that this was a negligible
point anyway. He failed to throw out the study
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based on price specification, because the results
are robust to price specification assumption. He
failed to understand the nonlinear nature of the
model and wrongly interpreted a change in model
specification as coefficient instability. He
failed to understand the statistical inferences
made in this study by extrapolating price past the
range of experience and past the range of prices
under consideration in this proceeding. He failed
to make wvalid hypothesis tests regarding the
statistical significance of the residential demand
curves. Finally, he failed to find evidence
refuting the conservative assumption that the non-
residential long-run price elasticity is -0.20.

In the face of all evidence to the contrary,
Dr. Dismukes concludes that the price elasticity
adjustment should be zero. I disagree. The price
elasticity adjustment is not trivial and should not
be ignored.
DR. DISMUKES’ ALTERNATIVE RECOMMENDATION IS THAT IF
THE COMMISSION ACCEPTE THE WNC, S$S8U SHOULD GET 50%
OF THE SHORT-RUN PRICE ELASTICITY ADJUSTMENT. HE
STATES “THESE PERCENTAGES MERELY SHARE THE RISK
ASSOCIATED WITH REPRESSION EQUALLY BETWEEN COMPANY
AND RATEPAYERS." IS THIS A VALID USE OF THE

17




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

1754

EVIDENCE?Y

No. The best estimate of the price elastic water
use adjustment is 100% of the short-run response.
From a statistical viewpoint, this is the middle
ground. The real price elastic response is equally
likely to be over or under this 100% value. Dr.
Dismukes implicitly assumes that the real price
elasticity adjustment is between 0 and the WATERATE
result. His recommendation of a 50% adjustment is
arbitrary. No evidence is offered to support such
a recommendation.

DR. DISMUKES RECOMMENDS A SHORT-RUN ELASTICITY
ADJUSTMENT OF 50% INSTEAD OF 75%. PLEASE EXPLAIN
WHY YOU USED 75%.

I believe that the short-run half 1life for the
long-run price elasticity of demand is one Yyear.
In other words, 50%, 75%, 87.5%, and 93.75% of the
long-run price impact will take effect over the
first, second, third, and fourth years after a
price change. I used a 75% estimate for this rate
case for two reasons. First, I knew interim rates
were possible. Interim rates significantly
increase the price signal sent to customers and
begin to set in motion the long-run price elastic
effect. Hence, a greater part of a year will
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already go by with the higher rates in place before
final rates are implemented. This leads me to
reason that the 75% adjustment is more appropriate.
In addition, I see the price elastic adjustment in
this rate case to occur over a multiyear period. I
believe it will be more than 12 months after final
rates are adopted in this case before S3SU will file
another rate case and a subseguent set of rates are
adopted. Hence, over a longer periocd a higher
short-run adjustment factor is warranted.
DR. DISMUKES ADJUSTS YOUR PROPERTY VALUE
DISTRIBUTIONS FROM 33/34/33 TO 40/36/24 PERCENT FOR
LOW, MEDIUM, AND HIGH PROPERTY VALUES RESPECTIVELY.
IS THIS A CORRECT USE OF THE MODEL?
Yes. The SWFWMD study found that price elasticity
can vary with property value. Dr. Dismukes states
that he used the 1990 Census data to calculate the
rercentage of homes in the $0 to 55,000, $55,000 to
81,300, and $£81,300 and above ranges. He finds
these “percentages are 40, 36, and 24 percent for
low, medium, and high income property values,
respectively (page 17, lines 18 through 19).

I found it difficult to calculate the property
value percentages from the 1990 U.S. Census data
because SSU's service areas do not generally follow
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Census boundaries. If Dr. Dismukes has done the
calculations, I would be eager to see the results.
DR. DISMUKES’ SECOND ALTERNATIVE RECOMMENDATION IS
THAT IF THE COMMISSION REJECTS THE PROPOSED WNC,
88U SHOULD BE ALLOWED 50% OF THE LONG~RUN PRICE
ELASTIC RESPONSE. IS THIS REASONABLE?

No. Again he has selected an arbitrary number
without any justification or evidence.

Rebuttal to Kimberly H. Dismukes

Weather Normalization Clause

MS. DISMUKES STATES AT PAGE 4, LINES 11 THROUGH 12,
THAT THE WEATHER NORMALIZATION CLAUSE WILL “PASS
THE RISK ONTO CUSTOMERS”. IS SHE CORRECT IN HER
ASSESSMENT?

No. Just the opposite. With the proposed weather
normalization clause, which I will refer to as the
WNC, total revenues collected from customers would
be nearly constant over time. In high water using
years, the WNC will rebate money to customers. In
low water using years, it will collect more money.
The result is that revenues collected per customer
will be fairly constant vear to year. It would add
stability to the amount customers pay for water,
not instability. Under the current system, without
the WNC, year to year fluctuations in revenues
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collected from customers can be large. The WNC
decreases risk for both customers and SSU.
Perhaps it is a knee-jerk reaction to believe

that whatever is good for SSU must be bad for

customers. It is possible to have win-win
situations for all parties. The WNC is such a
case.

MS. DISMUKES DOES NOT BELIEVE THAT THE WNC WILL
REDUCE LITIGATION COSTS ASSOCIATED WITH
ESTABLISHING THE APPROPRIATE TEST YEAR CONSUMPTION
LEVEL (PAGE 5). IF THE WNC IS ADOPTED, WCULD AN
ADVERSARIAL CLIMATE STILL EXIST?

No. With the proposed WNC, SSU likely would accept
any consumption level recommended by the OPC and/or
Commission. With the WNC, it is in everyone's
interest that the consumption level be properly set
go as to minimize the magnitude of fluctuation in
the WNC. Under the current adversarial process,
SSU must expend significant SSU staff time and hire
outside consultants 1n order to precisely and
accurately measure price elasticity adjustments to
water use and quantify water conservation savings.
Significant resources are also spent in defending
these results. With the successful adoption of the
WNC, SSU likely would agree to use OPC's inflated
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1 base water consumption levels, follow Dr. Dismukes’
2 unfounded recommendation that the price elasticity
3 repression is zero, and throw out the water savings
4 from SSU's conservation programs. SsSU  would
5 eventually collect the lost revenues from large
6 increases in the WNC adjustment. From the
7 Commission's viewpoint, however, it would be best
8 to adopt realistic water consumption levels so as
9 to minimize the magnitude of the WNC.
10 Q. MS. DISMUKES OBSERVES THAT CHANGES IN WATER
11 CONSUMPTION CAN CHANGE VARIABLE COSTS SUCH AS
12 PURCHASED WATER, POWER, AND CHEMICALS (PAGE 6
13 THROUGH 7). SHE RECOMMENDS THAT THESE COSTS BE
14 ADJUSTED FOR IN THE WNC. IS THIS POSSIBLE?
15 A. Yes. A variable cost adjustment could be factored
16 into the WNC. The reason it was not included in
17 our proposed WNC is that it adds another level of
18 complexity to the WNC. As the WNC stands, some
19 such ag Sugarmill Woods witness Buddy Hansen at
20 page 24, lines 1 through 3 of his testimony,
21 believe the WNC is already too complicated. SSU
22 does not agree that the variable cost adjustment
23 should be included in the WNC because it would add
24 complexity with no significant purpose.
25 Q. MS. DISMURES WANTS TO RKNOW ABOUT HOW THE WNC WILL
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BE TREATED ON THE CUSTOMER BILL AND RECOMMENDS THAT
IT BE A SEPARATE LINE ITEM (PAGE 7). WHAT ARE YOUR
COMMENTS?

The water bill should be designed to be clear and
readily understandable by the customer. Ms.
Dismukes recommendation for a separate line item
would seem appropriate.

MS. DISMUKES STATES THAT THE WNC MAY CREATE
CUSTOMER CONFUSION AS THE WNC WILL INCREASE WHEN
AGGREGATE WATER USE FALLS AND VICE VERSA (PAGE 7-
8). WHAT ARE YOUR COMMENTS?

It is important to minimize fluctuations in the
WNC. As the WNC becomes large (either positive or
negative), it will play a larger role in the
outcome of customers' bills. The best way of
minimizing fluctuations in the WNC would be to
project 1996 water consumption at an unbiased
level. Also, it is no secret to anyone that in the
absence of a WNC, if customer consumption falls, a
rate increase will follow because the utility will
be unable to collect its revenue reqguirements. So
the short answer is that the WNC rate fluctuation
ig no different than what occurs now —- except that
the WNC would create a more gradual fluctuation of
rates, up and down, and cost customers less in rate
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case expense.

MS. DISMUKES’ ALTERNATIVE RECOMMENDATION IS THAT
THE WNC ONLY ACCOUNT FOR 50% OF THE CHANGES IN
CONSUMPTION. WHAT ARE THE DISADVANTAGES OF THIS?

Tt will increase litigation and bureaucracy. The
process of setting water consumption levels will
still be adversarial and no litigation costs will
be saved. In addition, the new administration of
the WNC will need to be undertaken. The net affect
is that the costs of both approaches will continue,
but only partial benefits of the WNC will be-
realized. It would be more prudent to drive on one
side of the road or the other, not down the middle.
MS. DISMUKES’ ALTERNATIVE RECOMMENDATION STATES
THAT IF THE SSU RATE STRUCTURE IS ALTERED TO
COLLECT 75% OF REVENUES VIA THE GALLONAGE CHARGE,
THE WNC SHOULD BE ALLOWED TO ACCOUNT FOR 75% OF THE
VARIATION IN WATER USE. WHAT ARE YOUR COMMENTS?

It is logical to reason that if the percentage of
revenues c¢ollected wvia the gallonage charge
increases, already volatile revenues will vary to
an even larger degree. Hence, having more of the
variation in water use accounted for by the WNC is
appropriate. However, as stated above, it only
makes prudent sense to have 100% of variation in
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water use accounted for by the WNC. Otherwise, the
disadvantages of both systems (non WNC and WNC)
occur while only partial benefits are realized.
DOES SSU’S PROPOSED RATE DESIGN OF A 40/60 SPLIT
SHIFT MORE RISK TO THE CUSTOMERS AS SUGGESTED BY
MR. DISMUKES?

No. Ms. Dismukes suggests at page 8 lines 21
through 22 and page 9 lines 1 through 8 that SSU's
proposed rate design of 40%/60% (BFC/gallonage)
from the current level of 33%/67% shifts risk to
the customers from the stockholders of SSU. She
proposes instead a 25%/75% split to mitigate the
risk to customers.

The 40%/60% split proposed by SSU actually
decreases risk to the customers from the current
split of 33%/67%. As the percentage of revenues
collected from the BFC increases, the customers
assume less risk of overpayving the Company during
high water use years. Ms. Dismukes’ proposed
25%/75% split adds more risk to the customers of
overpayving SSU during high water use years.

Ms. Dismukes' assertion that S$SSU's proposed
rate structure does not send an adequate
conservation signal to customers is solely her
unsubstantiated opinion. Ms. Dismukes focuses on
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the reallocation of costs between fixed and
variable. She, however, fails to consider that the
conservation signal sent to customers via the
gallonage charge is being substantially increased
in this rate case. I have testified that the level
of rates proposed by SSU in this case are
sufficient to create an approximate 11% decrease in
overall consumption. It is my opinion that an 11%
reduction in consumption is a substantial
conservation savings.

Also, Ms. Dismukes’ proposal does not take
into consideration the fact that revenue stability
is an appropriate goal for a utility. In my report

to SSU titled Financial Risk and Water Conserving

Rate Structures I looked at alternative rate

structures the Company could propose. In my
opinion, without the Weather Normalization Clause,
the 40%/60% split proposed by SSU is certainly the
appropriate rate structure given the competing
objectives of conservation signals and revenue
stability.

Of course SSU has provided a means for
mitigating risk to both the Company and the
customers. The Company has proposed a Weather
Normalization Clause. With adoption of this
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clause, the proportion of revenues collected from
the gallonage charge could increase without
increasing the financial risk to customers and the
Company . The Weather Normalization Clause is
therefore a win-win situation for the customers and
Company. The risk to both parties decreases at the
expense of neither. The Weather Normalization
Clause is not, as Ms. Dismukes characterizes it, a
zero-sum game where one party wins at the expense
of another.
DO YOU AGREE WITH MS. DISMUKES’ ASSERTION THAT 13996
PROJECTED WATER CONSUMPTION SHOULD BE INCREASED?
No. Ms. Dismukes suggests that rainfall during the
period 1991 through 1994 was above normal. From
this fact, Ms. Dismukes concludes that water
consumption during that period must have been below
normal . Thus, Ms. Dismukes propcses that 1996
water consumption must be adjusted. If all other
factors affecting water use were held constant, her
argument would ke wvalid. This, however, is far
from the case. There are at least two other major
determinants that affect water use over this time
period which she has ignored.

One factor is evapotranspiration (ET). ET is
a measgsure of the water evapcrated and transpired
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from a vegetated surface such as turfgrass. ET is
mainly a function of air temperature and incoming
solar radiation. As ET increases, the amount of
water needed by residents to irrigate tends to
increase. ET is an important component in
identifying the effects of weather on water use.
It is at least as important as rainfall.

Ms. Dismukes ignores ET in her weather
normalization critigque. Hence, she has an
incomplete view of how weather affects water use.
The year 1994 provides a good example of how
looking at rainfall alone can be quite misleading.
In 1994, rainfall was above normal, especially in
the latter half of the year. ET on the other hand,
was above normal. The net affect from weather can
be calculated using a net irrigation requirement
(NIR) wvariable. NIR 1is defined as ET minus

effective rainfall. As reported in Financial Rigk

and Water Conserving Rate Structures , the NIR for

1894 was only 3% below normal. In fact, 1994
experienced the closest to normal weather out of
all the years spanning 1991 to 1994. It is the
most “normal” year in the group.

The second major determinant ignored by Ms.
Dismukes is the water price elasticity repression
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caused by the 1981 rate case in Docket No. 920199-
WS. This case led to significant increases in
gallonage charges (partly from a shift 1in the
gallonage charge from 45% to 67% of total
revenues), and hence significant increases in the
price signal sent to customers. I have documented
the expected percent change in 1994 water use to be
10.8 percent in my direct testimony, pages 6
through 7. I believe it is c¢lear that the
reduction in 1994 water use levels is more directly
related to a downwards trend from the price elastic
repression and not weather. This is particularly
evident when focusing on residential water use.
MS. DISMURES USES THE FIGURE 9,476 GALLONS PER
RESIDENTIAL BILL FROM YOUR REPORT “FINANCIAL RISK
AND WATER CONSERVING RATE STRUCTURES” AS A WEATHER
NORMALIZED CONSUMPTION LEVEL. IS THIS A PROPER USE
OF YOUR RESULTS?

No. The purpose of that analysis was to quantify
the relative change in water use resulting from
deviations in weather for all SSU plants. The
study was designed to calculate the percentage
change in water use resulting from a given
percentage change in NIR. This relative
relationship was needed in order to characterize
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gSU's financial risk with respect to weather. The
study was not designed to calculate some base
wweather normalized” water consumption for 1996.
Such a study would entail a number of additional
tasks, such as quantifying the price elastic
repression occurring from Docket No. 920195-WS, as
well as the elasticity response from the increase
requested by SSU in this proceeding. Ms. Dismukes
has taken the 9,476 estimate out of context and
used it for an inappropriate purpose.

I would also add that the 9,476 estimate
includes SSU plants not included in this rate case.
The most significant is Spring Hill. Spring Hill
is the largest residential SSU water system (26.35%
of 1694 water use). It also has above average
water consumption. Hence, the 9,476 gallons per
bill estimate is not only being used for an
inappropriate purpose, but it 1is based on an
inappropriate set of water use data.

DOES THAT CONCLUDE YOUR REBUTTAL TESTIMONY?

Yes, 1t does,
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Q (By Mr. Hoffman) Dr. Whitcomb, have you

prepared a summary of your direct and rebuttal

testimony?

A Yes.

Q Would you please provide your summary?

A Let me put the price elasticity issue in
perspective.

The water management districts want to
encourage pricing as a water conservation tool. 1In
order to use pricing effectively, you need to be able
to simulate how water and sewer rate changes impact
water consumption and water revenues.

The Southwest Florida Water Management
District, SWFWMD, understands this. 1In 1992, they
went out for a competitive bid to conduct the most
extensive price elasticity study ever done. They
presumably hired the best experts in the country to do
the job.

The SWFWMD database created in the project
is unparalleled; it includes more utilities, more
homes, more be variables over a larger range of prices
than any other study conducted in any region by far.
SWFWMD then supported development of a software
program so the utilities could actually use the

study's detailed results in real world ratemaking.
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They wanted to see the results used and not have
another report that sits on the shelf. The software
program is WATERATE, which has over 50 registered
users here Florida.

Along comes SSU. They are a perfect
candidate to use the WATERATE software program. The
first point is that the proposed increase in the
gallonage charges are significant. The increase is
76% for the 85 uniform plants under the proposed
uniform rates option.

The second point is that the extensive
SWFWMD study was conducted in their own neighborhood,
ideal circumstances.

So the rate case is filed using a price
elastic adjustment calculated with WATERATE. The OPC
reviews the work via Dr. Dismukes. The OPC offers no
criticism of the database, it is the best ever
compiled for a region.

The OPC's basic stance is that innovative
analytical techniques were employed that did not meet
regulatory standards. These innovative techniques
were necessitated because conventional techniques were
completely inappropriate to measure the large range of
prices to analyze the studies.

I have a proposal for the Commission. If
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the OPC wants to use the conventional techniques, if
they want to assume that price elasticity is constant
over the whole price range spanning from 40 cents to
$7.05 per thousand gallons, if that will satisfy them,
then let's use the results from that technique.

I have already calculated the results and
presented them to the OPC in an earlier document
request. The net impact is that the price elasticity
adjustment will be higher than the one filed in this
docket.

If OPC insists on this course, I believe 85U
will agree. However, my research team and SWFWMD will
not support this price elasticity estimate. The
evidence clearly indicates that price elasticity
changes was price level; that price elasticity at low
and high prices is less than at mid range prices.

I believe Dr. Dismukes knows there would be
significant price elastic response to the gallonage
charge increases proposed in this case. 1In reading
her direct testimony, I believe his wife also knows
it.

Their argument essentially is that price
elasticity cannot be precisely defined with certainly,
so let's set it at zero. Looking at the facts, the

fact that the proposed gallonage charge increases are
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major, the fact that you have available to SWFWMD's
credit the most extensive price elasticity database
ever established, and the fact that SSU is in SWFWMD's
neighborhood -- looking at these facts, you cannot
conceive of a better situation more warranting of a
price elastic adjustment.

Another task of mine in this docket was to
propose a rate structure that would provide both
conservation and some financial stability to the
Company. It was decided that a 40/60 split -- that
is, 40% of the revenues coming from the base
facilities and 60% coming from the gallonage charge --
was best.

It gqualifies under SWFWMD's guidelines as a
conservation-promoting rate structure. It also
provides the Company with somewhat more financial
stability than the 33/67 split established in the last
rate case.

I quantified the impact of SSU -- impact to
SSU of moving from SSU's proposed 55/45 split in the
1992 rate case to the Commission-ordered 33/67 split
with no corresponding elasticity adjustment. The
revenue impact to SSU from that decision was a
decrease in revenues of over $3 million.

S5U's concerns on rate structure were
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mirrored by the FPSC White Paper dated December 1993
entitled, "Water Conservation Rate Structure Policy,"”
where it talked about the tradeoff between revenue
stability and concentration.

Another role I play in this hearing is to
describe the merits of the weather normalization
clause. Actually, it should be probably called a
water normalization clause, as it effectively bases
rates on actual consumption and not error-prone
predictions.

A major benefit of the WNC is that it fair,
one of the primary goals of the Commission. With the
WNC, customers will not over or underpay the approved
revenue requirement. SSU will not over or
undercollect their revenue requirement. This is fair.
Currently, there is tremendous risk that this won't
happen. SSU's customers are exposed to one of the
highest weather risks in the country.

Another benefit of the WNC and most
important from the long-run perspective is that it
removes the disincentive now in place for regulated
water utilities to conserve water. As the process is
currently set up, water conservation and financial
risk are competing objectives; one or more ocbjective

cannot be obtained without sacrificing the other.
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The FPSC can push down the -- the FPSC can
push down the percentage of revenues collected via the
base facilities charge from 33% to 25% or to 10% with
the WNC in place. With the growing scarcity of good
drinking water supplies as seen in Florida, the FPSC
in conjunction with Florida's environmental agencies
are going to have to look at more innovative ways to
encourage wiser use of its water resources. The WNC
is an ideal tool for accomplishing this.

When you look at all the facts, I believe
you will see the win/win opportunities the WNC
provides to customers, SSU, the water management
districts and the state of Florida.

Q Dr. Whitcomb, does that conclude your
summary?
A It does.

MR. HOFFMAN: We tender him for cross.

CHAIRMAN CLARK: Mr. McLean?

MR. McLEAN: Madam Chair, I can't see the
witness too well from where I'm sitting, I wonder if
we could get him to move a skosh to to south there?

That would be better.
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BY MR. McLEAN:

Q Are you situated, sir?
A Yes.
Q I believe you said in your summary that

SWFWMD hired some of the best experts in the land. Is
that what I heard you say?
A Presumably.

Q And that's you, isn't it?

A Yes.

Q Is that your testimony?

¥ Well, that's the Brown and Caldwell team.
Q I'm sorry?

A It's the Brown and Caldwell team, which I

was a part of.

Q I see. And you also said that this case
involved some 76% increase. What percentage increase
are you referring to, I think I heard 767

A 76 is correct. That's for the uniform
systems going from $1.23 per thousand gallons to
proposed $2.16 per thousand gallons filed in this
docket.

Q That's the very thing that necessitates your
testimony about the notion of impression, is that

right, that the rates are going up 76%7
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A Yes. There is other signals being sent out
there. But that's -- the point is that you have a
large price signal being sent, being proposed, in this
rate case, and so that the price elasticity cannot be,
is not negligible.

Q The problem is if you raise these customers
rates to the tune of 76%, they'll use less, right? Is
that correct?

A | Yes.

Q And the purpose of your compression
adjustment is to bump it up just a bit more and make
up for that, isn't it?

A That will increase the gallonage charge.

Q Which is to raise the price, isn't it? On a
unit basis; is that correct?

A On a gallonage charge, yes.

Q You said that this study served SSU so well
because SWFWMD is right in its own neighborhood; is
that right?

A Correct.

Q How many systems owned by SSU are in the
SWFWMD territory?

A I know that over 80% of SSU's plants are in
either the St. Johns Water Management District or the

SWFWMD Water Management District. I do not know
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specifically how many are in the SWFWMD.
Q So that would be two. So your answer is

some of those aren't in SWFWMD; isn't that right?

A That is correct.

Q Sst. Johns is not the same as SWFWMD?
A That's correct.

Q Is that correct?

When you mentioned research team, I have it
that SWFWMD hired Brown and Caldwell and then Brown
and Caldwell hired you; is that right?

A That's correct.

Q And that Brown and Caldwell was included in
those national experts, right?

A Right.

Q So your task in this docket, among other
things, is to say -~ to advise the Commission and
perhaps the Company -- to what extent when prices go
up customers will simply use less water as a
consequence of that price increase, correct?

A Yes.

Q It's your direct testimony, sir -- and
incidentally, I may from time to time refer you to
your direct testimony, to Dr. Dismukes' testimony and
to your own rebuttal testimony.

In your direct testimony on Page 13, you say
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it will go up 11%. I'm sorry, you say consumption
will actually decrease 11% as a result of that 76%

increase we've already talked about; is that right?

A Yes.
Q Okay.
A That 76% is there's actually multiple prices

involved in this rate case. There's the water prices,
there's the sewer prices, and there's the nonuniform
plants, also.

Q But in a general, walking around way, you
say that because of the higher prices that the Company
has at least asked for, customers will consume 11%
less water and that will have consequences for their
opportunity to generate the revenue approved by this
Commission, correct?

A Yes.

Q Dr. wWhitcomb, you did two studies for
SWFWMD, didn't you? Did you, sir?

A Two studies? There was one study. There
were several tasks within that project.

Q Page 3 of your direct testimony, I believe
you describe the first task and then the second task;
is that right?

A Yes,

Q And you relied on the experience you gained
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to recommend the repression adjustment in this
proceeding, didn’'t you?

A Yes.

Q Okay. Dr. Whitcomb, did you also develop,
from the same endeavor on behalf of the SWFWMD, did

you also develop any articles for scholastic

publication?
A Yes.
Q What was it titled? How many articles were

there, first of all?

A One.

Q One article? 1Is that right, sir?

A Yes.

Q Were there coauthors on that article?
A Yes.

Q Who were they?
A Jay Yingling and Mark Winer (phonetic).
Q That Jay Yingling is the same person who is

scheduled to testify in this proceeding; is that

correct?
A Yes.
Q Who is the other person?
A Mark Winer, works for Brown and Caldwell.
0 Would you say his last name again, please,
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sir?

A Winer.

Q Were both of those gentlemen coauthors of --
let me ask you first of all. Were there not two
versions of that particular article?

A That's correct.

Q Okay. I notice that the article is listed

in your list of publications; is that correct?

A It was listed as a submission.

o) You submitted it for publication?

A That's correct.

Q That was to the Water Resources Research?
A Correct.

Q Is it the Water Resources Research Journal?
A No.

Q I'm sorry, sir?

A Simply Water Resources Research.

Q What's the nature of that publicatiocn,
Dr. Whitcomb?

A It's a academic theoretical journal that
covers sclence issues in the water field.

Q Can I infer from your submitting articles
for publication to that journal that you accept it as
authoritative?

A Yes.
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Q What was the name of the article,
Dr. Whitcomb?

A "New Directions in Mapping Water Demand
Curves."

Q When you submitted the article to the Water
Resources Research, did that publication employ a peer
review process?

A Yes.

Q Would you explain for_the benefit of the
Commission what a peer review process is.

A The article was submitted, they sent it out
to two anonymous referees. The anconymous referees
make comments and judgements on the paper; and it is
returned to the editor; and the editor then makes a
decision to accept it, or to send it back, or reject
it.

Q Is that peer review process typical of

scholastic journals in your experience?

A Yes.

Q You submitted an original -- you first
submitted the -- you first submitted the article to
the journal -- I'm sorry, to the Water Resources

Research on what date, sir, approximately?
A Late 1993.

Q What month, sir? Late '937?
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A Late 1993.

Q And what were the results of your submitting
it to the journal?

A It was not accepted and it was sent back for
revisions. One of the peer reviewers at that time
suggested a new demand specification.

He did so because the situation is such that
the range of prices in the SWFWMD study range from 40
cents to $7.05 per thousand gallons. This range is
much larger than any other study ever -- price
elasticity ever conducted.

The conventional demand function that
researchers use assumes that price elasticity is
constant over the whole price range. 8o if you had a
study where you're looking at the change of price
going from $1 per thousand gallons to $2 per thousand
gallons —-

Q May interrupt your answer, sir? I think
that I did not ask the contents of the comments.

MR. HOFFMAN: Madam Chairman, I think the
witness should be given an opportunity to explain his
answer in full.

MR. McLEAN: ©h, I think he should, too, if
it's responsive to the question I asked, but it is

not. It had --
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MR. HOFFMAN: It was, indeed.

CHAIRMAN CLARK: Just a minute. I cannot
referree between two people talking at the same time.

Mr. McLean, would you give me your question
again, please.

MR. McLEAN: I can give you my cobjection,
Madam Chairman.

CHAIRMAN CLARK: I would like to hear your
question first.

MR. McLEAN: O©Oh, I'm sorry. I'm not sure
that I recall it quite well. The spirit of my
question was to discover whether he received peer
review comments, not the substance. I'm not
interested in the substance at this point.

CHAIRMAN CLARK: So you are objecting to the
witness providing explanation to the -- if he received
comments back?

MR. McLEAN: No, ma'am -- yes, I'm objecting
to his explanation as to what the substance of the
comments, and I'll tell you why.

The evidence will show that he has had more
than adequate opportunity to give us the substance of
those comments. That's why I didn't ask him that
question. At least I didn't intend to. Everyone

else's recollection may be better than mine. But the
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my question goes, and I'll ask him again if

Did you receive written peer review

CHATIRMAN CLARK: I'm going to sustain the

objection but I would note that it can be asked on

redirect.

MR. McLEAN: ©h, I think so. And I may ask

it myself, Madam Chairman when the time comes.

Q (By Mr. McLean) Did you receive written
comments?

A Yes,

Q On the first submission?

A Yes.

Q Where are those comments now?

A I do not have a copy in my possession.

Q Did you ever have a copy in your possession?

A Yes.

Q What did you do with them?

A I had them in 1994. We analyzed the
comments. One of the peer reviewers made some
comments, suggestions, on improving our price
specification --

MR. McLEAN: May I interrupt you, sir?

A -- which you -- ockay.

MR. McLEAN: The pending question, Madam
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Chairman, is, "What did you do with them?" The
witness's answer is to discuss their content.

MR. HOFFMAN: Madam Chairman, I think that
this witness is entitled to give a full and fair
answer to Mr. McLean's questions without Mr. McLean
interrupting when he would like the answer to
conclude.

CHAIRMAN CLARK: Dr. Whitcomb, would you
indicate -- answer the question first and then give
the explanation, please.

WITNESS WHITCOMB: I was asked why it was
thrown out, and —--

MR. McLEAN: No, you were not asked why it

was thrown out.

A Please repeat the question.

Q (By Mr. McLean) What did you do with them?

A They were thrown out,

Q Why did you throw them out?

A Because in -- we had, we had the information
from -- that we needed from the peer review comments.

And at that point in 1994 I was living in Geyserville,
California. 1In December of 1994, I moved residences
to San Carlos. At that time, I went through all my
files, all my projects, and threw ocut lots of old

completed projects and background information that I
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did not want to carry with me to my next residence.

Q Thank you, sir. At that time were you
contemplating resubmitting the article?

A Yes.

0 Would those peer review comments from the
first submission aid in any way to amend your article
or change it in any way such that it might pass peer
review on the second try?

A Yes.

Q But they were not -- apparently not
important enough for you to keep; is that correct?

A The timing, the resubmission came back in
1994 and it was already completed and at that point
they were dismissed.

Q Dr. Whitcomb, are you aware whether the
office of Florida Public Counsel tried to get those

first round comments?

A Yes.
Q Did we try or did we not try?
A Tried.

MR. McLEAN: Madam Chairman, I have arranged
to be handed out an exhibit would I like marked for
identification, please, ma'am.

CHAIRMAN CLARK: It will be marked as

Exhibit 13s6.
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MR. McLEAN: I'm sorry, Commissioner, I
didn't hear the number.

CHAIRMAN CLARK: 136.

MR. McLEAN: Thank you, ma'am.

(Exhibit No. 136 marked for identification.)

Q (By Mr. McLean) Dr. Whitcomb, do you have
the exhibit just handed to you, which the Chairman has
now marked Exhibit No. 13672

A Yes.

Q Would you please turn to Page 1 of that
exhibit, sir.

A Yes.

Q The name John B. Whitcomb appears at the top
of that document. Is that because you prepared the
response to whatever this is?

A Yes.

Q Have you had an opportunity to read that
particular item?

A Yes.

Q Would you agree with me that it's a request
from our office for any peer review comments regarding
the first submission of the article?

A Yes.

Q Now, at the bottom of that particular

document request is your response. And I believe that
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you say that you furnished us with a article and two
peer review comments with respect to the second
submission; is that correct?

A . Please repeat.

Q Yes, sir. I believe you sent us some peer
review comments, but in fact they were elicited by the
second submission of the article; is that correct?

A They were the second submission, yes.

Q I see. Would you turn to Page 8 of the
exhibit, please, sir. Appears to be a letter authored

by Mr. Feil on SSU letterhead; would you agree with

that?
A Yes.
Q Do you see the date on the letter, sir?
A Yes.
Q December 28, 19957
A Yes.
Q Would you agree with that? Would you turn

to Page 6, sir.

A Yes.

Q Examine the two pages, 6 and 7, tell me
whether that appears to be a letter from the Office of
Public Counsel directed to a Mr. Armstrong at Southern
States requesting the peer review comments?

A Yes.
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Q Do you see the date on that letter, sir?
A Yes.
Q Now, does it appear to you, Dr. Whitcomb,

that the response to the letter which I sent on
November 15, 1995, generated a response by Mr. Feil on

December 28, 19957 Is that correct?

A Correct.

Q Talking about six weeks, roughly?

A Correct.

Q Part of Mr. Feil's letter on December 28

shows that he sent or shows that he sent the release
to you; is that correct?

A Correct.

Q Now the release that I'm referring to is a
release which I drew in an effort to obtain the
release of the peer review comments from the

publication itself; is that correct?

A Which page are you on?

Q I'm just asking you that generally.
A Yes --

Q Or I can refer you to --

A -- that's Page 9.

Q Refer to Page 10, if vou would. Is that the
release that you received?

A Yes.
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0 And the release that you executed?

A Yes.

Q When did you get that release, sir?

A I don't know exactly.

Q Okay. Obviously, it was some time either on

or before January 10th?

A Right.

Q When did you send it to wherever you sent
it?

A I don't know.

Q Do you know to whom you sent it?

MR. HOFFMAN: Madam Chairman, at this point
I'm going to object. I'm not sure where Mr. McLean is
going with all of this; but from what I've gathered
thus far, it appears as though he is attempting to
make arguments in support of a motion to compel
discovery.

MR. McLEAN: Not at all.

MR. HOFFMAN: 2And I think that would be
totally inappropriate for the hearing process.

CHAIRMAN CLARK: Mr. Hoffman, could you be
more explicit as to the nature of your objection?

MR. HOFFMAN: My objection is that it
appears from these lines of guestions that the

questions are irrelevant. It appears as though he is
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going through a history of some discovery matters in
and effort to show that some discovery may not have
been provided to the Office of Public Counsel. If I'm
wrong, I'm wrong.

CHAIRMAN CLARK: Mr. McLean?

MR. McLEAN: I can't resist that temptation.
He is in fact wrong.

You as the trier of fact —-- I am attempting
to show that we did what we could to get these peer
review comments. I would like to have them up here to
show to you today but we couldn't get them.

As I continue my line of questioning, I hope
to show that the witness could have gone to other
sources. But you as the trier of fact have the
discretion to construe evidence which was not provided
to you which could have been provided to you as
unfavorable to the person who withheld it.

I have no interest in filing a motion with
respect to discovery. I would like to establish that
we did what we could to get it, and that very little
was done to produce it, and that you have the
opportunity to construe that in the negative light.

MR. HOFFMAN: May I respond, Madam Chairman?

CHATRMAN CLARK: Yes, Mr. Hoffman,

MR. HOFFMAN: I think that Mr. McLean has

FLORIDA PUBLIC SERVICE COMMISSION




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

acknowledged my argument. I think that he has just
stated on the record he had no wish to file a motion
to compel and that is what he is talking about here.
He is talking about the prospect of obtaining
documents which evidently they did not receive or did
not receive on a timely basis.

MR. McLEAN: No, that's not at all what I'm
saying. I'm saying they may have been in a position
to produce it and they didn't. And you can construe
evidence which is not produced --

CHATRMAN CLARK: Mr. McLean, let me ask you
a guestion. Did you in fact get the peer review from
the first round?

MR. McLEAN: No, ma'am.

CHAIRMAN CLARK: I note that you did send a
letter to the editor from Water Resources Research
with the necessary release.

MR. McLEAN: That's correct, ma'am.

CHAIRMAN CILARK: But they weren't sent to
your

MR. McLEAN: No, ma'am. No, because in my
view, and I think --

CHAIRMAN CLARK: ©Oh, is it your argument
that they had a burden to go get, go to the editor to

get them and supply them with you?
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MR. McLEAN: They might have asked one of
their coauthors. Or they might have answered --

CHAIRMAN CLARK: And tell me again the
relevance of it --

MR. McLEAN: The relevance is --

CHATRMAN CLARK: -- and to which issue.
Tell me the relevance and to which issue.

MR. McLEAN: It goes directly to the
credibility of this witness.

MR. HOFFMAN: May I respond, Madam Chairman?

CHAIRMAN CLARK: Yes, Mr. Hoffman.

MR. HOFFMAN: This has nothing to do with
the credibility of this witness's testimony which is
at issue in this case. This may, this may have
something to do with the efforts of this Company and
counsel of the Company to respond to discovery
requests and maybe the communication that took place
between the Office of Public Counsel and counsel for
the Company.

I would not acknowledge that there was any
wrongdoing on the part of the Company or their
counsel. But this has nothing to do with the
substantive testimony of Dr. Whitcomb.

MR. McLEAN: I believe that it does.

CHAIRMAN CLARK: Just a minute.
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MR. McLEAN: Sure.

CHAIRMAN CLARK: I'm going to allow the
questioning and the -- at this point, it seems to me
that to the extent it goes to the credibility of the
witness in being forthcoming in criticisms of the
article, I will let it go on for whatever weight it is
worth.

Q (By Mr. McLean) Dr. Whitcomb, did you
contact any coauthor to see if that person still had

the peer review comments?

A No.

Q When you received our --

A No.

Q ~— document request? Do you know who the

peer reviewers were?

A No.

Q What did they say, Dr. Whitcomb?

A In the first set of comments, the point that
one of the, the major point of the review was that the
specific demand curve that was fit to the data was,
was -- could be improved.

The situation is that the conventional
technigques that are used in this field, they assumed
that the price elasticity is constant over the whole

price spectrum. Back if 1992, when we got together to
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formulate this study, it was recognized by all that
price elasticity may vary with price level. It could
be different at $1 per thousand gallons, $2 per
thousand gallons, at 3, 4, 5, 6, 7, it could be a
dramatic change in price elasticity.

We then, since we couldn't use conventional
techniques, we developed a new innovative way of
fitting a curve, a demand curve, to these 42,257
points in this price range between 40 cents and $7.05.
This curve had a flexible functional form, so it fit
the data rather than the curve having to just stick an
arbitrary curve on that and having that. So that was
the issue.

The situation, they said, the comments said
that ours could be improved by making it more
flexible. Because ours actually forced price
elasticity to head towards zero at the upper price
range; when you got near $7.05, the way the model is
laid out in my Exhibit JBW-3, it forces price
elasticity to zero.

Q And all of those taken together were their
justification for rejecting your first subsubmission;
is that correct?

A That was the major points.

Q Okay. And then there was a resubmission,
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was there not?

A That's right. The paper was not accepted
for publication as is, and it was encouraged to make a
resubmission, making adjustments for the particular
reviewer, anonymous reviewer, that made the comment
about the flexible functional form.

We then got that comment. And because we
have always tried to provide the most accurate
depiction of price elasticity, because we have the
most extensive database ever collected on the subject,
we then went and reestimated the data -- reestimated
the model using this new, this new specification. It
was agreed by the whole research team that this was an
improvement, and we went forth and did that.

The new results, we believe, are superior
than the o0ld results. They are in general very, very
similar in showing the -- in the general conclusion
that price elasticity does vary with price level in
the same fashion. It did show that price was more
elastic, especially at the upper end of the price
spectrum, because you no longer had this constraint of.

forcing it to zero.

Q But none of that persuaded Water Resources,
daid it?
A Then what we did, we resubmitted it, the
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article. One of the reviewers said the article was
good and it passed that. And the other reviewer said
that there was a fatal flaw in the analysis. And it
is that fatal flaw that we looked at and we disagreed
with.

Let me identify what that fatal flaw is. If
we fitted this demand curve to these points between 40
cents and $7 per thousand gallons and it's a nonlinear
curve. Now, what he says is if you extrapolate that
curve beyond the price range that we looked at, beyond
the range of experience, that at some point that curve
takes on an unrealistic value. That was the point and
that was the sole, as described here, that was the
reason for rejection.

We think that that is a faulty inference
from our curve. It is no problem of the curve that we
fit to the data and the purposes that we use the model
for. It is a faulty inference that you can actually
take this curve and extrapolate it and that those
results are meaningful. That's not the case.

For, in fact, the specific software used in
this, WATERATE, it has it specifically programmed that
it only, when you choose the default elasticity
function inside it, it only uses prices all the way up

to the $7.05 level; and over that, it doesn't use that
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level. It would be inappropriate.

There's no data, there's no evidence above
the $7.05 level to make any judgment what price
elasticity is.

Hence, the SWFWMD reviewed all this and
decided to go ahead and update the model using these
revised results. That model came out in January of
19%6.

Q Are you done?

All of that wasn't persuasive to Water
Resources, was 1it?

A It, as I said, one of the reviewers thought
the paper was good. And this other one provided a
reason which doesn't affect this case and we believe
was a faulty reason.

Q We'll see if it effects this case, won't we?
Did they send it back to you? They publish it or not?

A They did not accept it for publication, it
was sent back for revision.

Q Look to Page 2 of the exhibit, Dr. Whitcomb,
please, sir. Is that the rejection letter you
received, sir?

A Yes.

Q Look at the top of the page that says, "I

regret to inform you that I must decline," that's the
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words of the editor?

A Correct.
Q T must decline once again your manuscript,
'New Directions in Mapping Demand curves.'" Is that

what you see there, sir?

A Yes.

Q all right. "A reviewer found a fatal flaw,"
do you see that at the third line?

A Yes.

Q "The associate editor said that an upward
demand curve should not be published"?

A That's right.

0 Which you have those things is not included
in the study which you submitted to the Commission for
its reliance?

A Repeat the gquestion.

Q Is any one of those three things not
included in the study which you performed which

ultimately led to the view which you take this in

docket?
A Can you restate the three points?
Q Well, you can read them.
A Can you identify them?
Q Well, first of all --

CHAIRMAN CLARK: I'm lost, where are you?
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MR. McLEAN: Dr. Whitcomb hinted that the
study, which this rejection article rejects -- the
article which it rejects, is not the same which he
lays before the Commission today. My question is,
what's the difference?

A What's the difference in the price
elasticity generated in the two studies?

Q (By Mr. McLean) Is the previous criticism
offered by this rejection letter not appropriate to
criticize what you have laid before the Commission for
their reliance?

A I don't know.

Q You wrote the article and you did the work
that states, that estimates, the level of the
elasticity. Is that correct?

A Yes.

Q You did both of those things. Are they not
the same? Do they not embody the exact same
principles, the exact same elasticities and even the
same numbers?

A I still don't follow your gquestion exactly.

0 Okay, I'll try to make it simpler. You did
a SWFWMD study and from that SWFWMD study you derived
two general things: One, the work which you did for

SSU which is now before the Commission to judge
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whether it is correct or incorrect?

A Right.

Q And you did an article?

A That's right.

Q And I submit to you that the article and the
work you did for SSU embody the precise same
principles. Is that the case?

A That that -- that the price elasticities
generated in the SWFWMD study are represented in the

price elasticity adjustment here in this rate case,

right.
Q Such that -- I'm sorry, were you done?
A Yes.
Q Such that criticism offered of the article

which was rejected is the same as criticism offered as
your study which is now before the Commission. Is
that not correct?

MR. HOFFMAN: Objection, I think the
question is ambiguous and vague.

CHATRMAN CLARK: Mr, McLean, I have to admit
I'm having trouble following it. Perhaps if you refer
to, I assume you are referring to Page 2 of your
exhibit?

MR. McLEAN: Yes, ma'am.

CHAIRMAN CLARK: Okay. Maybe if you start
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from there in asking if those criticisms, specific
criticisms that are in the letter, also apply to what
has been submitted in this docket.
MR. McLEAN: Okay, Commissioner, I'l1l do
that. That's a better idea.
Q (By Mr. McLean) There is a fatal flaw

identified in the rejection letter?

A Correct.

Q Is there not?

A Correct.

Q Does that fatal flaw not show up in the work

that you did for SSU?

A It's not in the -- that is correct.

Q How did you -- how is it absent? Explain to
the Commission and to me, if you will, how they are
different.

A The first demand curves that we fit and are
described in the August 1993 SWFWMD price elasticity
report, the demand curves that were estimated there,
if you extrapolate them out past the $7 level, they
don't go into unrealistic results. So it's only the
new, we went and revised those estimates, came up with
a new demand model, and it is that model that if you
extrapolate the results that you get this upwards

curve at some point past the range of experience.
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Q So it's your testimony that that upward
sloping curve is not included in the data which you,
which you now are supporting before the Commission; is
that correct?

A Correct.

Q Such that Dr. Dismukes' criticism of that,
your answer to that criticism would be he's
criticizing something which is not there?

A Is he criticizing something that is not
there? Can you repeat the question?

Q Sure. There is a fatal flaw reflected in
your article, isn't there?

a That was described by one of the reviewers,
yes.

Q You don't necessarily concede that but you
know that's what the reviewer was pointing to?

A Correct.

Q And you say that fatal flaw is not embodied
in the study which is now before the Public Service
Commission, correct?

A The specific price elasticity algorithm was
based -- filed here was based on the first set of, the
first set of demand curves.

Q And Dr. Dismukes criticizes that, doesn't

he? The study which is before the Commission.
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A His criticism, if I believe in his direct
testimony, he actually criticizes the second one.

He -- in fact, one of his points, you know, he, I can
bring it out. May I quote the -- can I quote the
pages on his testimony?

Q Whatever it takes to answer the question.

A Okay. It's Page 10 of his direct testimony.
He describes that the biggest problem that he has with
what we are doing is that relaxing this problem leads
to a upward sloping demand curve that is presented in
Schedule 3. And he also mentions Schedule 2, which is
one of -- some of his exhibits.

Q If the Commission adopts your view of
elasticity, are they adopting that upwards sloping
demand curve or are they adopting a set of data which
can be construed to imply an upwards sloping demand
curve?

A The data that were used here were based on
the first demand curve, which did not have an upwards
sloping demand curve.

Q So you are saying that on Page 10
Dr. Dismukes was criticizing something which is not in
this proceeding?

MR. HOFFMAN: Objection. I think the

guestion is ambiguous, Counselor. Are you talking
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about the study that Dr. Whitcomb actually relied on
for his testimony? Or when you say, "in this
proceeding," are you talking about that and/or a
discovery response? Because I want to keep the record
clear.

MR. McCLEAN: I understand. Dr. Whitcomb has
brought a view of elasticity which relies on a number
of studies which he has done. It is beginning to be
more ambiguous just exactly which study he relied
upon. But I would like to know whether the study he
relied upon to form his view of elasticity includes
what the reviewer said was a fatal flaw?

MR. HOFFMAN: I think we’ve gone through
this a couple of times now, Madam Chairman. I think
that Dr. Whitcomb has testified not ambiguously but
unequivocally that he is referring to the first study
that supports his testimony.

CHATRMAN CLARK: Well, Mr. Hoffman, I have
to admit to being a bit confused as to what is being
relied on in his testimony and how that differentiates
with what was provided and described as having a fatal
flaw.

I will allow you to get this clarified one
more time, Mr. McLean.

Q (By Mr. MclLean) On Page 10 -- well, on
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Page 10, Dr. Dismukes criticizes some aspects of some
work that you did some time; is that correct?

A Yes.

Q Now is he advancing the same criticism which
was identified as a fatal flaw in one of your
articles?

A Yes.

Q When you rebutted that testimony, as I
assume you had the opportunity to do, did you point
out to this Commission that Dr. Dismukes was
criticizing something which was not even part of this
proceeding?

A I guess the question is, was it part of this
proceedings? It's always been an ongoing issue to us
to at some point use the updated model. The first
model -~- I guess a good way to describe this is that
the original results are implemented in what is called
WATERATE 2.1. The revised or modified new WATERATE is
called WATERATE 2.2, and that came out in January
1996.

There was the, it was our thoughts that at
some time when we were looking at the new -- these
different variations of modified stand-alone rates
that we would be using the updated model to make those

calculations because that, we believed, was the best
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information to render a judgment in this case.

So to the extent that we were thinking of
doing that and they have been provided with all the
documentations and these results, I think it is
applicable in this case.

Q See the criticism on Page 10? Page 10 of
Dr. Dismukes' testimony?

A I see several. But yes.

Q The paragraph to which you referred to the

Commission, and me, too.

A Yes.

Q Is that criticism of your work?

A Yes.

Q Is it criticism of your work in this
proceeding?

A Yes.

Q Then that's why you didn't point out to the

commission that it wasn't part, apparently?

A I didn't point out, repeat?
Q It wasn't part of this proceeding?
A In a greater sense I would say it's part of

this proceeding.
Q Okay. And in an earlier gquestion I put to
you, the paragraph to which I made reference on

Page 10, you told me, embodies the fatal flaw
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analysis; is that right?

A The second one, the model, okay. The
second, the WATERATE 2.2, has the upwards sloping
demand curve at some point beyond the range of
experience. And that's the criticism Dr. Dismukes is
pointing here to that model, WATERATE 2.2.

(Transcript continues in sequence in

Volume 17.)
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“Publications”
“Turf Aud:it..Water Savings,” with Christopher Dundon, Northern California Turf & Landscape
Council Expo 1995, January 1995.

“New Directions in Mapping Demand Curves,” with Jay W. Yingling and Marvin Winer,
submitted for publication in Water Resources Research.

“Residential Water Price Elasticities in Southwest Florida,” with Jay W. Yingling and Marvin
Winer, Proceedings of Conserv 93, December 1993.

The Water Conservation Manager’s Guide to Residential Retrofit, contributor, American Water
Works Association, 1993.

“Water Conserving Connection Fees,” with John O. Nelson, unpublished 1992,
“Water Reductions From Residential Water Audits,” Water Resources Bulletin 27(6), 1991.

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

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

“Calculating the Water Use Reduction Resulting form Water Fixture Retrofitting of Single-Family
Homes in Seattle,” Proceedings of Conserv 90, August 1990.

A Daily Municipal Water-Use Model: Case Study Comparing West Los An geles, California, and
Fairfax County. Virginia, Ph.D. dissertation, Johns Hopkins University, 1988.

Multiobjective Reservoir Operations Using Forecasts of Water Supply and Water Use, with J.A.
Smith, S. Schartz, and J.J. Boland, U.S. Geological Survey Report,1987.
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2379 Broad Street (U.S. 41 South) Brooksville, Florida 34609-6899
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T1.D.D. No. only: 1-800-231-6103
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May 4, 1993

ﬁear Interested Person:

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

- prepared for the Southwest Florida Water Management

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

.The intent of this project was to provide guidance to

utilities in developing water conserving rate
structures that would satisfy regulatory requirements,
and provide the District with the means of quickly
assessing whether a rate structure would be effective
in prémoting water conservation. The criteria
contained in the report are only recommendations made
by the consultant. . .

To become effective and supplant the current "Interim
Minimum Requirements for Water Conserving Rate
Structures" (December 1991), would require approval-by
our Governing Board. There are no plans at this time
to request approval. If you represent a public or
private water utility in the SWFWMD, we would request
that you complete the questionnaire in the report and
tell us whether there are any problems with its format,
and what, if any, problems your utility may have in

- complying with such criteria, if adopted.

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

incerely, .
agwb-k. -
y W. YImgling

Senior Economist
Planning Department
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Page 6-3, Table 6-2

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

uniform rates.”
Appendix D

Please disregard Figure D-11. The WCRWSA Section 21 Wellfield can supply
many utilities through an interconnected system. Therefore its pumping schedule
is not representative of the demand for a single utility service area. This graphic
was included in error.
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The Southwest Florida Waser Management District (District) does nor discriminate upon the
basis of any individual’s disability status. This non-discriminarion policy involves every
aspect of the District’s funcrions including one's access 1o, participation, employmens, or
trearment in its programs or activiries. Anyone requiring reasonable accommodarion as
provided for in the Americans With Disabiliries Act should contact Ms. Party McLeod ar
(904) 796-7211 or 1-800-423-1476, extension 4400; TDD ONLY 1-800-231-6103; FAX (904)
754-6874/Suncom 663-6874.
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CHAPTER 1

INTRODUCTION

The water utilities within the Water Use Caution Areas of the Southwest Florida Water
Management District (District) are required to adopt water conservation-promoting rates by
January 1, 1993. To assist the water utilities ‘in meeting this requirement the District hired
Brown and Caldwell to perform the following tasks: -

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

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

Task 3: Develop a Computer Model Which Can be Used by the Utilities to
- Determine the Impacts of Alernative Conservation-Promoting Rate
Structures on both water use and revenues from water sales.

This report docuroents the results of Task 1. The purpose of Task 1 and this report is (0
define conservation-promoting rates in a manner such that the water utilities and the District can
easily determine if such rates have been adopted. This chapter summarizes the objectives of
water rales in general, the criteria used to define conservation-promoting rates, and the methods
used to measure whether a utility satisfies these criteria.

Chapters 2 through 5 of this report present the criteria and associated guidelines which
define conservation-promoling rates. Chapter 6 summarizes the criteria and associated guidelines
in a "Go/No Go" formnat which allows both the water utilities and the District to easily determine
if the rates qualify as conservation promoting. Under the Go/No Go format, the guidelin2:
associated with those criteria, which are the most effective in promoting waler conservation must
be satisfied by Janvary 1, 1993 (unless the utility qualifies for a defined exemption) and within
2 years (January 1, 1995) all the guidelines roust be satisfied (there will be no exemplions). A
weighting systern which can be used by the water utilities and the District as an allernative 10
the Go/No Go format is summarized in Chapter 7. Whether the Go/No Go format or the
weighting system is used, a questionnaire to collect the necessary data from the utlities is
presented in Appendix A. The review of the state and county regulations governing the adoption
of water conservalion-promoting rates is contained in Chapter 8.

IO NEREPORTS QA SNT I-INTBNCY WP
QM PSS



[ WL,

EXRIBIT

PAGE__|| OF

('\J I”) ‘L)j)

<

1-2
Water Rates in General

Changes in the design of water utility rates may be undertaken for a variety of rearsns.
In order to discuss the possible effects of rate design changes and the criteria which define
conservation-promoting rates, it is helpful 1o distinguish between rate structure form, cost
allocation, and rate revenue level issues. Communication of rates and water use on the water bill
is also an important, but often ignored, mater.

Rate Structure Form. Rate structure form refers to the fixed and variable charges used
1o collect revenues: The fixed charge is a set fee that each customer must pay per billing period
regardless of the amount of water used. Typically, the fixed charge recovers the costs of meter

" reading, billing, meter maintenance, and other customer related expenses not directly related to

water consumption. In addition, some utilities include all or a porton of fixed capacity-relatad
costs in the fixed monthly charge. Customers with larger meters ofien pay a higher fixed charge.
The variable charge, in contrast, is the price paid for a unit of water (e.g., 1,000 gallons). Thers
are two general types of variable charges: uniform and block. A uniform rats sets the same price
for all units of water sold. A block rate charges a customer a different price for increasing
increments of water use during a billing period. Under a block rate sgucture, the price can either
rise (inclining block rate) or fall (declining block rate) in successive blocks. Uniform rates can
also be seasonal if the value of a unit of water varies by season. Time-dependent pricing is
widely practiced in our economy--especially with capital intensive industries such as airlines,
hotels, telecommunications, and energy.~ Chapter 2 presents the water conserving guidelines
associated with the rate structure form criterion.

Cost Allocation. Cost allocation concems the apportionrment of total costs (revenu
requirerents) 1o the fixed and variable charges. In one extreme, all costs could be collected
through a fixed charge. On the other extreree, all the costs could be collected via a quantry
charge. When considering the multiple objectives involved in developing water rates (10 be
discussed in the next section), water utilities strive 10 find the best comtination of fixed and
variable charges. Chapter 3 provides the water conservation guidelines associated with' the
allocation of costs to the fixed and variable charges criterion.

Rate Reverue Level Rate revenue level is defined as the total revenue derived from
user charges. In most cases a water utility operates on a financially independent basis--all
revenue requirements are derived from user charges or other defendable fees (e.g., connecto:
fees, penaliies, deposits, interest eamed, eic.). Utilites could, however, derive revenues from
external sources such as transfers from the general fund, the improper use of connection fee
receipts, etc. In some states, a poriion of water utility revenue requirements (debt service) arz
somet-es met via property taxes. Because exiernal revenves can significandy lower the watzr
conserving price signal ransmited to customers through water price, guidelines limiting externa!
sources of revenue are presented in Chapter 4 (sources of revenues criterion).
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Communication. Communication of rate information and water use on the water bill is
also a very important issue. If the customers are inforraed about the price of water and how
much they have used, they are more likely to respond to the pricing signal and use the resource
efficiendy. On the other hand, if the utility has not communicated the rate structure and water
use 10 its customers in a timely manner, waler conservation may not be maximized. Chapter §
provides the water conservation guidelines associated with the rate structure and waler use

communication criterion.

Objectives of Water Rates

Selection of rate structure form, cost allocation basis, and rate revenue Jevel are the three ;
primary decisions that a utility has o make when developing water rates. Each can have
significant ramifications from the perspective of the utility and its customers. As a means of
comparing different alternatives, it is important to keep in mind the principal objectives of water
rate developrment as listed below:

1. Revenue Sufficiency: Rates are set so that a utility recovers the costs incurred in

providing water service. This includes ongoing operation and maintenance -

expenses, capital costs, as well as the costs necessary to comply with the District’s

permit conditions (i.e., required per capita reductions, improved water use

classification accounting systems (o meel reporting requirerents, reductions in

unaccounted for water, and investigation of reuse and desalination as appropriate).

Because prices must be set in advance of actual ccsts and actual water usage, an

element of uncertainty in revenue sufficiency arises as future costs and water use

are not known exactly. Any rate structure can be set so as 1o achieve the

required rate revenue level for revenue sufficiency if both costs and water use are

known. However, different rate structures vary in their ability to be revenue
sufficient when assumed conditions change. Weather and economic activity are
examples of factors that can dramatically affect water use levels and consequently
revenve sufficiency.

2. Revenuve Stability: A companion objective to revenue sufficiency is revenue
stability. The form of the rate structure delerrnines how stable revenues will be
with respect to water use, and thus with respect 1o changes in weather, price, and
economic activity which affect waler use. A flat monthly fixed charge obviously
provides for the most stable revenue sueam. For example, under such a rate
structure, very wet or very dry conditions (although impacting water use) will
have no irnpact on revenues. Such rates, of course, do not encousage conservation N
and are not equitable in that those who use small amounts of waler subsidize those
who use large amounts of water. Conversely, seasonal rates (rates employing 2
relatively small fixed monthly charge together with both off-peak-period and peak-
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period quantity charges) with the peak-period quantity charge significandy
exceeding the off-peak-period quantity charge can introduce uncertzinty in the
revenue stream. For example, an unusually wet peak season can result in 2
significant reduction in water use, and thus 2 significant decrease in revenues.
Allernatively, an vnusually dry peak season (without accompanying water use
restriction) can result in both increased water use and revenues. Seasonal rates,
however, are better at encouraging conservation and are more equitable in that
they not only recover cost in proportion to use, but also in accordance to when the
use occurs {peak or off-peak). )

Economic Efficlency: Water price has an impact on the econormic efficiency with
which customers use water. Price relays the scarcity value of water so that water
consumption is encouraged when benefits exceed costs and discouraged whea
costs exceed benefits. While the rate revenue level has some influence on this,
it is primarily rate :tructure form and cost allocation basis which create incentives
for customers to Ut more Gr less water, or 10 use’ watcr more sparingly in scmc
periods than in others. Carcfully destgned incentives can alter load patterns in a
way that significantly reduccs the cost of supplyir:g walzz.

Equity: With respect to water rates, equity is defined as cost-of-service equiry.
Achieving cost-of-service equity requires the development of rates which are cost-
causative. That is, equity is maximized when each customer’s water bill equals,
as closely as possible, the cost bome by the purveyor in providing that service.
The principal is nondiscriminating in that it only considers the customer's waler
use characteristics (often meter size and water consurnption) in calculating v-aler
bills. This objective is determined by rate structure form and cost allocation bacis.
Proportional sharing of costs among cusiomers is unaffected by the rate revenus
level

Accentance: It is important ti:at waler raies are readily vnderstood and acceptes
by water customers. Although the rate revénue level has some impact on thie,
experience shows that it is principally rate structure form and cost 2llocation basis
which cause customers to conclude whether or not rates are fair and equitzble, or
that the way in which they are be billed is or is not comprel.ensible.

Rate structure form and cost allocation basis are the primary factors in four out of the five
water rate objectives. Only revenue sufficiency is accomplished primarily through changes in
the rate revenue level. The other four objectives are imporiant 1o virtually all water utilities, yet
changes in rate structure to accomplish these ends are rarely contemplated. Rate structure form
and cost allocation basis are powerful management tools, oficn ignored in the interest of
continuity and a raistaken reliance on the importance of precedent
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=0 As is obvious from the above discussion of rate objectives, these objectives are often
conflicting. Although we recognize that all these obiectives are important, the reader should
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This does not mean that we fee] that the objective of revenue stability, for example, is not
important. Itisimportant. However, conservation-promoting rates can be implemented together
with the establishment of a reserve fund and the proper level of working capital so that the risk
of revenue insufficiency is minimized even for seasonal rates with large price differences

between seasons.

Conservation-Promoting Rates

One additional objective of water rates is the promotion of water conservation. Not
everyone, however, has the same definition of water conservation. Since the term first became
widely used more than a decade 220, the title "water conservation” has been applied to activities
as diverse as building dams, cloud sesding, xeriscape landscaping, rewrofitting homes with water-
efficient toilets and showerheads, and even advice on tooth brushing habits. To understand the
concept of water conserving rate structures, it is necessary to clarify the meaning of water

conservation.

One widely used definition was adopted by several Federal agencies in the late 1970's
(Baumann, 1984). It simply states that water conservation is brought about when (1) a reduction_
in the use or loss of water occurs, and (2) the reduction must be, on balance, beneficial. For
a reduction to be beneficial requires that benefits (which may accrue to customers, the utility,
or the community as a whole) must ourweigh the costs (which include Joss of use and
inconvenience). This is synonymous with the economic efficiency objective. A reduction in
water use which is not beneficial fails the test because it is inconsistent with the principal of i
conservation of all scarce resources..

Definition of Conservation-Promoting Rates. Changes in rate structure form, provicer
they are not accomplished by increases in the rate revenue level (total revenue derived from user
charges), have the virtue of avoiding the possibility of nonbeneficial changes in water use. In
this situation, the total amount paid by all customers does not change if their water use patierns
do not change. If some customers reduce use as a result of incentives provided in the rate ;
structure, it is because it is beneficial for them to do so. In comparison, the water raies
resulting from the mere doubling of the prior raie revenue level does not constitute 2
conservation-promoting event. Although water use will very likely decrease, the total amour:
recovered from all customers will very likely increase.

Therefore, a conservation-promoting rate structure is one which results in a net reductior
of water use solely due to the economic incentives contained therein, when compared to other
rate structure aliemnatives. Such 2 rate structure can only benefit water users taken as 2 whole,
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The utility should te indifferent 1o this realiocation, provided that it continues (0 set its revenue
requirerents in the same way. To determine whether a conservation-promoling raies are in
effect, a set of subjective criteria must be established. The criteria selected to defin2
conservation-promoting rates are presented in the next section.

Criteria

Four criteria were selected 1o define conservation-promoting rates based on our raie
developroent and water conservation experience. These four criteria are listed in the following

table.

Table 1-1 Criteria for Conservation-Promoting Rates

Criteria Description
1--Rate Swucture Form Type of rate swucture (i.c., uniforro quantity charge. incliniog block
quantity charge, se2sond) quantity charge).
2--Allocatico of Costs to Fixed a3 Tbe portion of the nel revepue requirements allocated 10 the fixed and
Variable Charges variable compopents of Lbe rate structuse (e.g., service charge v. quantity

charge). Net revenve requisements 2re Lbe op2ration and maintenance
expenses and capital costs 10 be recovered from raies.

3--Sources of Utility Reveouves Tbe ponion of the total revedue requirements recovered from rates 2s
compared 10 otber sources of reveue (e.g., 12x receipls, ro-on fees,
and impact fess).

4--Communication of Rates a2nd Water | Communication (o the customers about Lbe rates and tbeir waler use.
Use .

Methods Used to Measure if the Criteria are Satisfied. In Chapters 2 through 5 of this
report, specific guidclines are developed for each of these criteriz  The guidelines are used 10
define the conservation-promoting componernts of each criterion. Supporting discussions are
provided for each of the guidelines as well as exemptions (when warranted). For example, 2
guideline for rate structure communication (Criterion 4) would be the use of monthly or
bimonthly billing in which the amount of water consumed, (compared to the same period in the
previous year and/or the average for the previous year), and the rales charged are clearly
presented. Monthly or bimonthly billing is necessary to provide the customer with timely
information on their water use and v-ater rates. An exemption for this guideline might be the fact
that the udility is required by a prior agreement to bill in a different manner or less frequendy.
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fact that the vutility is required by a prior agreement to bill in a different manner or less
frequenty.

Chapter 6 provides a summary of all the criteria and the associated guidelines that wili
be used to determine if a udlity's rates are conservation promoting under a Go/No Go format.
That is, the guidelines are either satisfied or they are not. Initially we recommend that only
those guidelines which are the most effective in promoting water conservation need to be
satisfied in order for rates to be defined as conservation promoting. However, within 2 years
all of the guidelines nesd to be satisfied. For example, a utility may have what we have defined
as a water conservation-promoting rate structure form (Criterion 1), but if an-insignificant
portion of the costs are allocated to, and thus recovered from the variable charge (Criterion 2),
there will be little or no conservation. Therefore, the guidelines for Criterion 1 and 2 would
initially have to be satisfied for the rates to be defined as conservation promoting. The
guidelines which should initially be satisfied under this Go/No Go format are identified in
Chapter 6.

Chapter 7 provides a weighting system for the criteria and guidelines which can be used
as an alternative to the Go/No Ge format summarized in Chapter 6. The weighting system is
subjective, but as discussed in Chapter 7 a weighting system may provide a better indication as
to whether a rate structure is conservation promoting under certain conditions. Whether the
Go/No Go format or the weighting system is used, cerain data must be obtained in order 10
determine if the criteria are being met. A questionnaire is presented in Appendix A to identify
the necessary dal2 to be collected from the utilities.

For each of the criteria, guidelines are also presented for sewer utilities to acknowledze
the relatdonship between water use (indoor use) and wastewater discharge. However, the
determination of whether a water utility's rate structure is conservation promoting will not b2

dependent on the guidelines for sewer utilities.
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CHAPTER 2

RATE STRUCTURE FORM--CRITERION 1

The form of the rate structure is an important parameter in establishing water conserving
rates. A rate structure consists of two general components: a fixed service charge and a quantity
charge. The fixed charge is collected each billing period and does not depend on the amount of
water used. Typically, the fixed charge varies with meter size. On the other hand, the quantity
charge represents the price paid for each unit (e.g., Cef or 1,000 gallons) of water consurned.
If a customer has both an irrigation and domestic or commercial meter the quantity charge would
be levied on the sum of the water use from each meter. Water utilities generally employ two
types of quantity charges; uniform or block. There are a number of variations of these two types
of quantity charges. This chapter describes the guidelines related to both water and sewer
quantity charges. The level of the fixed charge is covered in Chapter 3.

Water Utility Guidelines

The first guideline prohibits declining block water rates. Declining block raies cause 2
customer to pay a lower water price with increasing blocks (increments) of water use during 2
given billing period. Alternaiively, water agencies must employ either uniform or increasing
block rates. Uniform rates consist of a single price (§/1,000 gallons) applied to all users for all
water use. Uniform rates can be seasonal. Increasing block rates have the effect of charging
higher prices for higher blocks of water use. ’

The usual rationale for declining block rates is that large commercial and industrial water
users usually have favorzble load-factors (the ratio of peak use to average use is low relative t¢
other customer classes) and hence should be charged less. The use of declining block rates are
one means of accomplishing this objective. A major disadvantage of declining block ratzs,
however, is that they perform poorly in sending a price signal that encourages cuslomers 1o use
water efficiently. Another disadvantage is that some large customers may have a strong seasonal
water use patiern (large ratio of peak 10 average use), and therefore, do not deserve a lower price.
If customer rate equity (as determined by a customer's contribution to use during the peak
period) is 2 major concem o a water utility, 2 uniform quantity charge which varies by season
would be superior in addressing this concemn. It would not only provide a more equilable means
of providing ratz relief to large nonseasonal customers, but would also provide a better price
signal 1o encourage water conservaton.

Inclining block rates have become more popular in recent years and are commonly
promoted as water conserving rate structures, With inclining block rates, three issves need to be
addressed for each class of customers: the number of blocks, the size of blocks, and the price of
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each block. Unfortunately, there is often linle objective bases for making these decisions.
Moreover, water is used by a diversity of customers for a diversity of uses which change over
time. This greatly complicates identifying homogeneous block rate classes (especially
nonresidential customers) or establishing blocks based on historical usage. As a result, block
rates are somewhat arbitrary and could be subject to challenge. From a pricing standpoint,
inclining block rates penalize custorers for using a unit of water in a higher block, but they dc
not comrespondingly reward customers in lower blocks for saving a unit of water. For example,
a reduction of one unit of water use in the second block may save $3, while a custorer saving
a unit in the first block may save only $1. For these reasons, inclining block rates may not
necessarily be superior 10 uniform rates, but are acceptable under this guideline.

The second guideline requires seasonal rates for utilities with highly seasonal water use
unless they meet the District's water use reduction requireraents via inclining block rates or
nonseasonal uniform rates. However, if average daily water production in the paak season
exceeds that in the off-peak season by more than 50 percent, a seasonal quantity charge should
be adopted. The peak season is defined as the four continuous months with the largest water
production levels based on the last 3 years of water use records. The off-pzak szaon includes
the remairing 8 calendar months of the year. The differential in water price between the twe
seasons shall be based on standard practices articulated in (AWWA Water Rates Manual, 1991).
If meter recording for billing purposes is currently completed at time intervals greater than once
every two months (e.g. quarterly), seasonal rales do not have to be implemented initially.
However, within 2 years the utilities are required o0 implement monthly or bimonthly billing (se2
Chapter 5) and thus seasonal rates would have 10 be implemented at that time.

The superiorizy of seasonal quantity charges over nonseasonal uniform or inclining block
quantity charges stems from that fact that most water agencies incur a significandy higher cost
in supplying a unit of water during the peak season. This results from the fact that when waler
demands are distincly seasonal the water system facilities have 10 be sized to meet this peak:
seasonz] demand. As 2 result, costs related to facility size (capital costs such as dedt szrvice and
cerwin size related cper:tion and rmaintenance cxpenses such as maintenance and replacemen:
expenses or depreciation) can be traced directly to the need 10 have peak season capacity, an:
should be recovered in the peak season quantity charge. However, during the off-p2ak seasor,
a portion of the capacity dictzied by and provided for peak season use is used and thus a poricn
of these capacity (size) related costs could be included in the off-peak season quantity charge.
The variable costs (power, chemicals and purchased water, if appropriate) would be recovereé
throughout the year and thus included in both the off-peak and peak season quantity charges.
Because the capaciry related costs 1o meet peak demand are usvally higher than the capacity
related costs to meet average or off-peak demand, the unit cost of water (the quantity charge) in
the peak season is usually higher than the unit cost in the off-pezk season. As a consequence,
customers will pay a lower quantity charge during the defined 8 month off-pzak period and 2
higher quantity charge during the defined 4 month peak period.
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S As an example of the possible impact of such a rale structure, consider the case of
' aliernative cost-of-service based rate structures recently developed by Brown and Caldwell. Two
quantity charge rates structure aliernatives were developed (the fixed monthly service charges
were the same under both alternatives). One aliemative was a nonseasonal uniform quantity
charge of $0.38/Ccf. The second aliernative was an off-peak season quantity of $0.26/Ccf
combined with a peak season quantity charge of $0.46/Ccf. Consider the impact of this seasonal
rate structure on three residential customers: (1) the average customer who uses 10 Ccf/month
during the 8-month off-peak season and 26 Cc/month during the 4-month peak season; (2) the
customer who uses 12 Cc/month during the 8-month off-peak season and 36 Cc{/month during
the 4-month peak season; and (3) the customer who uses 12 Ccf/month during the 8-month off-
peak season and 48 Ccf/month during the 4-month peak season. The impacts are summarized
in Table 2-1. :

Y
:

As shown in this table the average residential customer (whose peak season monthly us2
is'2.6 times off-peak season monthly use) actually receives an 1.8 percent reduction in the
quantity charge portion of the bill under the seasonal rate structure alternative. The annual cos:
of water remains the same for the high peak season user (peak use is 3 times off-peak use) and
increases by 3.5 percent for the very high peak season user (peak use is 4 times off-peak use).
The rates were designed 10 be revenue neuvural over all users giving consideration to use
reductions during the peak period resulting from the price increases associated with the seasonal
rate structure alternauive. )

Most nonseasonal users would pay less under the above seasonal rate aliernative.
Charging customers the seasonal unit cost will likely promote water conservaton.

The implementation of seasonal rates will mean that the water bill will significanty
increase during the peak season (February through May for most utilities) and decrease during
the off-peak season. 1f seasonal rates are adopted, this should be communicated to the utility’s
customers. In addition, the utlity will have to adjust its working capital requirements 0
correspond to the changes in cash flow resulting from the adoption of seasonal rates and mzay,
have 1o establish a reserve fund in order to be prepared for unanticipated fluctuations in wit2s
use. :

Obviously, the design of both inclining block rates and seasonal rates require the
definition of block thresholds and block rate levels (in the case of inclining block raies) and
seasonal prices (in the case of seasonal rates). As we will elaborate on in Chapter 7, block rates
will differ litte from nonseasonal uniform rates if the first block threshold is set so high such
that very few customers and thus, very little water use is assessed the higher price in the second
block. For example, if the average monthly single-family water use in a community is 10 units
(e.g.. 1,000 gallons) and the block threshold for the second (next) block is defined as 50 units,
very litle single-family customer water use will be assessed the second block price. As a
consequence, even if the price increase between blocks is large, the impact on use will be small.
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Table 2-1 Impact of Sensonal Ratz Structure

Nonseasonal uiifonn quantity charge Scasonal quantity charpe Diffcrence
Off-pesk Pea’ Total annual Off-peate Peck Total annual
revenucs, reveniies, rev , revenues, revenucs, revenues,
Description collars doltars dollars dollirs dollars dollars Dollars Percent
Average user 30.40 39.52 69.92 20.80 47.84 68.64 <1.28> <1.8>
High peak season user 3648 54.72 91.20 24.96 66.24 91.20 - -
Very high peak scason uscr 36.48 72.96 100.44 . 2496 88.32 113.28 3.84 35
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Similarly, if the price level of the second block is only slightly higher than that of the first
block, regardless of the block size, there will be litde impact on water use. For example, if in
the sarne community as sited in the above example, the block threshold is established at 10 units
(rather than 50 units), but the price increase between blocks is only S percent {say $1/unit in the
first block and $1.05/unit in the second block) the impact on use will be negligible. As 2
consequence, we offer the following guidelines with respect to designing inclining block and

seasonal rates:
Indlining Block Rates:

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

2. The threshold between the first and second blocks for a given customer
classification should be equal to or less than 125 percent of the average water
usage for that customer classification. Although inclining block rates can be
comprised of more than two blocks (although it is rarely necessary), guidelines are
established based on only the first two blocks.

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

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

first block.
Seasonal Rates:
1. The seasonal rates (quantity charges) should be applied during the 4-month period

of highest water use (for the utility as a whole).

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

A variation of the more traditional inclining block rate structure is an inclining block rate
structure in which the second block is only levied on water use during the peak water use season.
This type of rate structure is typically called 2 seasonal surcharge rate strucrure and is vsually
assessed on some percent of water use over average use. This type of structure is merely an
inclining block structure applied only during the peak season. As with the more traditional
inclining block rate structures, a definition of block thresholds 2nd block rate levels is required.
The guidelines for the development of a seasonal surcharge rate structure would include both the
guidelines for inclining block rates and seasonal rates as presented above. This includes the
requirement that the block threshold between blocks be equal 1o or less than 125 percent of the
average use for the customer classification rather than equal 1o or less than 125 percent of the
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average use for individual customers. This will prevent users with high average use (who may )
waste waler year-round) from having a significant portion of their peak season use escaping the
surcharge.

Seasonal Water Use

In the Southwest Florida Water Management District service area, it is clear that peak
usage occurs in May. An analysis of 1otal pumpage data for the District indicates that there is
a large peak in usage in May, which is clearly weather related (because it corresponds to a peak
in neét irrigation requirements). In addition, there is a minor peak (clearly less than the major :
peak in May) in October. This minor peak also corresponds to an increase in et irrigation .
requirements. As a consequence, this minor peak is also, at least partially, a result of weather
conditions. In some service areas, it is our understanding that there is a large influx of part-ime {
residents in the late fall and early winter ("snowbirds"). These part-time residents may also
contribute w0 the minor peak. As a consequence, in order to equitably recover the cost of service
form these part-time residents, water utilities with population increases during the late fallearly
winter of 20 percent or more may employee seasonal retes during this peak or during both the
fall and spring peaks. A detailed discussion of seasonal flucuations in gross waler pumpage is
presented in Appendix D.

Sewer Utility Guidelines }

The guideline regarding sewer rate structure form requires the quantity charge to be
uniforro. This uniform rate can vary by customer class because of differences in the quality of
the discharge. Restaurants, for example, have been found to have much higher biochemical
oxygen demand and suspended solids.Joadings per gallon of discharge than residential customess, )
and hence, should pay a higher price to reflect the higher costs of treaunent Furthermore, since .
wastewater discharge is not as seasonal as water use, the nzed for block or seasonal type rats
is minimal.

Because sewer customers rarely have their wastewater discharge metered, utililies usually
base the sewer charge on water use. A problem arises, however, as some waler uses, such as
irrigation, do not rewrn water 1o the sewer. For customers with significant irrigation, a utility
can limit the amount of water assessed the sewer charge based on what can reasonably be
expected to be used for indoor purposes. Many utilities limit single family cusiomers 10 around
10,000 gallons/month. Most commercial, industrial, or instirutional customers with large
irrigation requirernents are often given the opportunity 10 install irrigation meters whose waler
use is not assessed a sewer charge.
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The guidelines established to determine whether the utility’s rate structure form is
conservation promoting, are presented in the Tables 2-2 and 2-3. The guidelines for waler
utilities are presented first followed by the guidelines for sewer utilities.

Under the Go/No Go format discussed in Chapter 1, the water utilities have to initially
satisfy those guidelines which are the most effective in promoting water conservation (unless they
qualify for stated exemptions) in order for their water rates to be defined as conservation
promoting. The guidelines which have to initially be satsfied are indicated above. Within
2 years all of the guidelines for water utilities will have 10 be satisfied. The guidelines for the
sewer utilities do, not have to be satisfied for a water utility’s rates 1o be defined as water
conservation promoting.

The water utility guidelines presented above will be summarized in Chapter 6 to
determine whether a water utility's rates are conservation promoting under the four criteria when
measured using the Go/No Go format. A weighting systen is also presented in Chapter 7 as an
alternative to the Go/No Go formal The data 10 be collected by the utilities, to identify the rate
structure form, are specified in the questionnaire in Appendix A.
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Table 2-2 Water Utility Guidelines
Rate Structure Form~Criterion 1
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Satisfy

Guideline

Discussion

Yes ()
No ()

Initially
Required

Yes ()
No ()

Lnitially
Required

1A.

Water agencies with
either flat rates (do not
vary with water use) or

-declining block rates shall

sdopt either uniform
(conseasonal or seasonal)
or inclining block rates.

. Water utilities with

pooseasonel uniform
quantity ckarges shall
adopt either inclining
blocks or seasonal rates
(see 1C. below).
Inclining block thresbolds
and quantity charges shall
be differcat for each
customer classification.
There shall be af least rwo
blocks and the threshold
between the first and
second tlosks for a given
customer class shall be
equal 10 or Jees then the
125 percent of the
average uszge for that
class. The size of the
secopd dlock shal) be
equel to or greater than
the size of the first block,
2nd the price of the
second block shall be at
least 125 percent of the
price of the second block.

Exemption
1A. Noane.
1B. If the use of
nonsezsonal udiform
quantity charges

mezts the District's
water use reduction
requirements and the
average daily water
production in the
peak se2son exceeds
that of the off-peak
season by 50 percent
or less (see 1C.
guidelines below).

1A. Declining block rates do

not eacourage customers
to use water efficiently.
Although inclining block
rates are commoanly
promoted as water
conserving rate structures
they are pot necessarily
superior to uniform rates
and thus both are
accepted for this
guideline.

. If developed in

accordance with the
parametzrs defined in the
*1B.* guideline, inclining
block rates are more
conservation promoting
than ponseesopal uniform
rates, Seasonal rates (see
1C. below) would also
promote more waler
conservation than
nonseasonal uniform
rates.
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Rate Structure Form—Criterion 1 (continued)

Satisfy

Guideline

Exemption

Discussion

Yes ()
No ()
Required

within
2 years

1C. If averzge daily water
production (mgd) in the
peak scason exceeds that
of off-peak season by
more than 50 percent, 2
seasonal quaslity charge
sbould be adopted. The
quantity charge in the
peak season shall-exceed
the quantity charge in the
off-peak season by at least
25 percent.

1C. -If meter reading for

billing purposes is
completed al time
intervals grealer than
once every two
mooths (e.g.,
quarterly). This meter
reading exemption is
only valid for 2
years. If utility bas a
population increase of
greater than

20 percent in the
fall/winter season, it
may assess peak rates
during this fall peak
apd/or tbe spring
peak.

1C. Most water agencies

incur a siguificantly

higher cost in supplying 2

uait of water during the

peak season. Passing on

the seasopal uait cost to
customers can

significantly improve the

water conserving
practices of customers.

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

Satisfy

Guideline

Exemption

Discussion

Yes ()

No ()

1A. Sewer agencies are
required 10 have uniform
quantity rates. .

1A. Tbe amount of water

assessed the sewer
quantity charge may
be limited.

1A,

A limit is warranted

when significant amounts
of water are pot returped

to sewer (e.g.,
irrigation).
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CHAPTER 3

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

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

Water Utility Guidelines

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

The rates developed in Brown and Caldwell's cost-of-service based rate studies arc
designed 10 meel the rate objectives presented in Chapter 1 (i.e., revenue sufficiency and stability,
economic efficiency, equity, and acceptance). As part of the cost-of-service based rat
development, the costs (revenue requirerents) to be recovered from rates are separated into thos2

which are water use dependent and those which are independent of water use. The revence -

requirernents 1o be recovered from raies are more appropriately termed net revenue requirements
because the revenue: from other sousces (e.g., impact fees, interest income, penalties,
turn-on/turn-off fees, hook-up fees, eic.) have been subtracted from the towl costs. Impact fees
(sometimes called connection fess, system developroent fees, capacity fees, elc.) are fees assessed
new developrent to recover the cost of providing capacity to serve new connections and hook-up
fees recover the direct costs of connecting a new customer (e.g., the labor and materials for meter
and service line installation). These fees are designed Lo recover the incremental capital costs
allocable w0 new applicants for service. Water rates, on the other hand, are designed 1o recover
the cosis (both O&M expenses and capital costs) allocable 10 existing customers.

Cost-of-service water rate studies typically allocate the net revenue requirements to be
recovered from rates to the following parameters: fire protection, customer, base waler use, and
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peak water use. Fire protection costs are the capitzl and O&M costs direcdy (hydrants) and
indirectly (storage and distribution system capacity) allocable 1o fire protection. Custorer costs
include the capital and O&M costs associated with billing, melers, and service lines. Base and
peak water use costs include the capital and O&M costs associated with providing water during
average and peak periods of demand. The fire protection and customer costs are independent of
use and shovw'd be recovered via the fixed monthly (or bimonthly) porion of the rates. The
remaining net revenue requirements should be recovered via the quantity charge portion of th*
rates. Water rate strucnures which have a fixed charge, that includes a miniroum amount of water
(miniraum charge), usvally result from the fact that costs that should be recovered from the
quantity charge have been shifted to the fixed charge portion of the rate structure.

Sewer Utility Guidelines

Cost-of-service sewer rate studies typically allocate the net revenue requirements to be
recovered from rates to the following parameters: flow, biochemical oxygen derand (BOD),
suspznded solids (SS), infiltration/inflow (I/1), and custorzer. U costs are the capital and O&M
costs allocable to U1 based on its proportion of the total influent 1o the wastewater treatment
plant U1 costs ere usually recovered over the nursber of customers or flow depending on the
customer mix. Customer costs include the capitzl and O&M costs associated with billing and
service lines (laterals). Flow, BOD, and SS costs include the capital and O&M costs associated
with the collection, treatment, 2nd disposal of wastewater. Far a sewer utility, the customer costs
are independent of use and should be collected via the fixed monthly (or bimonthly) porion of
the rates and the remaining net revenue requirements should be recovered via the quantity charge
portion of the rates. /I costs can either be recovered via the fixed or variable component of the
rate structure depending on the homogeneity of the customers. 1f the customers are relatively
homogenous then /T costs can either be recovered via the fixed charge or via the quantity charge.
If the customers are not homogenecus (with respect to the amount of discharge) I costs sl.ould
be recovered via the fixed portion of the rate structure.

The guidelines established to determine whether the utlity's allccaticn of costs 1o the
fixed and variable charges is conservation promoting, are presented in Tables 3-1 and 3-2. The
guidelines for water utilities are presented first followed by the guidelines for sewer utilities.
Lifeline rates for qualifying customers (e.g., low income, elderly, and/or disabled) would be
exempt from the guidelines.

Under the Go/No Go format discussed in Chapter 1, the water utilities will initally have
to satisfy those guidelines which are the most effective in promoting water conservation (unless
they qualify for the stated exemptions) in order for their water rates 1o be defined as conservation
promoting. Al of the water utility guidelines for this criterion have to initially be satsfied. The
guidelines for sewer utilities do not have to bz satisfied for a water utiliry’s rates to be defined
as water conservagon promoung.
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Allocation of Costs to Fixed and Variablc Charges.-Criterion 2

Satisly

Guideline

Exemption

Discussion

Yes( )
No ()

Initally
Reguired

P
= ;

Yes ()
No()

Injually
Required

2A. 75 percent or more of the
pet revepue requirements
are recovered from the
variable poruon of the rate
sgucrure (quantity charge).

2B. No minimum charge. A
minimpm charge is 2 fixed
charge whicb includes
SOIDe waler use,

2A1. Actal meter, service
line, and billing costs
(fixed costs) are
grealer than 25 percent
of the pet reveoue
requirements.

2A2. Pant-time residential
population increase in
excess of 20 percent
so that 2 major shift
from fixed charge cost
recovery (o variable
charge cost recovery
may result in an
inequity in the
recovery of costs for
residential cuslomers
who only reside part
time in Southwest
Florida. In such cases,
only 65 percent or
more of the et
revenue requirements
peed be recovered
from tbe variable
portion of the rate
sgucture (quantity
charge).

. Lifeline rates for
qualifying cusiomers,

2B. Lifeline rates for
qualifying customers.

2B.

This guideline is based on
a review of cost-of-sesvice
water rale studies. The
more pet revenue that is
recovered {rom the
variable compooent of the
rale sgucture the more
conservalion promoling.

Miniroum charges shift the

recovery of a poriion of

the variable costs (o the

fixed compooeat of the

rate sgucture. This shift

reduces the portioo of the

rate sgucture which is

dependent 0o water use .
and tbus reduces the N
ability 0 proaote

conservation.

QMs-Pses
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Table 3-2 Sewer Utlity Guidelines )
Allocation of Costs to Fixed and Variable Charges--Criterion 2 I
Satisfy Guideline Exempiion Discussion )
Yes () 2C. 7S perczot or more of e 2C1. Acmual billing, service | 2C. This guideline is based ‘
pet revenue requirements are lines (laterals) and 111 oD a review of cost-of-
No() recovered from the variable costs are greater than service sewer rale
portion of rate structure 25 percest. studies, The tmore pet l
(quantity charge). revenue that is
2C2. Residential rates are recovered through the
fixed dbut were variable portion of the ]
initially based oo rale structure the more )
average indoor water coaservatios promoung. :
use. =

2C3. Quantity cbargss are
assessed large
dischergers ‘
{commercial and

- industrizal uscrs

discharging more

han 30,000 galloos I

per mootb) and are

based on waier uss.

2C4. Lifeline rates for } |
qualifying customers.
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N Utilities that have historically recovered a significant portion of their costs from fixed )
' charges, and are now recovering more from variable charges, should establish a revenue
stabilization fund or reserve fund. A revenue stabilization fund will provide the required revenue

when water use is Jower than expecled, thus allowing the utilities to achjeve revenue stability

while at the same time having water conservation-promoting rates.

The water utility guidelines presented above will be summarized in Chapter 6 to determine
whether the water utility’s rates are conservation promoting under the four criteria when
measured using the Go/No Go format A weighting systern is presenied in Chapter 7 as an
alternative to the Go/No Go format in Chapter 6. The data to be collected by the utlities, to
identify the allocation of costs to the fixed and variable charges, are specified in the questionnaire
in Appendix A.
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CHAPTER 4

SOURCES OF UTILITY REVENUES—CRITERION 3

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

The guidelines are based on a review of the budgets and financial statements for utiliues
for which Brown and Caldwell has conducted rate studies (see Appendix C) and are intended to
represent industry averages. The sources of revenue were categorized as operaling or
nonoperating revenues. Operating revenues are the revenues from rates, impact fees, other fees,
and miscellaneous operating revenue as specified in the financial statements. Nonoperating
revenues are interest earnings, taxes, transfers from other funds, and other miscellaneou:
nonoperating revenves. Assuming that the operating revenues recover the costs associated with
providing the respective services (e.g., rates-—-existing services, impact fees--expansion facilities,
and other fees--turn-on services and connection services) then the revenues from these sources
are consistent with the true costs of supplying water. Using the interest earned on the operating
revenues and/or reserves provided by the operating revenues, to offset the cost of providing these
services, is also consistent with the troe cost of supplying water. In contrast, utilities with rates
that reflect the subsidizes provided by taxes and transfers from other funds (e.g.. general fund)
are not providing the true pricing signal to their customers.

The guidelines established to determine whether a udlity's sources of revenues arc
consistent with the true cost of supplying water or providing wastewater service, and thus
conservation promoting, are presented in the following tables. The guidelines for water utilities
are presented first followed by the guidelines for sewer utilities.
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rates, impact fees, other
fees, and interest incoms,
or at least 75 percent
recovered from sewer rales,

Classify assessment
district reveoue as
impact fee reveaue 1O
meet 90 percent
guideline,

3A2. The other sources of

revenues are grants.

3A3. Geoeral fund aod tax

subsidies will only

the sewer uulites for
which Brown and
Caldwell bas conducted
rate studies. The
justification for this
guideline is that the price
of wastewater services
sbould equal the true cost
of providing wastewater
services. In other words,
tbe true cost of providing
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Table 41 Water Utility Guidelines )
Sources of Utility Revenues—Criterion 3 I
Sausfy Guideline Exemption Discussioo
Yes () 3A. At least 90 percent of tbe 3A1. Water assessment 3A. This guideline is based oa [
water utiliry’s total reveaue disgicts fuod a review of the financial
No( ) is recovered from (be water expaosion projects. stalements and budgets of
rates, impact fees, otber Classify assessment the water utilities for l
Required fees, and interest income, district reveaue as which Brown and
within 2 or at least 75 percent impact fee revenue o Caldwell bas conducted
years recovered from water raes. meet 90 percent rate studies. The
guideline. justification for this I )
guideline is that the price -
3A2. The otber sousces of of selling water sbould =
revepues e grants, equal tbe true cost of l )
- supplying water. In other
3A3. Geoeral fund and tax words, the true cost of
subsidies will only supplying water should oot
coatinue for 2 more be masked by subsidies. l
years, -
Table 42 Sewer Utility Guidelines
Sources of Utility Revenues-—-Criterion 3 ) l
Satisfy Guideline Exemption Discussion
Yes( ) 3A. At least 90 percent of the 3A1l. Sewer assessment 3A. This guideline is based on i
sewer utility's total reveoue diswicts fund a review of the finaocial
No() is recovered from e sewer expansion projects. statements and budgets of [

coatinye for 2 more
years.

wastewaler services should
pot be masked by
subsidies.
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4.3

Under the Go/No Go format discussed in Chapter 1, the water utilities have to initially
satisfy those guidelines which are the most effective in promoting water conservation (unless they
qualify for stated exemptions) in order for their water rates to be defined as conservation
promoting. As shown in the tables, none of the guidelines for sources of utility revenues have
10 be satisfied initially, but within 2 years all of the guidelines for water utilities will have 10 be
satisfied. The guidelines for the sewer utilities do not have to be satisfied for a water utility's
rates 1o be defined as water conservation promoting.

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

recovered from rates and other charges.

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

WATER RATE AND WATER USE COMMUNICATION--CRITERION 4

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

The guidelines established to determine if a utility is effectively communicating the rates
1o its custorners are presented in the following tables. These guidelines are based on our rate
development and water conservation experience. The guidelines for waler utilities are presented
first followed by the guidelines for sewer utilites.

Under the Go/No Go format discussed in Chapter 1, the water utilities will inially have
to satisfy those guidelines which are the most effective in promoting water conservation (unless
they qualify for stated exernptions) for their water rates to be defined as conservation promoting.
The guidelines which have 10 initially be satisfied are identified in Table 5-1. Within 2 years
all of the guidelines for water utlities will have to be satisfied. The guidelines for sewer utilities
do not have to be satisfied for a waler utility's rates to be defined as water conservation
promoting.

The water uiility guidelines presented above will be summarized in Chapter 6 10
determine whether the water utility's rates are conservation promoting under the four criteria
when measured vsing the Go/No Go formal. A weighting system is presented in Chapter 7 as
an aliemative 10 the Go/No Go format The data 10 be collected by the utilities, for determining
whether or not the utility is communicating the rates and water use to its customers, are specified
in the questionnaire in Appendix A.
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5-2
Table 51 Water Utility Guidelines
Water Rate and Water Use Communication--Criterion 4
Satisfy Guideline Exemption Discussion
Yes () 4A. Warer rates clearly 4A. Nooe. 4A. For a customer to respond
documented op water bill. 10 the water rates and use
No() the resource efficicouy
they have o know the
Inivally . price (rate).
Regquired
Yes () 4B. Historic (fom the same 4B. Rlat water rates are 4B. Customers respond 1o tbe
period io the previous year used. This exemption is price of waler by cbanging
No () and/or average [or tbe oaly valid for 2 years, beir water use. Therefore,
" previous year) aod current the customer has to be
Required waler use are documenled _ provided with information
within 2 0D the water bill. Water 00 tbeir water use.
years use shouid be preseoted in
gallons per day.
Yes () 4C. Mooty or bimonthly 4C1. Tbe Utility is required | 4C. Monthly or bimoothly
billing. by a prior agrezsment billing is required to
No () o bill 0o the tax rolls, provide the customer with
tmely information on their
Reguired— 4C2. Ra water rates (oot waler use and waler rates.
wilhin dependent on water
2 years. use) are used This

exemplion is only
valid for 2 years.
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Sewer Rate and Water Use Communication--Criterion 4

Satisfy Guideline Excmplioa Discussion
Yes ( ) | 4A. Sewer raies clearly 4A. Nooe. 4A. If sewer rates are based oo
documented oo sewer bill. water use and the
No () customers have beco
informed of he sewer
rates, they will respond by
using tbe resource (water)
efficicotly.
Yes () 4B, Historic (rom the same 4B1. If tbe water aod sewer | 4B. If sewer rates are based oo
period ip tbe previous year utilities are separale waler use, (hep a cuslomer
No () and/or average for the eplities and this responds o tbe sewer rales
previous year) and curreot information canpot be_ by changiog their water
water use are documented provided io a timely use. Tberefore, the
on the sewer bill. Water use mannet. customer bas o be
should be presented in provided with information
gallons per day. If a percent | 4B2. Fla sewer raies are on their waler use,
of water use or 3 limit oo used.
the amount of water use is
used o calculale the sewer
_ bill, that should be
documented.
Yes () 4C. Mooty or bimonthly 4C1. Tbe uiility is required | 4C. If sewer rales are based on
billing. by a prior agreement water use, moothly or
No () 1 bill 00 tbe t2x rolls. bimoothly billing is
required lo provide the
4C2. Rat sewer rates are customer wilh timely

used,

informatioo 00 their sewer
rates and waler use.
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CHAPTER 6

SUMMARY OF CRITERIA--GO/NO GO FORMAT

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

"Table 6-1 Criteria for Conservation-Promoting Rates

Criteria . Description
1--Rate Sgueture Form .| Types of rate suucture form (... uniform quantity charge, inclining
block quantity charge, ssasopal quanuity chasge). -
2--Allocation of Costs o Fixed and The portion of the nel revenue requirernents allocated to the fixed 2nd
Variable Charges variable components of e rate structure (i.c.. service charge v. guantity

charge). Net revenue requiremeots e be operaiion and maintenance
expenses and capital costs 1 be recovered from rates.

3--Sources of Utility Revenues The portion of Lbe ot} reveoue requiremests recovered {rom racs 2s
compared 1o othe sources of revenue (e.g.. [2x receipis, two-oo fees.
and impact fess).

4--Comsounication of Rates aod Water | Communication 10 the customers about the rates and their waier use,
Use

In Chapters 2 through 5, spacific guidelines were developed for each of these criteria.
The guidelines were used 10 define the conservation promoting components for each criteria.
Initially we recommend that only those guidelines which are the most effective in promot:
water conservation need 10 be satisfied in order for the rates to be defined as conservauic:
promoting. However, within 2 years all of the guidzlines nced to be satisfied. Under this formz:
all the guidelines must be satisfied by the utility. For example, a utility may have what we have
defined as a water conservation promoting rate structure form (Criterion 1), but if an insignifican:
portion of the costs are allocated and thus recovered from the variable charge (Criterion 2), there
will be litle or no conservation. Therefore, the guidelines for Criterion 1 and 2 would inigally
have 10 be satisfied for the rate structure to be defined as conservation promouing.

Chapter 7 provides a weighting system for the criteria and guidelines which can be use¢
as an aliernative 1o the Go/No Go format surnmarized in this chapter. The weighting sysizm is
subjective, but as discussed in Chapter 7 a weighting systern may, under certain conditions,
provide a berier indicalion as o whether rates are watsr conservation promoung.
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For each of the criteria, guidelines are also presented for sewer utilities to acknowledg”
the relationship between water use (indoor use) and wastewater discharge. However, the
determination of whether a water utility's rates are conservation promoting will not be dependen:
on the guidelines for sewer utilities.

The following tables summarize the guidelines presented in Chapters 2 through 5 for
waler and sewer utilities, respectively. The guidelines that have to initially be satisfied for the
waler utility’s rates to be classified as conservation promoting are identified. A questionnaire
is presented in Appendix A to identify the necessary data 1o be collected from the utilities.

Under this Go/No Go format, the wter utilities have to initially satisfy the five guidelines
(1A, 1B, 2A, 2B, 4A) which are the most effective in promoting water conservation (unless they
qualify for stated exemptions) in order for their water rates to be defined as conservation i
promoting. Within 2 years all of the guidelines for the water utilities will have 10 be satisfied B
(unless they qualify for stated exemptions). The guidelines for the sewer utilities do not have
to be satisfied for a water utility's rates 1o be defined as waler conservation promotng.
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S Table 6-2 Water Utility Guidelines
Sausfy l Guideline Execmtion Discussion
Criteriop 1--Rate Strucrure Form: )
Yes () 1A. Water agencies with either | 1A. Nooe. 1A. Declining block rates do
flat rates (do not vasy oot encourage customers
No () wilh water usz) or to use water efficiectly.
declining block rutes shall Although inclining block
Initially adopt cither uniform rates are commonly
Required (oonseasonsl or seasonsl) promoted as water
or inclining block rates. copserving rate structures
they are not necessarily
superior to uniform rates .
and thus both are %
accepted for this
guideline.
Yes () 1B.. Water ulilides with 1B. If the use of 1B. If developed in
poaseasonsd uniform nonseasoos) uniform accordance with the -
No () quantity charges shall quaatiry charges parameters defined in ke
adopt citber inclining meets the Distriet's °1B.* guideline, inclining
Injrally blocks or seasonsl rates water use reduclion block rates are more
Regquired (sec 1C. below). requirements and the copservation promoting

Inclining block thresbolds
and quantity charges shall
be different for each
customer classification.
There shall be at least two
blocks 2nd the threshold
between the first 2od
second blocks for a givea
customer class shall be
equal 1o or less then e *
125 pereent of the sverage
usage for that class. The
size of the second block
shajl be equsl 10 of
grester then the sizz of
the first block, and ke
price of the second block
shal] be at Jeast

125 percent of the price
of the secend block.

average daily water
produchion i the peak
season excesds that of
the off-peak season by
50 percezt of less (see
1C guidsline).

thap nonseasopal uaiform
rates. Seasoonal
Donseasoaal rates (se2
1C. below) would also
promote more wates
conservation.

Qup P
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6-4 Table 6-2 Water Utlity Guidelines (continued)
Satisfy Guideline Exemption Discussion

Criterion 1=Rate Soucrure Form (continued):

Yes () 1C. If average daily water 1C. If meter reading for 1C. Most waler agencies incur
production (mgd) io the billing purposes is a significantly higher cost

No () peak scason excesds that of completed al lime in supplying a unit of
off-peak season by more intervals greater tban water during the peak

Required than 50 perceot, 3 seasopal once every two months scason. Passing on he

within quantity cbarge sbould be (e.g.. quanerty). This seasonal vait cost

2 years adopled. The quanlity meter reading customers cao significanyy

charge in the peak season
shall exceed the quanlity
charge in the off-peak
season by at least

25 percent

exemption is oaly valid
for 2 years. If udility
has 2 population
increase of greater ban
20 percent io e
fall/winler season, it
may assess peak rales
duriog this fall peak
and/or spring peal. -

improve the waler
conserving pracuices of
Cuslomers.

Criterion 2—Allocation of corsts to Fixed and Variable Cbarges:

Yes ()
No ()

Inially
Required_

2A.

75 percent or more of the
pet revenue requirements
are recovered from e
variable portion of the rawe
structure (quantity charge).

2A1. Acted! meter, service
lizes, and billing costs
(fixed cosis) greater
thap 25 pereent of pet
revepue requirements.
2A2. A pan-time residential
population increase in
excess of 20 percent so
that 2 mzjor shift from
fized charge cost
recovery 10 variable
charge cost recovery
m2y resull in an
ibequiry in tke
recovery of costs for
residential customers
wbo only reside pan-
ume in Southwest
Rlorica. In such cases,
only 65 percent or
more of e pet
fevezue requirersnts
peed to be recovered
rom the variable
ponion of the rate
structure {(Quantity
cbarge).

. Lifeline raes for
qualifying customers.

This guiceline is based oo
a review of cost-of-service
waler rate swdies. The
more net revenve that is
recovered from the
variable component of the
rale stuciure the more
COnSErvalion promoting.
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Table 6-2 Water Utility Guidelines (continued) 6-5
Satisfy I Guideline Exemption Discussion

Criterion 2—-Allocation of costs to Fixed and Variable Charges (continued)

Yes () No minimum charge. A 2B. Lifeline rates for. 2B. Minimum cbarges shift be
minimum cbarge is a fixed qualifying customers. recovery of a poriion of
No( ) charge which includes the variable costs o the
SOme waler use. fixed component of the
Injually rate syucture. This shift
Required reduces the portion of the

raie structure which is
dependent oo water use
and thus reduces the -
ability to promote
conservation.

Criterion 3~Sources of Udlity Revenues:

Yes () 3A. At least 90 percent of e 3A1. Water assessment . This guidelioe is based on
" water vtility's total reveoue districts fund a review of the fiancial
No () is recovered from the water expansion projects. stalements and budgets of
rates, impact fees, other Qlassify assessment tbe water utilities for
Required fess, and interest income., districl reveaue as which Brown and
within _ or at leagt 75 percent impact fes reveaue 10 Caldwell has cooducted
2 years recovered from waler raies. meet 90 percent rale srudies. The

guideline.

Jusufication for this

guideline is that the price
of selling water should
equal the true cost of
supplying water. In other
words, the true cost of
supplying waler should not
be masked by subsidies.

3A2. The other sources of
reveoues zre grants.

- { 3A3. Geoeral fund and tax
subsidies will only
cootinue for 2 more
years.

e
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6-6 Table 6-2 Water Utility Guidelines (continued)
Satisfy Guideline Exemption I Discussion

Criterion 4~Water Rate and Water Use Communication:

Yes () 4A. Waer rates clexly 4A. Nooe. 4A. For a customer to respond
documented oo water bill. 10 the water rate structure

No( ) and use e rosource

efficiently they bave 0

Initially know the price (rate).

Required

Yes () 4B, Historic (fom the same 4B. Flal water rates (oot 4B. Customers respond 10 the
period in the previous year dependent 0n water price of water by changing

No () and/or average for the use) are used. This their water use, Therefore,
previous year) and current exemption is only the customer has to be

Required waler use are documenied valid for 2 years. provided with information

within 2 on the water bill. Water . op their water use.

years use should be presented in
gallops per day. -

Yes () 4C. Monthly or bimonthly 4C1. Tre uuility is required 4C. Monthly or bimoothly
billing. by a prior agresment billing is required to

No () 10 bill he oo tax rolls. provide the customsr with

limely information oo their

Reguired 4C2. P2t waer rales are water use and water rates.

within used. This exemption

2 years is only valid for

2 years.
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Sausfy

Guideline

Exemption

1

Discussion

Criterion }—Rate Soucture Form:

Yes ()
No ()

JA. Sewer agencies are

required 10 bave uniform
quantity rates.

1A. Tbe amount of water
assessed the sewer
quantity charge may be
lirpited.

. The more reveoue that is

recovered via a quantity
charge the more
conservation promoung.
A limit is warranied when
significant amouots of
water are not retwned ©
sewer (i.c. irrigadon).

Criterion 2—Allocation of Costs to Fixed and Variable Cbarges:

Yes ()
No ()

2C.

75 percast or more of the
pet revepue requirements
are recovered from e
varizble poruoa of rate
structure (quantity cbarge).

2CI1. Actual billing, service
lines (laterals), and LT
cosis are greater than
25 percent
2C2. Residential rates are
fixed but were initially
based oo average
indoor water use.
2C3. Quanlity charges are
assessed large
dischargers
(commercial and
industrial users
discharging more b2
30.000 gallons per
mooth) and are based
00 waler use.

Lifelioe rates for
qualifying cusiomers.

2C4.

2C.

This guidelipe is based on
a review of cost-of-service
sewer rate studies. Thbe
more net revenue thal is
recovered through the
varizble poruon of the
sewer rate structuse e
more conservauos
promoting.

QMS- PSS
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6-8 Table 63 Sewer Utlity Guidelines (continued)
Sauisfy | Guideline Exemption Discussion
Criterion 3~Sources of Utility Revepues:
Yes () 3A. At least 90 percent of e 3Al. Sewer assessment 3A. This guidelioe is based on
sewer utility's total districts fund 3 review of the financial
No () revenue is recovered from expaosion projects. statemneots and budgets of
e sewer rates, impact Classify assessment the sewer utilities for
fees, otber fees, and district revenue as whicb Brown and
interest income, or al Jeast impact fee revenue 10 Caldwell has conducted
75 percent recovered from meet X percent - rae studies. The
sewet rates. guideline, justification for this
guideline is what the price
- of waslewaler services
should be equal the true
cost of providing
waslewaler services. In
other words, the trve cost
of providing wastewaler
services should oot be
masked by subsidies.
_3A2, Tbe other sources of
revenues e grants.
3A3. Geoeral fund and lax
subsidies will only
continue for 2 more _
years.
Criteria 4=Sewer Raie and Water Use Communication:
Yes( ) 4A. Sewer rates clearly 4A. Noge. 4A. If sewer rates are based on
documepted oo sewer bill. waler use and tbe
No() customners have been
informed of Whe sewer rate
suucture, ey vill respond
by using ke resource
(waler) efficienty. _
Yes () 4B. Historic (from the sam= 4B1. If the water ang sewer | 4B. If sewer rates 2re based o
period in the previous year utilities are separale waler use, thep a
No () and/or average for the enlities and this - customers responds (o the

previous year) zod cusrent
water use are documented
on the sewer bill. Waler
use should be presented in
gallons per day. If 2
percent of water use or a
limit 0p the amount of
waler use is used W
calculate the sewer bill,

tat should be documented.

information canoot be
provided i 2 timely
maooer.

4B2. Fla sewer raies are
used,

sewer rales by changing
their waler use. Therciore,
the customer has to be
provided with inform21i00
oo their water vse.
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Table 6-3 Sewer Utility Guidelines (continued) 6-9
R Satisfy Guicslie Exemption Discussion
Yes () 4C. Mootly or bimoathly 4C]. The utility is required | 4C. If sewer rates are based 00
billing. by prior agreement 0 waler use, moothly or
No () bill oo the tax rolls. bimonthly billing is

4C2. Plat sewer ratzs are
used.

required 10 provide the
customer with timely
information on their sewer
rates and water use.

-
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CHAPTER 7

WEIGHTING SYSTEM FOR CRITERIA

The previous chapter (Chapler 6) summarizes the guidelines developed in Chapters 2
through 5. As specified in Chapter 6, the utilities have to initially satisfy those guidelines which
are the most effective in promoting water conservation (unless they qualify for the stated
exemptions) and within 2 years satisfy all the guidelines. That is, the guidelines are presented
in a Go/No Go format. The short coming of this Go/No 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 defined as a waler conservation proroting because of not meeling one of the
criterion.

For example, a utility may meet the two relatively qualitative criteda (Criterion 1 and 4)
and recover 100 percent of the utilities total revenue requirements via rates (as compared to the
75 percent requirement set forth in Criterion 3), but only recover 70 percent of the net revenue

~ requirements via the quanlity charge (as compared to the 75 percent required by Criterion 2).
Clearly this udlity (which fails via the requirement that all four criteria be satisfied) actually
collects more of its total annual revenue requirements via the quantity charge (70 percent
(1.0 x 0.70]) than does the utility which passes all four criteria (56.2 percent [0.75 x 0.75)). In
an attempt (0 avoid these types of anomalies, we have also developed a weighting system for
determining whether or not a utility has adopted a water conservation promoting rate structure.
This weighting sysiem can be used by the District as an alternative to the Go/No Go systen
summarized in Chapter 6. .

Weighting System
In order 1o develop a weighting system, it is first necessary 10 establish a rank (viz

weighting factor) for each of the four criteria These weighting factors are presented in the tablz
below. : :
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7-2
Table 7-1 Weighting Factors
Crileria Weighting Factor, percent
1. Rate Swucture Form 20
2. Aliocation of Costs 1o Fixed/Variable Charges 40
3. Sources of Ulility Revenues 30
4, Communication on Bill . 10
Touw . 100

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

Having established overall weighting factors for each of the four criteria it is necessary
to develop a scoring systern for each criteria  The scoring system is presented in the following
sections.

Rate Structure Form (Criterion 1). For the reasons indicated in Chapter 2, seasonal
quantity charges are the most equitable and efficient in recovering the cost of service and in
promoting conservation for service areas that exhibit seasonal use. In our weighting system (sce
Table 7-2), the seasonal rate quantity charge received a higher score than either the nonseasonal
uniform quantity charge or the inclining block quantity charge, the peak-season charge must
exceed the off-peak season charge by 25 percent Inclining block quantity charges, although
difficult 10 design based on sound economic principles, can also be effective in promoting
conservation. Depending on the ratio of the price of the wail block to the price of the first block,
the block thresholds, and the size of the blccks, this type of structure maybe more conservaiicn
promoting than a nonseasonal uniform quasility charge. As we indicated in Chapter 2, Ui size
of the first block should not exceed 125 percent of average monthly usage. Declining block ang
flat rate structures are never conservation promoting and thus have been assigned the lowest
score. The weighting factors for Criterion 1 are presented below.
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- Table 7-2 Weighting Factors for Criterion 1
Quantity Charge Form Score
Seasonal
1. Ratio of peak season o off-peak season charge is greater than 1.5. 5
2. Ratio of peak season to off-peak season charge is less than or equal to 1.5, but 4
greater than 1.25. .
- 3. Ratio of peak season 1o off-peak season charge is less than or equal to 1.25. 2.5

Inclining Blocks

1. Ratio of tail block charge to first block charge > 1.5 and the first block 3.5 H
threshold is less than or equal to 125 percent of average monthly use for class. =

2. Ratio of tail block charge to first block charge is less than or equal to 1.5 2
and/or first block thresbold is greater than 125 percent of average moothly use
for class.
Nonseasopal Uniform Quantity Charge 2.5
Declining Blocks 1
Flat Rates . 0

Allocation of Costs to Fixed and Variable Charges (Criterion 2). Obviously the more
costs (net revenue requirements) that are allocated to and thus recovered from the quantity
charge portion of the rate structure, the more conservation promoting. A subjective scoring
system for this criterion is set forth below.

g en

Table 7-3 Weighting Factors for Criterion 2

Percentage of Net Reveoue Requirements
Recovered via the Quantity Charge Score

90 - 100
80 - 89
0-79
60 - 69
50 - 59

N W A W
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Sources of Utility Revenues (Criterion 3). As indicated in Chapter 4, the greater the
amount of total revenues recovered via rates (zs opposed to taxes, transfers from the general
fund, or other subventions) the more effective the pricing signal. The proposed scoring systern I
for this criterion is presented below.

Table 7-4 Weighting Factors for Criterion 3

The Percentage of Total Utility Reveaue Score -
Collected via Rates

90 - 100
80 - 89
70-79
60-69 .
50- 59 1

m— | S—— —— D

N W A W

Rate Structure and Water Use Communication (Criterion 4). As indicated in
Chapter 5, the more information a customer is given about the rates and their water usage, the
more likely they are to respond to a pricing signal. A scoring system for this criterion i3
presented below. \

Table 7-5 Weighting Factors for Criterion 4

Comrmunication os Bill Score

Rates, water use in current billing period. and water use io similar ) . . B
period of prior year and/or averzge from prior yedr

Rates and water use in current billing pesiod 4 l
Rates ooly 3
Waler use in current billing period 3 ‘
Moothly or bimonthly billing 2

No information op rates or usage ! l
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Given the weighting of the criteria and the individual scoring of each criterion, the highest
score possible is a 5. In order for ulity water rates to be defined as conservation promoting
using the weighting and scoring system it must have a score of at least 3.2.

Example

To illustrate the use of the weighting system, we have provided a sample calculation for
a water utility with a nonseasonal uniform quantity charge, 70 to 79 percent of its net revenue
requirements recovered from quantity charges, 80 to 89 percent of its total' revenues collected via
rates, and only the water rates (not usage) are communicated on the bill. The results calculation
are presented in Table 7-6 below:

Table 7-6 Example Utility Scoring

Weighting factor, ‘ -
Criteria percent Score &%y Toul*
1. Rate stucwre form 20 g @s) s 0.5
2. Allocation of costs
10 fixed/variable 40 9 3 N 1.2
charges
3. Sources of vtility .30 - LS 4 5 1.2
revenues
4. Communication on 10 Kl 304 0.3
bill , )
Total 100 U S S 3.2

*Weighting factor times score.
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CHAPTER 8

REGULATORY REVIEW

The review of policies, rules, and regulations governing the development of water rates
includes:

* Florida Public Service Commission (FPSC) requirements for investor owned
utilities, . .

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

* Government owned, operated, or managed water and wastewater utilities.

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

Florida Public Service Commission

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

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

The inclining rates adopted by HSWC have been in effect for approximately six months
and were approved with special requirements. The utility must report to the FPSC quarterly on
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consumption and revenue to monitor the programs' effectiveness at promoting conservation and
desired levels of revenue. The quarterly reports will be filed for a period of eighteen months
at which time the program will be analyzed. FPSC staff indicated that there was no particular
difficulty during the approved process other than deciding on an elasticity value. A conservative
elasticity of -0.1 was assumed by the FPSC based on their review of professional literature.
This conservative approach, taken by the FPSC in approving HSWC'’s inclining rates, reinforces
the importance of setting rates to assure that revenues will not be derived in excess of the
allowed rate of return of the utility’s rate base.

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

.

County-Regulated Private Utilities. Of the 16 counties that comprise the Southwest ]
Florida Water Management District, six have elected to regulate the private utilities within their
boundaries. These counties, Hillsborough, Manatee, Sarasota, Charlotte, Hardee, and Polk are
given regulatory authority under FS 367.171. Under this authority, the requirements of the rate l
setting as set forth in FS 367.081 (1), (2), (3), and (6) 2gain state that only rates must be just,
reasonable, compensatory, and not unfairly discriminatory. There is nothing within the statutes
that would prohibit conservation-promoting rates as long as the four criteria of the statute are I
met.

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

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

11 DINEREPORT S 412 @20 EBICINPS l
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Conclusions

Based on our review of the policy and rules and regulations governing the development
of rate structures, for both publicly and privately owned utilities, there are no restrictions against
the use of conservation-promoting rates. The only requirements are that the rates be just and
reasonable across users and user groups, and provide reasonable assurance that the revenue
generated from the rate base equal the ulility’s revenue requirements.
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SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
WATER AND SEWER UTILITY QUESTIONNAIRE

IDENTIFICATION

Date;

Name and Address of Utility:”

Name and Title of Person Responsible for Questionnaire:

Phone Number:

INSTRUCTIONS

Please refer to the respective Chapters 2 through 5 of this report for additional information
on the data requested in the following water and sewer utility questionnaires. 1f your uulity
provides both water and sewer service please complete both the water and sewer utility
questionnaires. If you have any questions call Southwest Florida Water Management District.
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WATER UTILITY QUESTIONNAIRE

Criterion 1--Rate Structure Form (See Chapter 2)
Data Source: Water Rate Ordinance (please include a’copy of the water rate ordinance)

1. In the following table indicate (with 2 check) the water utility’s quantity charge structure
( by customer class.

Quantty Charge Single Multiple
Structure Family Family Commercial Industrial Otber

Declining Block
l Uniform
Inclining Block

i Seasonal*
{ 'If seasonal surcharge structure, check with inclining block and seasonal.

2. Fill in the current quantity charges by customer class (dollars/unit). What are the units
,3) used (e.g., dollars/gallon, dollars/cubic feet (cf), dollars/hundred cubic feet (Ccf))
(R ?

i I Single Muldple
] Quantty Charge Family - Family Commercial Industrial Other

Declining Block

1 First Block
Second Block

\ Uniform Rate
Ioclining Block*
{ First Block
( Second Block
. Rado
(Second/First)
Scasooal'

Off-Peak
| Peak

i Rado
(Peak/O(T-Peak)

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

IO NEARIPORTNA SR SITAFEBI-A WP
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3. If you checked declining block or inclining block charges in Number 1, fill in the water
use block thresholds (using applicable units) associated with the quantity charges by
customer class. What are the units used (e.g., gallons, cubic feet (cf), hundred cubic feet
(Ccf), 7 If you checked seasonal quantity charges in Number 1, fill in the
period (months) associated with the quaritity charges by custorer class.

. Single Muldple
Quandty Charge Family Family Commercial Industrial Other

Declining Block -

First Block

Secoond Block

Ratio of first and :
secoad block N
threshold to average b
use by class

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

Inclining Block® .

First Block

Second Block

Rado of first and
second block ;
threshold to average 4
use by class

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

Seasonal Periods, moaths® . i

Off-Peak Period
Peak Period

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

DOIRREPORTIELNR S LNEIT- A WPS R
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£ 4. Fill in the monthly water production for the last three years in the following table. What J
o are the units used (e.g., gallons, million gallons (mg), cubic feet (cf), hundred cubic feet
(Ccf), acre feet (ac ft) ) 7

Moath Year Year Year

July
August

September
October

November
December - : )

. SN
Total

Peak Season (2)
Production
Percent of Total

Off-Peak Season (b)

TR

Production

Percent of Total

(a)Production during 4 cootinuous months with largest water production (.., February through May).
(b)Production during remaining 8 months of calendar year (e.g., June through January).

OOANEREPORTINA INR S-TAFER93-A, WPS .)
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5. Indicate the water utility’s meter reading cycle by customer class in the following table.

Meter Reading Cycle’ | Single Multiple Commercial Industrial Otber
Family Family

Mogthly ’

Bimonthly

Greater than Bimonthly

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

RS

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

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

User Charge Single Muliiple Commercial | Industial Other Total Percent

Revenues, Family | Family . of Total

Year - -\-I

Quantity ‘.

Charge

(Variable)

Fixed Charge )

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

in the following table.

Fixed Charge Expcuses Year

Meter maintenance

Service line maintenance

Billing/Customer Servies

Meter Reading

Other costs (e.g., c2pital costs, minimum waler use costs);  Specify |

Total Fixed Charge Expenses (should match fixed charge total in number 6)

|

CIOMIRALAREIOR TSR SN L-ONFEBI- A WPS
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' ...«‘ 8. If the fixed charge includes some water use (minirnum charge) fill in the amount of water ’ )

use by customer class. What are the units used (e.g., gallons, cubic feet (cf), hundred
cubic feet (Ccf)) ?

If Fixed Charge Single Multiple Commercial Industrial Otber
Includes Some Water Family Family
Use

Amount of Water

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

Data Sources: Water Utility Financial Statement; Water Utility Budget - Year end
summary of revenues.

9. In the following table fill in the requested water utility sources of revenue.

Sources of Revenue Year

- — )
:}) Water Rates -
Impact Fees

Otber Service Charges (e.g., turn-on fess, hook-up fees)
Otber Operating Reveaues

Interest Income ) - 7
Subtotal
Percent of Total

Taxes

Traosfers from Other Funds

Ouber Noooperating Revenues
Subtotal

Percent of Total

Total

R TS EB-A WP3 .)
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Criterion 4--Water Rate and Water Use Communication (See Chapter 5)

Data Source: - Example Water Bill

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

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

o b d b =l i

S

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

130 If yes to numbers 11 or 12, is the water use presented in gallons per day on the water
bill ?
Yes No

14. Inthe following table indicate the water utility's billing cycle by customer class.

. i
—

Billing Cycle Single Muldple Commercial Industrial Otber .
Family Family J

Moothly

Bimontbly l,

Greater than Bimoathly

IOV PSR EFORTINR SNAI-ONFER - A WPS
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o SEWER UTILITY QUESTIONNAIRE )

Criterion 1--Rate Structure Form (See Chapter 2)

Data Source: Sewer Rate Ordinance (please include a copy of the sewer rate ordinance)

1. In the following table indicate (with a check) the sewer utility’s quantity charge structure
by customer class. .

Quantity Charge Single Multiple Commercial Industrial Otber
Structure Family Family

Flat
Declining Block )

Unifocm
Inclining Block _
Seasonal

£ ) Criterion 2--Allocation of Costs 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 fixed and variable sewer utility user charge revenues by
custorner class. :

User Cbarge Single Muldiple Commercial | Industrial | Otber Total Percent
zcvcnus. Family Family of Total
ear

Quandty Charge
(Variable)

Fixed Charge

Total

IO NEREFORTIAR IR B-CNED- A WPS -)
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3. What expenses are funded by the sewer utility's fixed charge ? Fill in the dollar amounts
in the following table.

Fixed Cbarge Expenses’ Year
Infilration/Inflow

Service line maintenance

Billing/Customer Service

Othber costs (¢.g., capital costs, minimum discharge):
Specify

Total Fixed Charge Expenses
(should maich fixed charge total in pumber 2)

o

Criterion 3--.Sou.rc5 of Utility Revenues (See Chapter 4)

Data Sources: Sewer Utility Financial St28ment; Sewer Utility Budget - Year end
summary of revenues.

4, In the following table fill in the requested sewer utility sources of revenue.

-

Sources of Reveaue Year

Sewer Rates

Impact Fees

Otber Service Charges (e.g., turo-on fees, hook-up fees)

Otber Operating Revenues
Interest Income

P

ol

Subtotal
Percent of Total

Taxes

Transfers from Other Funds

Other Nonoperating Revenues
Subtotal

Percent of Total

Total

YOV AEREFORTIR N 3-CAFEBYS- A WPS
Qi S.PoIDS
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. Criterion 4--Sewer Rate and Water Use Communication (See Chapter 5)

Data Source: - Example Sewer Bill

5. Are the sewer rales docurnented on the sewer bill ?
Yes ___ No

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

7. Is the historic water use for a similar period in the prior year and/or the average frora the
prior year documented on the sewer bill ?
Yes No -

8. If yes to numbers 6 or 7, is the water use presented in gallons per day on the sewer bill?
Yes No

9 If a percent of water use or a limit on water use is used to calculated the sewer bill is this -)

o~ . documented on the sewer bill ?
. Yes No

10.  In the following table indicate the sewer utility’s billing cycle by customer class.

Billing Cycle Single Muldple Commercial Industrial Other
Family Family

Monthly

Bimonthly

Greater than Bimonthly

CIOIREREPORTINS SNE ORI 4. WPS
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table 2 Het Revenue Requirements Allocation for Water Utilities in OTHER slu:s'
EEREEEEIZESERTERTEZS2STITIIEE =8 (22 1] ESEEZIITE

Reverue Allocation, percent
Study Requirements, fire

utility (&) Date Accounts  million s Year Protection Facility(b) Customer Total
1. City of Plttsburg, CA Hay- 92 13,500 $7.01  1992/93 (A 85.7 10.2 100.0
2. City of Salt Lake Clty, UT Jan-92 73,000 $10.01  1989/90 .6 . 6.7 21.9 100.0
3. City of Mest Sacromento, CA Feb-92 8,000 $4.88 1992/93 10.4 az7.1\ 2.5 100.0

(residenital not metered) '
¢. Northridge Uater Lisctrict, CA Dec-91 21,000 12.99  1992/93 1.3 70.5 28.2 100.0

tresidenital not mctered)
5. Paradise trrigation District, CA  HNov-91 10,000 ’ $2.22  1992/93 18.5 862.6 18.8 100.0
&, Clty of fresno, CA Jul-91 94,000 3$21.46 1991/92 4.7 75.6 19.7 100.0

(residenital not metered)
7. clyy of Grass Valley, CA Sep-90 2,000 $0.82 1990/ 23.8 69.3 6.9 100.0
8. Soquel Creck Uater Disctrict, CA  Jun-90 13,000 33.19  1990/91 6.4 77.2 16.4 100.0
9. Clty of San Dlego, CA Har-90 350,000 117,19 1989790 2.8 82.1 15.1 100.0
10.City of Corvalllis, OR feb-88 11,000 $2.36 1987/83 15.9 69.2 15.0 100.0
11.City of Hartinez, CA Jun-88 © 9,000 $3.42  19808/89 7.8 78.0 %.1 100.0
12.City of Matsonville, CA Nov-87 11,000 32.50 1987/88 12.0 .4 16.6 100.0
13.City of Oklahoma City, OX Jon-87 150,000 $23.94  1986/07 6.6 77.8 17.8 100.0
&.City of Antioch, CA Dec-86 15,000 $2.03  1984/85 12.8 79.9 7.3 100.0
15.Clity of Santa Cruz, CA Feb-85 21,000 $4.20 1984/85 8.2 67.3 3.5 100.0
Average 53,433 14,43 9.0 5.4 15.7 100.0
2SEZASEESINENENESEITECETRENE

(a)Source:Cost-of-service rate studies conducted by Brown ond Celduell’s Pleasant Hill, CA offlce.
(b)Includes bose and extra capescity cost sllocation os well as vorisble cost allocation.

ALLOCATIDN SUMHMARY:

Average Fixed and Variable Allocation - OTHER STATES

Fixed (Fire Protection ¢ Customer) =
varlable (Focility) =

Ame

25X
5%
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" Table 22 Het Revenue Requirements Allocation for FLORIDA Water Utllitles
EIEZEZEEFETSITTSSEEEXITITITIZIEISEEETEES ZEZEITTRET CEEEEETEITI r. IEE
. Revenue Allocation, percent
Study Requirements, Readiness to

utitity (a) Date Accounts aillion S Year Serve (b) Usage (c¢) Customer(d) Totsl
V. City of Winter Pork, FL Jan-92 21,155 $4.79 1992 17.4 63.8 © 1.8 100.0
2. Collier County, fL (e) Aug-91 V7,500 $13.15 1992 N4 . 51.5 7.1 100.0
3. City of st. Cloud, FL Feb-91 7,000 30.73 1991 17.0 69.0 © 4.0 100.0
Average 15,218 $6.22 25.3 81.4 13.3 100.0
(s)Source:Rate studies conducted by Brown and Celdwell’s Orlando, FL office. .
(b)Readiness to serve costs are peak capacity costs (OLH and capital) recovered over munber of equivalent meters. :

(c)Usage costs are base capacity costs end variable costs recovered over water use.

(d)Customer costs are customer accounting and billing costs and meter-related costs recovered over mutber of customers,

(e)for Collfer County more costs were allcoated to readiness to serve calegory because existing debt was only sllocated
to the reodiness to serve category. The flire protection jllocotion of 3.6 percent was included in customer.

ALLOCATION SUHMARY:
Average Fixed and Variable Allocation - FLORIOA

Fixed (Readiness to Serve ¢ Customer) = o
' Varisble (Usege) = 41X

Average Fixed and Variable Allocotfon « FLORIOA AND OTHER SIAIES (see Table 2)

Fixed (Fire Protection or Readiness to Serve ¢ Customer) 27X
Variable (Fecllity or Usage) = 73X
L}
[}
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Toble 3 Het Reverwe Requircments Allocation for Vastewater Utilities in OTHER STATES

FISECTCIEEEFIEIESEEEIEISECSEEECETTERSEIRESR £33 = 123 s23E23
Revenue Allocation, percent
Study Requirements, Pre-

utitity (a Date Accounts  million s Yeor Flou 800 §S  Customer n (] trestment Septage Total
1. City of Uest Sacramento, CA Feb-92 7,500 $2.76 1992/93 57.4 15.7 15.7 0.0 1.2 0.0 0.0 0.0 100.0
2. City of Hercules, CA Jun- 5,000 $1.19  1991/92 2.1 ., 4.0 4.0 0.0 0.0 0.0 ! 0.0 0.0 100.0
3. City of 8rookings, CA Har-91 2,000 $0.66 1990791 61.9 23.0 6.0 9.1 0.0 0.0 0.0 0.0 100.0
4. City of Grass Valley, CA (b) Jan-91 3,000 $2.35  1991/92 35.1 13.8 9.4 4.0 7.7 0.0 0.0 0.0  100.0
$. City of San Diego, CA (c) Har-90 249,000 $106.38 1990/ 65.2 0.0 26.9 0.9 .1.0 0.0 0.0 0.0 100.0
6. City of Rochester, MM Har-88 21,000 . 35.31 1988/89 39.5 27.0 4.5 2.4 9.5 6.4 0.7 0.0 100.0

i

7. City of Corvallis, OR Feb-88 10,500 $2.51  1987/88 33.9 16.1 4.9 5.9 39.1 0.0 0.0 0.0 100.0
8. Clty of Santa Cruz, CA Hay-87 13,500 32,72 1986787 3.3 1.9 16.6 3 35.3 0.0 1.8 0.0 100.0
9. Clty of ft Colllns, CA Feb-87 33,000 35.40 1986/87 54.7 12.5 1.7 1.3 12.5 0.0 1.3 0.0 100.0
10.East Bay MUD, CA (c) Aug-86 169,000 $27.76  1905/86 26,1 2.7 36.8 2.9 13.5 0.0 0.0 0.0 100.0
11.Honterey Reglonal Vater

Poliution Control Agency 170,000 $12.60 1992/93 54.7 26.3 13.4 1.7 0.0 0.0 2.2 1.7 100.0
Average 62,136 $15.24 50.2 15.7 14.9 2.8 15.1 0.6 0.5 0.2 100.0
ERESSEEEROSES sEE - APREEIT

(s)Source:Cost-of-service rate studles conducted by Brown and Coldwell’s Plessont Kitl, CA offlce.
(b)1/71 includes unused capacity.
(c)The measurement for BOO is actuslly for COD.

ALLOCATION SUMHARY:

Average Fixed and Varieble Allocatlon - OTHER STATES

Fized (Customer ¢ 1/1) = 18%
Variable (flow,B00,SS,1P,other) = 82%
|
: ,
3 .
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table 3a Net Revenue Requirements Allocation for FLORIDA Mastewster Utilitles
e NECrPCICINZIEEESESTSRSTESEEISR s o=

Reverwe Allocation, percent Reediness
Study Requirements, Customer to Pre-

Utility (a) Date Accounts million s Year Usage (b) , 800 13 (c) Serve (d) treatment Septage .. f?t,
1. ity of Vinter Park, i Jan-92 13,925 18.76 1992 80.1 0.0 0.0 8.0 13.9 0.0 . 0.0 0.0 100
2. Colller County, L (e) Aug-91 22,654 3$10.3% 1992 36.6 .. 0.0 0.0 10.9 $4.5 0.0 L 0.0 0.0 100
3. Cluy of st. Cloud, L Feb-91 5,800 $1.99 1991 56.3 0.0 0.0 6.0 37.7 0.0 0.0 0.0 100
Avernge 14,126 $7.03 57.0 0.0 0.0 7.6 35.4 0.0 0.0 0.0 100
llI.I!S'll'==ll.’.llll=l'lllll’l- ue was

{a)Source:Rate studles conducted by Brown ond Caldwell’s Orlando, FL office.

(L)Usage costs are base capacity costs and varisble costs recovered over water use,

(c)Customer costs are customer account Ing and billing costs recovered over number of customers.

(d)Readiness to serve costs are peak capacity costs (O&M and copital) recovered over nutber of equivalent billing units.

(e)for Collier County more costs were allcooted to readingss to serve category because of future debt service only allocated
to the readlness to serve category.

ALLOCATION SUHMARY:

Average Fixed and Yoriable Allocation - FLORIDA

Fixed (Readiness to Serve ¢ Customer) =z 43X
variable (Usage) = | 57%

Average Flixed and Variable Allocation - FLORIDA AND OTHER STATES
Fixed (1/1 or Readiness to Serve ¢ Customer) = 23X
Variable (Flow and Strength or Usage) = X

39Vd

407

5

BREH RN

(=T )



!
t
il
[
i

| !
Gl

exiiar __ (()15=2)
i
PAGE__IO_OF 9

. APPENDK C

;5

REVIEW OF THE SOURCES OF UTILITY REVENUES
|
;
i
i
1
!
|

'@ .

| :
]



File: WVRALLO, VX
Date: 03/04/93
Job #: 6825-02
Teble &

Revelu of Sources of Revenue For Water Utitities

I'e

IllIIIll’Ill"‘ﬂlll,lll.llllll‘-ll.. » mmaEER
.. Operating Revenues eee- eees  MNonoperating Reverwes ----
Other Trensfer
Study Revenue  Veter tmpact fees Service Interest from Other
Utitity (a) Date Accounts Yeor Rates fecs Chorges Other funds Other Total
1. Clity of Pittsburg, CA Roy-92 13,500
bollars (b} : 1989/90 3,354,176 53,419 | 18,188 0 0 802,059 $00,000 90 4,727,931
Percent of Totsl nx 1x ox 0x }4 1129 11X ox 100X
2. City of Vest Sacramento, CA (€) Feb-92 8,000 1989/90 -
dollars (d) 3,857,250 557,231 81,459 79,953 211,058 0 507,054 0 5,294,005
percent of Totsl X 1x 2X 2X (39 0% 10X ox 100X
3. Northridge Moter Disctrict,CA (c) Dec-91 21,000 1909/90
dollars (e) . 2,208,046 250,055 354,773 0 215,451 394,097 371,997 111,510 3,985,929
Percent of Totsl STX 6% £24 ox 5% 10X 9% x 100X
4. Paradise Irrigation District, CA Nov-91 10,000 1909/90
oollors (f) 1,426,274 138,114 11,706 45,130 79,441 517,083 0 57,439 2,273,187
percent of Totsl 63X [39 1% r+3 3x 23% ox x 100X
\
5, Soquel Creck Vater olzctrict, CA Jun-90 13,000 1900/89 §
oollars (9) 2,658,212 1,035,332 99,046 7,822 329,322 445,660 4,575,394
percent of Total 58X 23X 2% ox © ox ox 10X 100X
6, Clty of Martinez, CA Jun-88 9,000 1983/89
oollars ¢h) 3,332,833 269,240 25,922 o 323,957 0 27,190 19,386 3,998,528
Percent of Total a3x 123 1x ox ax ox % 23 100X
7. City of Antioch, CA Dec-86 15,000 1984785
Dollars (i) 2,176,038 1,216,475 100,718 25,593 25,732 0 0 3,544,556
Percent of Total 81X 34% 3x 1x % 29 12 100X
Average 12,786 2,7127,26% 502,838 98,830 22,643 169,280 244,748 200,092 90,584 4,057,076
Percent of Total 12X 2 $3 X } 4 X red (11123
ssszwens - Lid

(a)Utitities for vhom cost-of-service rate studies uere conducted by

(b)Source: Clty of Pittsturg 1909/90 Surmary

Transfers from other funds from general fund.

(c)Residentinl customers not metered.

(d)Source: City of West Sacramento 1991/92 Budget and 6/30/
(e)Source: Worthridge Vater 1989/90 Actusls end 6730790 Financial Statement. Trensfers

Taxes Include assessment district payments.
(f)Source:
(g)Source:
(h)Source:
(i)Source:

City of Martinex

of Revenuss ond 6/30/90 Enterprise fund Statement, Additional Funding

Sroun ond Csldwell’s Pleasent Hill, CA office. ‘
from Assessment Districts,

Paradise Irrigation District 1989/90 Actuals and 6/30/90 Financial Ststement, Texes to pay debt service.
Soquel Creck Vater 6/30/89 finoncial Statement.
4730769 Finencisl Statement uy
City of Antioch 6/30/85 Financial Statement,

Toxes to pay redevelopment bonds for treatment plant. v
90 Financial Statement. Transfers from other funds from redevelopment agency. >
from other funds {rom CIP end Surface Voter funds. 9]
m
Other nonoperating includes PERS surplus.

od for woter rate study update. Transfer from other fuds is prior year sdjustment. |4
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Teble 5 Review of Sources of Revenue For Wastewoter Utilities
mEE sSsaEx
.ee Operating Revenues aeee ---- Nonopersting Revenues ----
Other Trensfer
Study Reverue Vesteuster lapact Service Interest From Other
m“lly (a) Date Accounts Year Rotes fees Charges ' Other Eamlnea Taxes Funds Other Total
1. Clly of Vest Sacromento, CA (c) Feb-92 7,500 !
Dollars (b) 1989790 1,943,710 649,367 40,202 93, 736 583,894 0 0 0 3,!}0,909
Percent of Total 58X 20X X . 18% [1}4 0x 0x 100X
2. City of Hercules, CA Jun-91 5,000  1989/90
bollars (d) 701,172 83,300 4,125 29,035 0 0 0 0 817,632
Percent of Total 86X 10X 1% &% 24 ox 23 ox 100X
3. Clity of Rochester, WX Mar-28 21,000 1984795
Dollars (e) 3,552,425 4,939 14,520 0 24,756 60,92 15,278 2, 904 3,675,023
Percent of Total * orx 0x 29 0x 1% 2% (2 100X
&. Monterey Regional Voter Draft
Pollution Control Agency, CA Jun-92 170,000 1989/90
Dollars (1) 9,365,300 ] 316,365 0 280,000 0 0 301,808 10,243, ‘7)
Percent of Totsl 91X [114 3x 12 3x ox 123 3x
Average © 50,875 3,890,652 109,‘02 93,803 30.693 222,163 15,230 3,820 76,198 4,521,959
Percent of Tatal 86X% 2X 1 5% 123 ox 2X 100X
(a)utitities for vhom cost- of -service rete studies were conducted by Brown and Colduell’s Pledsant Kitl, CA office.
(b)Source: City of Vest Secramento 1991/92 Budget end 6/30/90 Financial Statement.
(c)Residentisl customers not mctered.
(d)Source: City of Hercules 6/30/90 Financial Statement and Sewer Enterprise Revenues Summary 1989/90.
(e)Source: City of Rochester 6/30/85 Flnancial Statement and 1987 Annuol Budget.
(1)Source: KRUPCA 8/30/90 Financial Statement and 1991-92 Budget.
REVENUE SUMMARY:
Wastewater Rates = * 86X
Operating Revenues = 23X
Operating Revenues ¢+ Interest income 98X

T 3ovd

40

—

T

HX3

Li

7

(



ExHisiT (i)

éAGE 73 ©oF g

APPENDIX D :

SEASONALITY OF WATER USE IN THE SWFWMD: _ i
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APPENDIX D
SEASONALITY OF WATER USE IN THE SWFWMD l
SERVICE AREA AND ITS IMPLICATIONS WITH
RESPECT TO SEASONAL RATES ]
In order o better understand the impact that seasonal rates and/or any general shift in the ]

recovery of annual revenue requirements from fixed charges (the fixed monthly service charge)
1o variable charges (the quantity charges) will have on cash flow and/or rate equity, we have
analyzed certain pumapage data for 1988 through mid-1992. Based on our analysis, we have the ] K
following conclusions: . :

1. In analyzing the total pumpage data for the entire Southwest Florida Water ]
Management District (District) service area, it is clear that there is a peak in abou:
May for all 5 years (1988 through 1992) for which we had data (see the attzched
Figures D-1 through D-5 for total pumpage for all utilities). In 1988, ther I
appears to be a fall peak (October) of almost equal magnitude to the spring pezXk
while in 1991, there is a peak in December which is significantly greater than tie
spring peak whose magnitude is about 20 percent less than the normal spring peat l
(sce magnimde of spring peaks in 1988, 1989, and 1990). We suspect the
reduction in the 1991 spring peak is the result of the 2 days per week irrigation
restrictions imposed by the District. In both 1989 and 1990, the fall/winter peaX |
is a minor peak compared to the spring peak. In 1992, there is a return to the
normal (in terms of magnitude) spring peak. In summary, it appears from: .
analyzing the total pumpage data, that there is a major peak in the spring and a |
minor peak in the fall/winter. As a consequence, those utilities that adopt season2l
rates should assess the peak seasor:al quantity charge during the 4-month pericd,
February through May. It is this peak that dictates the capacity of the system and !
the magritude of the capacity related fixed costs. - :

2. In addition 10 analyzing total Districtwide pumpage data, we also analyzed t:2
pumpage data for sore individual uilities. This pumpage data, together with nii
irrigation requirements (NIR) and the level of irrigation restrictions for ti¢
particular utility, are presented in Figures D-6 through D-16. Some of 11
individual utilities were selected because of their historical population increa:2s
in late fall/early winter (Venice, Winter Haven, and Lakeland). The purpose Ci
analyzing the pumpage data for these individual utilities was 1.0 determine (2
relationship berween the two peaks and the NIR weather variable. That is, wa
wanted to determine if the fall/winter minor peak was also, at least partial}y.
relaied to weather or due solely 10 the arrival of part-time residents/tourists.

OO NEREPORTI R IR S-ONFEBT-D. W PS
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The NIR is defined as evapotranspiration (ET) less effective precipitaion (EP).
Therefore, the NIR in month  is defined as:

(N[R)|=ETI'EPt

and represents the average amount of water required to prevent stress on turf
grass.

Effective precipitation, the precipitation that directly offsets ET requirements, is
estimated using a widely used equation by the USDA' as follows:

EP, = [1.25*(RAIN,*25.4)*™* - 2.93] * [10°®5"ENB0)25 4

where:
EP, = effective precipitation in month t (inches)
RAIN, = rain in month t (inches)
ET, = evapotranspiration in month t (inches)

Essentially, this equation recognizes that EP is less than rainfall. Some rain is lost
as runoff or percolates into the ground past the turf grass root zone and so is not
effective in offsening ET.

In examining the plots of pumpage versus NIR in Figures D-6 through D-16, it
can be seen that generally both the major spring peaks in pumpages and the minor
fall/winter peak correspond to relative peaks in NIR. It is shown that there is a
significant peak in NIR in late fall/early winter for almost all of the utilites
analyzed, including the utilities with a significant increase in population durin? the
fall/early winter. This indicates that even this minor peak is, at least partally,
weather driven rather than totally due to any population increase.

Despite our findings, we see no problem with the District allowing utilities with
a part-time population that exceeds 20 percent of the total population to either
assess seasonal rates during both peak periods (that is assess a higher quantity
charge during both the late spring/early summer and late fall/early winter peaks)
or exempt these utilities fror having to adopt seasonal raies and allow them to
instead adopt another conservation promoling rate structure form that better meets
their particular needs for rate equity and revenue stability.

*Evaporation and Irrigation Water Regquirements, ASCE Manuals and Reports on Enginesring
Practice No. 70, 1990. ’
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Total Pumpage"of All Utilities, gallons
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Pumpage, gallons
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o~ EXECUTIVE SUMMARY

Increasing water demands together with limited and more expensive water supplies have
increased the interest of water purveyors in the use of price 10 moderate demand. In order to use
price to moderate water demand, it is necessary to quantitatively determine the impact of price
on water demand. It is, therefore, the objective of this smdy 10 quantify the relationship between
waler price and water demand for customers within the Southwest Florida Water Management
District (SWFWMD) service area. This is accomplished by determining the price elasticity of
water demand for various classes of customers. Price elasticity measures the percentage change
in demand resulting from a 1 percent change in price all other factors held constant. The results
of this study are integrated into a computer rate model that can assist utilities within the
SWFWMD in assessing the impacts on both water use and revenue resulting from adoption of
alternative rate structures.

Research Design

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

& approach to use to measure the impacts of price. -

Utility Selection. SWFWMD staff and Brown and Caldwell jointly selected ten utilities
to participate in the study. A number of criteria were used in the selection process. Because the
objective of this study is to estimate price elasticity, the most important criterion was to obtain
utilities with different water prices: A diverse and wide ranging set of water prices increases our
ability to discern the influence of water price. Also sought were utilities from different regions
of the SWFWMD service area, those interested and capable of providing water use data, some . .
with shallow groundwater levels, some overlying deep sand soils, and at least one private utiliry.
Based on these criteria, the utilities listed in Table ES-1 were selected for inclusion in the study.

Customer Disaggregation. Because water price affects different customers in different
ways, we studied specific classes of water users. Single family homes are by far the largest class
of customers within the SWFWMD service area comprising over two-thirds of the total nurber
of customers and about one-half of the total water use, As a consequence, we Spent a major
portion of our effort estimating the price response for this customer class.
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Table ES-1 Participating Utllities

No.  Utlity County 1990 population ~ Private utility
1. City of Bradenton Manatee 44,303 No
2 Hillsborough County Hilisborough 130,149 No
3 City of Lakeland Polk 118,507 No
4 City of Lake Placid Highlands 4,410 No
5 Manatee County Manatee 190,240 No
6 City of St Petersburg Pinellas 282,392 No
7 Spring Hill Utilities Hemando 52,187 Yes

8 City of Tampa Hillsborough 468,458 No
9 City of Venice Sarasota 18,079 No
10 City of Winter Haven  Polk. 30,011 No -

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

Table ES-2_ Other Customer Classes

No. Description SIC code
1  Apartments
2 Car washers 7542
3  Hospitals 806
4  Hotels/Motels 701
5  Laundromats 721
6  Nursing Homes 805
7  Office Buildings 81
8  Restaurants 5812
9 Sc-hools (Elememafy) 821
10 Universities and Colleges 822
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ES-3

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

WATER = f(8,X)

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

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

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

Data Collection

The data used in this study came from a variety of sources. The data common to all
customer classes includes water and sewer prices, water use, weather and soils, irrigation
restrictions, and groundwater depth. Data specific to single family residential customers (number
of persons in home, lot size, property value, presence of a pool, type of irrigation system,
household income, presence of an irrigation well, and presence of different water fixmres) came
from 1990 U. S. Census information, county tax records and/or the results of a telephone survey.
Data specific 1o the other customer classes came from a mail survey.

Mmuwmsumw.m
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Results for Single-Family Homes |

We used regression analysis, based on pooled cross-sectional time-series data, w0
determine the functional relationship between waler use and a set of explanatory variables
including price as discussed in Chapter 5. The analysis incorporates water use, water and sewer
price, weather, irrigation restrictions, well depth, data from county tax assessors records, and
telephone survey data for 1,200 homes. Various combinations of explanatory variables together
with both linear and percentage adjustment model forms were considered. Completion of the .
identification, estimation, and verification stages of the modeling process led to estimates of three .
demand functions. Demand curves for low, rmedium, and high tax assessor property values are
shown in Figure ES-1. The curves are pegatively sloped, nonlinear, and show water use -
increases with higher property values, especially -at lower prices.

Figure ES-2 plots price elasticity, which ranges between -0.01 and -0.57, by price level
and property value. A number of observations can be made. First, at prices over $1.50, higher
property value customers are more price elastic. At a price of $3.00, for example, price elasticity
for low, medium and high property value homes is -0.25, -0.43, and -0.57 respectively. Perhaps - -
this results because high value homes, which use significantly more water, have more
discretionary water use (irrigation) from which they can cut back. Another explanation is that
wealthy customers have greater ability to purchase water efficient devices (e.g., low volume
toilets) and access source substitutes (e.g., irrigation wells). Hence, they have more options to
reduce their water use in response 1o a rate hike. At prices below $1.50, price elasticities are
similar among the different wealth groups.

Another observation concerns the shape of the elasticity curves. For low value homes, -
price elasticity increases with price until $1.50. At this point, these customers are most active
in reducing discretionary uses and making the simple adjustments needed to use waler morc
efficiently. With further price increases, however, water savings become progressively harder
1o achieve and price elasticity heads steadily towards zero. Customers find their utility derived
from remaining water use is high (e.g. water for cooking and bathroom uses), and hence are less
willing to make further water cuts in response 10 price increases. For medium and high value
homes, the same patiern exists but the inflection points where customers are most sensitive 10
price occur around $2.50 and $3.00 respectively. Therefore, it takes higher prices before
wealthier custommers react most aggressively in reducing water consumption. When they do,
however, they do decrease it at a much faster rate than lower property value customers. By the
time price increases to $6, there is linle difference in water use based on property value.
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FIGURE ES-1. SINGLE-FAMILY DEMAND CURVES

Medlum Properly Value

)\ S
NN
\ \ /
N

] T 1y —

\\\

\\\'
=

&
z
o
=
<
(U]
o
8
<
<
us
O
o
o.
od
£
vy
o
=
<
o]
<
z

Low Propelly Value

0% 20% 40% 60% 80% ) 100% 120% 140%
PERCENTAGE CHANGE IN WATER USE

ligikx3

§-S4

=

(=TT

207 ¢ 39vd




KRS

...J‘l

WATER AND SEWER PRICE ($/1,000 GALLONS)

FIGURE ES-2. SINGLE-FAMILY PRICE E‘I.ASTICITY CURVES

9-53

AN

High Property Vhlue

\\

™~

-

Medium Properly Value

i

\

\

\‘\
.

'( I
T~

RN

1

\

\
\

D

Low Property Valtle

\
‘/

0.00

-0.10

-0.20

-0.30

PRICE ELASTICITY

040

-0.50

-0.60

39Vd

50 T

S

Li18I4X3




exHiBT ____ (JIAL-D)

PAGE__1D OF _| D3

ES-7
~-.} Results for Commercial Customers

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

surveys.

Chapter 6 describes our investigation of price elasticity for the 10 commercial customer
classes (apartments, car washes, hospitals, hotels/motels, laundromats, nursing homes, office
buildings, restaurants, elementary schools, and universities and colleges). The apartment class x
is by far the largest nonsingle-family user class both in terms of number of customers and water -
use. Based on 1990 U.S. Census records, approximately 44 percent of dwelling units in the
SWEWMD service area are in multiple unit complexes. In this study, we denote apartments as

—  commercial (apartment owner’s perspective) although, of course, they are residential,

A major finding of the nonsingle-family analysis is that apartments, which are the second
biggest users of water within the SWFWMD service area, are very price inelastic. Water use per
dwelling unit is relatively consistent among utilities irrespective of price. We do find, on the

-~ other hand, that car washes, hotels/motels, laundromats, office buildings, restaurants, and -
3) elementary schools respond, to a limited degree, to price. Price elasticities range from -0.14 t0
-0.71 as shown in Table ES-3. Analyses on hospitals and nursing homes did detect a negative
price elasticity. The sample size for universities proved too small to make any inferences about
price elasticity.

OMNOINEREPORTIANG SONEXELS
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Table ES-3 Summafy Results for Commercial Customers
Total monthly Mean water Mean marginal
observatlons L price  Price clasticity
Class (N)  Accounts  Unit factor  gal/dayfunit $/1,000 gals al means Model R2
Apartments 4,807 174  Apartments 107 3.01 0 0.64
Car wash 514 17 None 4,672 2.74 -0.70 0.17
Hosphals 671 ‘2 Beds 96 3.05 0 0.04
Hotels/motels 3,525 113 . Rooms 145 2.51 -0.48 043
Laundromats 1,511 58 Washers 172 297 -0.14 0.06
Nursing homes 1,983 54 -Rooms 96 2.67 0 0.54
Office bulldings 3,763 116 1,000 n* 92 3.00 0.33 0.29
Restaurants 3,274 122 Seats 29 3.10 -0.28 0.19
Schools (elementary) 2,497 67 Students 6.0 333 -0.25 032
Unlversides 287 9 Students 13.6 205 Indeterminate 0.001
Total 22,832 752
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CHAPTER 1

INTRODUCTION

This is an empirical study designed to determine the relationship between water price and
water use for certain categories of customers within the Southwest Florida Water Management
District (SWEWMD) service area. Increasing water demands together with limited and more
expensive water supplies have increased the interest of water purveyors in the use of price to
moderate demand. The results of this study are integrated into a computer rate mode] that can
assist utilities within the SWFWMD service area to assess the impacts on water use and revenues
resulting from adoption of alternative rate structures.

The results of previous research provide some guidance on expected price elasticities.'
Estimates, however, differ widely. The differences in price elasticities among the various
empirical studies are commonly atributed to differences in such factors as modeling approach,
types of customers, climate, and price level. Unfortunately, the lack of consensus on the level
of price elasticities leaves policy makers with 2 range that is so large that they offer water
purveyors linle useful information on expected water use changes with respect to price. For a
utility that is changing its rate structure, the difference between assuming an elasticity of -0.2 as
compared to an elasticity of -0.6 can have a dramatic impact on revenues. This uncertainty tends
to discourage the use of price as a Tnanagement tool. The purpose of this study is to more
precisely identify price elasticities as a function of price level and other nonprice variables for
customers in the SWFWMD service area so to reduce this uncertainty.

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

utilities within the SWEWMD service area. The sample of homes is described in detail in

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

1A survey of water price elastciry studies conducted prior to 1984 can be found in Boland,
J. 1., B. Dziegielewski, D. D. Baumann, and E. M. Opitz, Influence of Price and Rate Structures
on Municipal and Industrial Water Use, U. S. Army Crops of Engineers Contract Report 84-C-2,
June 1984.
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of water use with respect to all factors. Much of the effort in this srudy goes towards accounting 1
for nonprice factors. This controlling for exogenous factors increases the precision and reliability S
of our knowledge of the response of water use (0 price.
Another major challenge in conducting this study is developing a price specification. In i
many cases, it is not clear what exact "price signal” is being received by customers. The price
10 which customers respond becomes ambiguous when customers are charged different prices for 1
water and sewer service depending on how much water they use in a specific billing period. A

Chapter 2 addresses this issue and presents alternative price specifications which are then used
in the water use models.

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

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

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

)

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

*Based on detailed records from Tampa and Winter Haven.
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PRICE THEORY

The first law of demand in economic theory is that as the price of a commodity increases
the quantity demanded decreases. Empirical research has consistently shown this relationship to
be true for water. Although the direction of the relationship is well understood, the precise
relationship between water price and demand is not. In some cases, changes in water price have
lile impact on water use; while in other cases, water use is very sernsitive to price.

This chapter reviews issues that are central 1o estimating the relationship between water
price and water use. The first section sets out our objective of mapping out the demand curve
and defines price elasticity. Subsequently, we discuss the second law of demand—price elasticity
is greater in the long run than short run. Third, some of the utilities included in our investigation
employ a block rate pricing structure and thus we must hypothesize as to what price signal
customers are responding. We hypothesize that the custorners’ perception of block rates may be
roore accurately captured in our models by using "ramped” rates instead of block rates. Lasy,
we address two estimation problems that arise when analyzing the price impact of block rates
relating to income effects and simultaneity bias. ’

Demand Curves

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

AR U

Economists commonly use the term "price elasticity” when referring to the relationship
between water use and water price. Price elasticity measures the percentage change in quantity
dermanded resulting from a one percent change in price, all other factors held constant.' That
is, price elasticity, denoted as 7, is defined as:

. Percentage Change in Water Use
1 Percent Change in Price

For example, if a water price increase of 1 percent lead to a 0.2 percent reduction in water use,
price elasticity would be -0.2.

'"Using calculus, price elasticity at a given point on the demand curve equals 9Q/3P * P/Q.
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Although price elasticity estimates are negative, 2s a result of negatively sloped demand 1

curves, price elasticity can vary as a result of various factors. The type of customer class is one

such factor. As discussed in Chapter 3, we analyze the impact of price on the water use of -

single-family homes and 10 other user classes, each of which may have differently shaped -

demand curves. Price level is another factor. Price elasticity at high water price levels (e.g., ;

$6/1,000 gallons) can be dramatically different than at low price levels (e.g., $1/1,000 gallons).

To accommodate for this possibility, we allow the water demand curves to take on a flexible -

functional form. Demand curves are not necessarily, for example, restricted to being linear. In »

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

-
We are restricted to estimating that portion of the demand curve between the prices
charged by utilities in our study, ranging from $0.40 to $7.05/1,000 gallons. Fortunately, this 1
is a relatively wide range, and should cover most of the prices faced by customers within the 4
SWFWMD service area. Theoretically, the demand curve intersects both axes. At some
exceedingly high water price (e.g., $100/1,000 gallons), customers would choose not to purchase -
any water from a water utility. Customers would obtain water from wells, private suppliers (e.g. 4
bottled), or other external sources. At the other exureme, a zero price would lead to a surge in
_ water use.? Linle anentiomis given to these extreme cases, however, because of their minimal A
practical value. Water managers are most often concerned with the slope of the demand curve -
in the vicinity of current prices. A
When a customer’s sewer bill is linked directly to water consumption (i.e., not a flat rate), -
both water and sewer charges contribute to the overall price signal sent to customers.’ This is )
the case for all customers receiving sewer service in this study. For single-family customers, r
however, it is common to have a limit on how much water is assessed the quantity or cormmodiry
portion of the sewer bill. Typically, the sewer cap is set at about 10,000 gallons/month/horme: -~
Utilities expect that water use above the cap is for outdoor purposes and, therefore, is not J

returned to the sewer systern and should not be considered in computing the sewer bill.

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

*Throughout this report, reference to water price perizins to the combination of water and
applicable sewer prices.

RN LANEAREPORTIE INE Z5-TNCHAN L WPS
Qus-rses



EXHIBIT |

(B —.5)

PAGE_ 24 ©F |53

2-3
% Short-Run and Long-Run Elasticity

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

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

Block Rates
With block rates, a custorner pays a different unit price with increasing increments of

water use during a billing period. In the SWFWMD service area, the presence of increasing
block rates are common. Water gets progressively more expensive with increasing use.

In contrast, sewer prices are uniform. A given customer pays the same price for each unit - -

of water.® For single-family customers, however, the presence of sewer caps effectively create
declining block rates. Once water use exceeds a given threshold amount, the marginal sewer
price becomes zero. The combination of water and sewer charges can lead to a multitude of
price signals.

“Carver, P. H., and 1. J. Boland, Short- and Long-Run Effects of Price on Municipal Water
Demand, Water Resources Research, 16(4), 609-616, 1980.

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

\ ; . . o« s X .

Block or Ramped Rates

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

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

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

_Conversely, customers barely entering the second block may be influenced by price in the
nonmarginal first block. Water customers often make decisions without perfect information and
roay only have a vague notion if they are going to enter a second block in a given billing period,
especially at the beginning of a billing period. Hence even if they end up entering the second .
block, resulting uncertainty may have led them to perceive a lower marginal water price.

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

. H H \ . : i y ] 1 i \ J \ \

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

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

Bill Difference

In the context of electricity demand, Taylor and Nordin’ developed an income correction,
xnown as a bill difference variable, for customers facing block rate pricing structures.
Essentially, the bill difference variable is an income variable measuring additions or subtractions

to consumer income arising from differences in block rates and fixed charges. Most recent _

empirical demand analyses associated with water and electric utilities using 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 structures. The first customer faces a uniform rate where all water is charged at
price P, and where the resulting water quantity demanded is Q, as shown on Figure 2-3. The
second customer, facing an increasing two-block rate structure, pays the lower price P, for water
up to Q, and price P, for water above that amount Both customers pay the same marginal price.
The second customer's water bill, however, is lower by (P, - P,)*Q, because of the lower priced
first block. This creates a relative increase in disposable income which can be used to buy more
goods. If water and income are positively related, the second custorner will buy more waler
moving out to Q,. Thus, given identical customers facing the same marginal price, differences
in rate structures can cause different demands for water. In a similar manner, decreasing block
rate structures lead to relative decreases in disposable income. Differences in the fixed bill
(monthly service charge) among utilities can also lead to income effects.

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

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

Simultaneous Equation Bias

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

Researchers have employed instrurmental variables of marginal price to correct for this
type of endogenous relationship.'® The instrumental variable, which is highly correlated with
marginal price but not correlated with the error term of the demand equation, is typically
constructed using simultaneous equations. The first equation [2-1) consists of the structural
demand equation where water use is a function of a vector of coefficients (B1), marginal price
(MP) and a vector of other explanatory variables (X). In the second equation [2 2], MP is a
function of a vector of coefficients (B2), block prices and water use.

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

Typically, a two-stage least squares approach is used to estimate this system of equations. The
second equation is estimated first to obtdin an instrurental variable of marginal price. The

instrumental variable is then substituted for marginal price in [2-1] and that equation estimated.

This procedure removes the simultaneity bias.

*The violation is that the price explanatory variable and the residual term are no longer
uncorrelated.

Agthe, D. E., R. B. Billings, J. L. Dobra, and K. Raffieee, A Simultaneous Equation
Demand Model for Block Rates, Water Resources Research, 22(1), 1-4, 1986; Chicoine, D. L.,
S. C. Deller, and G. Ramamurthy, Water Demand Estimation Under Block Rate Pricing: A
Simultaneous Equation Approach, Water Resources Re:earch 22(6), 859-863, 1986; Jones, C.
V., and J. R Morris, Instrumental Price Estimates and Residential Water Demand, Water
Resources Research, 20(2), 197-202, 1984.
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The bill difference variable also has an endogenous relationship with water use. This
problem can be bandled in an analogous manner by creating a third equation to obtain an
instrurnental variable for the bill difference (BD) varizble. We used this two-stage approach in
estimating the single-family models described in Chapter 5.

e

BD = f(B3, BLOCK PRICES, WATER USE) [2-3]

I

4
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CHAPTER 3

RESEARCH DESIGN

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

Utility Selection

Southwest Florida Water Management District SWFWMD) staff and Brown and Caldwell
jointly selected 10 utilities to participate in the study. A number of criteria are uSed in the
selection process. Because the objective of this study is to estimate price elasticity, the most
irportant criterion is to obtain utilities with different water prices. A diverse and wide ranging
set of water prices increases our ability to discern the influence of water price. Also sought are
utilities from different regions of the SWFWMD service area, those interested and capable of
providing water use data, some with shallow groundwater levels, some overlying deep sand soils,
and at least one private utility. Based 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 SWFWMD service
area. :

Customer Disaggregation

Because water price affects different customers in different ways, we. study specific

classes of water users. Single-family homes are by far the largest class of customers within the
SWFWMD service area comprising over three quarters of the total number of customers and
about one-half of the total water use. As a consequence, we spenl @ major portion of our effort
estimating the price response for this customer class. This effort is described in Chapter 5.

We also analyze water use for ten other customer classes. We select classes that we
believe 10 be relatively common within the SWFWMD service area and, therefore, represent
significant amount of the nonsingle-family water use within each utility and within the DistricL
Consideration is also given to selecting classes that would serve as good indicators for other
similar types of customers based on our judgment. The classes selected are listed in Table 3-2.

'Based on detailed records from Tampa and Winter Haven.
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3-2
Table 3-1 Participating Utilities

No. Utility County 1990 Population Private Utility

1 City of Bradenton Manatee 44,303 No

2 Hillsborough County Hillsborough 130,149 ~ No

3 City of Lakeland Polk 118,507 No

4 City of Lake Placid  Highlands 4,410 No

5 Manatee County Manatee 190,240 No

6 City of St Petersburg  Pinellas 282,392 No :

7 Spring Hill Udliles ~ Hemando 52,187 Yes

8 City of Tampa Hillsborough 468,458 No

9 Cirty of Venice Sarasota 18.079 No

10 City of Winter Haven  Polk 30,011 . No
TS5 T2 ARy v
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Table 3-2 Other Customer Classes

No. SIC Code Description

1 - - Apartments
2 7542 " Car Washes -
3 806 Hospitals -
4 701 Hotels/Motels -
5 721 Laundromats
6 - 805 Nursing Homes :
7 81 : Office Buildings - )
8 5812 Restaurants A
9 821 Schools (Elementary) .
10 822 Universities and Colleges

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

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

WATER = (8, X) + RESIDUAL [3-1]

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

The modeling process consists of three major steps: identification, estimation, and
verification. The identification stage concerns selection of the explanatory variables and the
functional form of the model. This stage requires a mix of reasoning and experimenting. Based

~  on reasoning, we first identify likely explanatory variables. For example, we obviously expect

outdoor irrigation 1o increase with hot, dry weather and decrease with cool, wet weather. Hence,

our models include weather variables. In addition, it is obvious that outdoor irrigation increases

with irrigable area and indoor use with number of occupants. In some cases, however, it is not

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

~.  as discussed in Chapter 2, we have different hypotheses regarding the length of the ramp needed

3) in constructing the ramped marginal price when block rates exisL We experiment to see which
R price specification works best.

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

Estimation of the coefficients in the models is done using nonlinear least squares. If
certzin assurmptions hold, then estimated coefficients take on the desirable properties of being
consistent, asymplotically efficient, and asymptotically normally distributed.! As part of the
verification process, we test to see if the residuals are independently, identically, and normally
distributed. Transformations to correct for assumption violations are made as necessary. We also
correct for simultaneity bias as described in Chapter 2.

, 'Judge, G.G., W.E. Giffiths, R.C. Hill, H. Lutkepohl, and T. Lee, 1985. The Theory and
Practice of Econometrics, 2nd Edition. John Wiley and Sons, New York, New York.
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CHAPTER 4

DATA COLLECTION

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

Water Use

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

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

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

Weather and Soils

We calculate monthly turfgrass evapotranspiration (ET), effective rainfall (ER), and net
irrigation requirement (NIR) over the study period for each utlity. Weather stations selected to
represent each utility are shown in Table 4-2. Each utility has a National Oceanic and
Atmospheric Administration (NOAA) rain and temperature gauge located near or within their
service area. We use two stations for Tampa depending upon which station is closer 10 a
particular customer. To calculate ET, we also need solar radiation and wind speed which is not

'As all 18 customers received sewer service from a utlity, it is unclear whether water or
combined water and sewer price should be assigned 1o these customers. We set price equal'to
the average of the two.
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Table 4-1 Water Use Histories
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Utility

Period

Bradenton
‘Hillsborough
Lakeland
Lake Placid
Manatee

St Petersburg
Spring Hill
Tampa
Venice

Winter Haven

Feb-89 to Jun-92
Jul-88 to Jun-92
Sep-89 to Jun-92
Jul-88 to Jun-92
Aug-89 to Jun-92
Jul-88 to Jun-92
Dec-88 to Jun-92
Jul-88 to Jun-92
Jan-91 t0 Jun-92
Oct-90 to Jun-92

Table 4-2 Weather Stations

Utility

Temperature and Rainfall

Solar Radiation and Wind
Speed

Bradenton
Hilisborough
Lakeland
Lake Placid
Manatee

St Petersburg
Spring Hill

Tampa

Venice

Winter Haven

Bradenton 5 ESE
Temple Terrace
Lakeland
Archbold Biologic
Bradenton 5 ESE
St Petersburg
Weeki Wachee

Tampa ARPT & Temple
Terrace

Venice

Winter Haven

Bradenton 5 ESE
Bradenton

Lake Alfred
Avon Park
Bradenton 5 ESE

" Bradenton 5 ESE

SWFWMD

Bradenton

Bradenton 5 ESE
Lake Alfred
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measured at roost stations. For each utility, we assign a nearby NOAA or SWFWMD weather
station that does measure solar radiation and wind speed. I a station has a missing observation,
we use the next closest station to obtain a substitute value.

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

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

Irrigation Restrictions

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

) Table 4-3 lists the irrigation restrictions in effect over the study period for each of the
utlities. Restrictions were most severe in the spring of 1991.

*Weather averages are computed over a 4-year study period and may differ from long-term
normals. ’

’Because of management and mechanical inefficiencies with sprinkler irrigation systems,
actual water use is probably significantly higher than NIR indicates.
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FIGURE 4-1. WEATHER AVERAGES
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TABLE £-3. SWFWMD IRRIGATION RESTRICTIONS 45

Definitiors: st Digit =Doys per week that landscape inigation premitted

N
- 2nd Digit  =0if no intra-day restrictions
’ =1 it irigation prohibited between 9 a.m. and 5 p.m,
=2if imgotion prohidited between 10 a.m. and 4 p.m.
=3 if inigation restricied to 5 a.m. to 9 p.m. ond abo 5 p.m. 1o ¢ p.m. for non-in~ground sprnking sys!
=4 itimgation restricted to 7 p.m. to 9 p.m.
Hilts- Lake : Winter
DATE Brodenton borouph Lakelond Plocid Monctee  Si.Pete Sorng Hil  Tompo - Venice  Hoven
Jul-88 70 70 0 0 70 n n 0 70 n
Aug-88 0 70 n 70 n n 70 n o) n
Sep-88 70 T bl 70 0 n el 70 70 0
Oct-88 70 70 70 70 n n n 70 0 yo)
Nov-88 70 0 70 70 n n 70 70 70 b/e]
Dec-88 70 70 70 n n n 70 o) 70 70
Jan-89 70 70 70 70 70 n 70 70 70 70
Feb-89 n n n n n n 70 n 24 n
Maz-89 n n n 7 n n ol Al 24 _ n
Apz-89 3 n n n k) n 70 n 24 n
May-89 - 3 Al n n 3 n n k1l 24 n
“Jun-89 3 n n n 3 n n 3 3 n
Jul-8$ 3l n n n 31 N n al 3t n
Aug-89 3 7 n n 3 n n 31 31 - n
Sep-€9 3 N 3 k]| K} k)| n 3l k1) A
Ocz-89 3l kil 31 31 3 3 n kil 3l 3t
31 31 31— 31 ki 3 al 31 31 kil
31 31 A 31 31 31 AN AN k)] 31
31 31 ki kil 31 3 AN 31 31 k]|
kil 31 31 31 kil 3 N k)| 31 3
31 n 3 31 3 31 3 k1] 31 k)|
21 ril 3 3 ) 21 21 N 2t 21 3
21 2) 3 31 21 21 3 21 21 3
2 21 31 a - 2 2 K| 21 21 3
2! 21 ki 3 21 2 31 21 21 3
21 2 N 3 2 21 N 21 21 3
21 2) k)] 31 2} 2 3 21 21 3
21 2 3 31 21 o AN 21 21 3
2 2) 31 K] 2) 2) 3 21 21 3
21 2] 31 31 21 2 3 21 2) 31
21 21 A 31 21 m 3 21 21 3
2 2] 3 31 21 m 3 21 21 3
2 3 23 2 23 3 23 3 2 2
23 3 23 2 23 3 2 13 px] 2
] 13 3 23 23 13 23 13 23 23
23 13 23 23 23 13 23 13 23 23
2 2 21 2 21 21 21 21 21 21
72 21 72 72 n n 72 3 n n
72 n 72 72 72 n n 3 n 72
2 n 2 72 72 2 72 ki n 72
72 n 7 72 72 n n 3 n 7
n n 72 72 72 n 2 N n 72 -
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TABLE 4-3. SWPWMD IRRIGATION RESTRICTIONS (Continued)

Definitions: st Digit =Doys pet week that londscape inigation premitted
2nd Digit  =0if no nfro~day restrictions

«1 it imgaotion prohibiled between 9am.ondSp.m.

=2if imigation prohibited between 10 c.m.ond 4 p.m. .

=3 it imigotion restricted to 5a.m. 109 p.m. and also § p.m. fo 9 p.m. for non-neground sprinkling sys!

=4 it imigction restricted to 7 pm.to?p.m.

Hills- Lake Wintet

DAL Brodenton borough Lokeland Plocid Monctee St Pete Soring Hill Jompo ___ Venice Hoven
Jan-92 72 n 72 ] n” 72 72 3 n n”
Teb-92 72 7 727 72 72 72 72 3 n 2
Maz-92 2 21 2 2’ 2 2 72 21 2 )
Apr-92 2 2 2 2 2 7 2 21 2) 2]
May-92 22 2 2 2 2 2 7 21 21 2
Jun-92 2 2 2 2 3 2 72 21 2 yrs

* West Hitsborough had 0 doy pe: week imigation in Oct 90, Jon 91 ond Feb 91 due to o tronsmission line breck
(no single family homes offected)
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For customers within certain regions of the SWFWMD, installation of an irrigation well
can be an attractive alternative.to buying utility water for irrigation. Groundwater serves as a
source substitute. In regions that have shallow water tables, installation of wells is most
attractive, as drilling and pumping costs are minimized. In Lakeland and St Petersburg, for
example, numerous wells exist that are less than 50 feet in depth. While this water can be
inexpensive, it is often high in organics and nonpotable. It is common, therefore, for custoraers
to drill shallow wells only for irrigation purposes and to purchase potable water from a utility.
In contrast, water customers in areas without easy access to groundwater are much more reliant
on utility water. Table 44 shows well depths reported to the SWFWMD from 1987 to 1991 for
wells up to 4 inches in diameter. We use the average well depth as an explanatory variable in
our models (see Appendix E).

SINGLE-FAMILY HOMES

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

1990 U.S. Census

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

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

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

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

County Tax Records

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

O L9 N2 REPOR T INE SS0PCHAP 4 WS
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Table 4-4. Groundwaler Well Depihs and Soil Type !

Hills- Winler
Ulity Bradenion  borough _ Lokeland Loke Placld _Manatee SI. Polo__ Spring Hil Tempa Venice Hoven
Township 35 29 28 36 35 31 23 29 39 28
Rongo 17 20 23&24 29 17 16 17 18 19 26
Woell Depth (fool)
025 0 0 0 0 0 163 0 0 2 0
26-50 \ 1 0 206 1 117 124 2 4 44
51.75 ) 0 -2 a4 | 0 256 5 23 12
76-100 43 9 1 6 43 4 326 3 14 0
101-125 50 8 1 4 50 6 322 Q 13 5
126-150 13 15 4 4 13 15 131 N 29 5
151-175 9 21 1 5 Q 14 39 4 .9 8
176-200 7 22 3 1 7 39 KX 10 ) 8
200+ N 17 42 19 1 17 36 49 11 11 40
Tolal Wels 141 118 31 21 141 394 1280 55 m 122
Ave Deplh 127 176 190 49 127 69 100 149 121 127

) '

Sol Type 0 1 1 1 0 0 1 0 0 1

Imigation well depths reporied o SWFWMD over 1987-91 for wells equal to or less than 4" In dlameéter.

Soll type definitions using Floflda General Solls Atlas for selected single-family blocks:-
1 = areas dominalad by sandy droughty sofls not subject 1o flooding
0 = olherwlise

*Soll Type = 1 for St Pelersburg single family block 22503

8¥

40 TV 59vd

7

LIgiHYg

CENII)



EXRIBIT

(D £0)=3)

PAGE__ L7 oF __ |53

49

Telephone Survey

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

street address.

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

Table 4-5 Summary of Single-Family Telephone Survey

Percent

Question Yes No
Receive sewer service from utility? 75 25
Use hose-based irrigation systems? . 63 37
Have irrigation well? ‘34 66
Own home? . 95 5

Lived in home for over 4 years? 85 15
Have pool? . 20 80
Have clothes washing machine? 98 2

Have dish washer? ’ 63 37
Have garbage disposal? ’ 47 53

Furthermore, a total of 13 customers responded that they receive reclaimed wastewater
for irrigation purposes. We excluded these custorners from the analysis leaving 1,200 customers
in our data base. For customers having in-ground irrigation systems, irrigation tirers, irrigation
wells, and pools, we asked if they had been installed within the last 4 years. If the answer was
yes, we asked for the date so that we could adjust for this fact in our time series observations.

N NEAREPORTING SR I-TNOHAP 4. WPS
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To gauge a customer’s wealth, the survey asked the occupant 1 select one of ten ranges
of property values and one of nine ranges of housebold income. We encountered customer
reluctance to disclose such information, especially income. Only 87 percent answered the
property value question and only 65 percent answered the incorne question.

Fortunately, we also have property values obtained from county tax assessor records. We
use this source in our models for two reasons. First, the tax records provide property values for
all homes. Second, we regard tax assessor data to be more coosistently measured among
customers than what we elicit from the telephone survey. :

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

PVTELE, = 23,763 + 0.93385*PVTAX R?=0.47 N=1054 [41]
INCOME, =21,966 + 0.3486*PVTAX, R?=0.18 N=786 [4-2]
PVCENSUS, = 1.1447*PVTAX; R’=0.20 N=1,200 - [4-3]

where,

PVTELE, = property value of home i from telephone survey (mean=$81,082)

PVTAX| = property value of home i from county tax records (mean=860,696)

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

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

As expected, all three wealth measures have a positive correlation with property valucs
obtained from the Couaty tax assessor (i.e., all coefficient are greater than zero at the 1 percent
significance level). The Couﬁty tax assessor values, however, are below those found by the
survey and Census. The mean property value from tax records is $60,696 and the mean property
values from the survey and U.S. Census are $81,082 and $79,413 respectively. Because of these
differences, utilities cannot simply substitute survey or Census property values for tax assessor
property values when calculating price elasticity. As the resuits of Chapter 5 show, price
elasticity changes with property value. ‘

“Because the telephone questions about wealth are categorical, we assume property and
incorne values are half way between the defined ranges. For example, if a custorer answers that
property value is between $60,000 and $80,000, then property value is set to $70,000 in the
regression analysis.

OMNOIRBARBPORTIETINELNCHAP 4 WPS
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In most applications of our results, however, Census information may be the only readily
available source. Utilities can use this data, but only after it is transformed to become
commensurate with County tax assessor property values. In this case, this can be accomplished
by using equation [4-3].

COMMERCIAL CLASSES

For commercial customers, information on iridividual custormers comes from the results
of a mail survey. In general, the surveys elicit information regarding number of units (e.g.,
apartment units, restaurant seats, hospital beds), business hours, seasonality, and outdoor
irrigation. Details varied 1o some degree armong classes and, therefore, a unique survey is
designed for each class. The surveys and summaries of responses 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 best way to gather this information. Some
survey questions, namely questions eliciting seasonal business patierns, are believed to be 100
detailed for a telephone survey. To improve accuracy, we wanted the respondent to have time
to read and reread questions and to be able 1o check writien records or other sources of
information. For schools and universities, we obtained student enrollment from the Florida
Department of Education. -

Regarding sample size, our goal is to obtain survey and water use data for at least
100 custorers in each of the 10 commercial classes. To attain 2 wide water price variation, we
want the sample to be balanced over the utilities as best as possible.

Consulting commercial telephone directories, we sought to randomly select 30 customers

from each class and from each utility to send mail surveys. For most classes, however,

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

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

For 16.7 percent of the commercial customers to which we sent surveys, we received a
completed mail survey but could not obtain matching water use. This loss occurred because a
utility could not match the name and address we gave them to the corresponding billing account
(especially Spring Hill and Winter Haven). Brown and Caldwell also inadvertently sent mail
surveys 1o some custommers located just outside of the targeted utilities’ service boundaries.

OISR DPORTINE SNAS-ONHAL 4. WP
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For the customers sent mail surveys, we sent name and address ﬁsﬁngs to each
corresponding utility requesting water billing histories. We obtained water use and survey data
for 752 customers. Table 4-6 shows a summary of the number of customers by class and utility.

]
]
]
]
)
]
]
]
]
]
)
]
]
]
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fable 4-6. Commeictal Customen with Waler and Survey Data

Nurdng Targol Resporse
Uliity Aparimonts Cor Wash __ Hospital Holel loundiy  Home Office Rosiaurant _ School Universly Giond lolal Group Size Role
Mradonlon 16 2 2 4 4 6 12 9 7 0 62 290 21%
Hilisborough 14 0 ) | 4 2 16 12 18 0 70 29 29%
Loko Ploctd | | 0 1, 0 0 0 5 2 0 10 2l 48%
Lukelond 8 2 0 15 9 9 10 15 ! 2 n 272 6%
Manaloe 13 0 0 15 5 2 2 28 6 2 2 215 9%
Spring Hil 0 0 0 1 0 0 0 3 | 0 5 L] 8%
SI. Polo 57 5 1 19 K] 23 5 30 e 2 174 556 %
Tampa 51 4 3 52 2 10 51 12 (RN J 232 795 2%
Vonico 4 3 1 4 0 1 1 8 0 C 2 120 18%
Winlor Haven 10 0 2 ! 0 1 0 0 0 0 14 170 8%
Geend lolal 174 17 22 n 50 54 16 122 87 Q 752 2,741 2%
lorge! Gioup Size 873 68 86 452 217 14) 379 525 (14] 27 2,741
Resporso flalo 2% 25% 2% 25% 271% 36% 3% 23% 9% 33%) 2%
&
! ]
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.":_ CHAPTER 5

RESULTS FOR SINGLE-FAMILY CUSTOMERS

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

be incorporated into the conservation promoting water rate structure computer program.
Model Functional Form

We incorporate three features into the functional form of the water use mddel—. First, the
model must be flexible in mapping the demand function. Price elasticity may vary significanty
with price level and, as atesult, the demand curve must be pliant!

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

The third feature of this model is that it measures the percentage change in water use. .
occurring from changes in certain explanatory variabies, that is, the model is a percentage
adjustment model? This type of model differs from linear models, in the way the change in
water use to the change in an explanatory variable is specified. The change is in relative, not
absolute, terms. For example, a $1 increase in water price would lead to a x" gallon/day change
in water use as measured via a linear model but would lead 1o a "y" percentage change in water

use as measured via a percentage adjustment model. Because our analysis COvers customers with

Previous research has restricted the demand curve 10 be linear in shape or calculated through
a logarithmic transformation. ’

2Ar} example of a percentage adjustment model is shown in Whitcomb, J. B., Water
Reductions From Residential Audits, Water Resources Bullerin, 27(5), 1991.
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5-2 ]

a wide range of water use, we believe that the proportional view better captures the irapact of
price and the other factors on water use ]
Recommended Model ]
Completion of the idendfication, estimation, and verification stages of the modeling ]
process results in us recommending the following model: .
WATER = ((105 +23*PER; + 0.69*NIR,*LOT)) [5-1a) ]
*(1 - 0.073*IR],, - 0.023*IR2,, + 0.002*IR3,) {5-1b]
*(1 + 0.18*(DWELL,-DWELLAVEYDWELLAVE) [5-1c]
+ 47*POOL,) {5-1d) ]
*(1 + PVLowgo.oooo327*a.os-hmu)’-" {5-1e)
+ PVYMED,*0.00085*(7.05-MP2,)*" _ {5-11]
+ PVHIGH,*0.00298*(7.05-MP2,)*) (5-1g) ]
where, -
WATER;; = gallons/home/day for home iin montht
PER; = number of occupants in home i from telephone survey ]
NIR;, = pet irrigation requireroent in inches in utility serving home i in month t
LOT, = Tot size of home i in 1,000 fi* from tax records (min=>5, max=18) _
IR1;, = 1 if irrigation limited to 1 day per week; 0 otherwise ]
IR2,, =1 if irrigation limited 10 2 days per week; 0 otherwise
1IR3, = 1 if irrigation limited to 3 days per week; 0 otherwise
DWELL, = average well depth in feet in utility serving home i ]
DWELLAVE = average of DWELL, over all homes in.all utilides (121 feet)
PVLOW, = 1 if assessed property value < $48,000; 0 otherwise ]
PVMED; = 1 if $48,000 <= assessed property value < $71,000; 0 otherwise H
PVHIGH, =1 if assessed property value >= $7 1,000; 0 otherwise ..
MP2, = marginal water and sewer price in $/1,000 gals. (1992 dollars) with +/- 2,000
gallon ramp
POOL,, = 1 if home i in month t has pool; 0 otherwise

The amount of the variation in water use explained by the model (R?) equals 0.59. The ]
total pumnber of observations is 42,257. All coefficients take on their expected mathematical sign
and are significanty different from zero (10 percent significance level, T-ratio greater than 1.28, ]
one-tailed test), except the coefficient for the 3 day per week irrigation restriction. The following
sections describe the model and our observations concerning explanatory variables. Table 5-1
summarizes statistical details of he variables and model estimation. ]

3Using the same explanatory variables, the amount of variance explained (R?) by the RN
percentage adjustment model was 2 percentage points higher than with the linear model. o
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Table 5-1. Single Family Home Model

VARIASLE DEFINITIONS:
WATERi, t=gallons/home/day for home i in monzh t

¢zom telephone survey

PERS «pumber of occupants in home i

NIRi,t =net irrigation requirement- in inches for home i in month ¢
ETy,= =evapoiranspizration in inches for home i in month ¢t

ER§,t  =effective rdinZall in inches Zor home i in month t

LOTL =10t size in 1,000 ft2 Zrom tax records (min=5, max=18)
IR1L,t =) if irrigatien limized to 1 day per week; 0 otherwise
IR24,t =1 if irrigation limired to 2 days per week; 0 otherwise
IR3i,t =) if irrigatioen Jimited to 3 days per week; 0 otherwise
DWZLLi =average vell depth in feet in utility serving home §

DWELLAVE=avezage of DWELLi over all vetilities

POOL{,t =1 4{f home i in month t has pool; 0 othesvise
PVLOW! =1 {f assessed propesly value < $48,000; 0 otherwise
PUMEDL =1 if 548,000 <= assessed properly value ¢ 71,000;
PVEIGHi =) if assessed propersty value > $71,000; 0 otherwise

MP2i,t =marginal water and sewer price with </~

RESi,t = residual temm

VARIABLE DESCRIPTIVE STATISTICS:

NAME N MZAN T. DV VARIANCE MINIMUM
WATER 42257 274.33 228.59 52255, 30.592
PER 42287 2.5826 1.249: 1.56c2 1.00C0
NIR 42257 1.9282 1.18¢7 1.3242 0.00000
ET 42257 3.3073 1.1736 .31 1.2000
E? 42257 1.2719) 1.1653 1.3579 ~0.00000
10T 42257 9.8974 3.2699 10.692 $.0000
1R 42257 0.42384Z-01 D0.20146 D.40588S~-0) 0.00000
IR2 42257 0.33502 0.47200 0.22279 0.00000
IR3 42257 0.26235 0.43992 0.1923%3 0.00000
PV 42257 64.053 21.646 468,54 45,000
DWELL 42287 120.84 43.834 1921.5 49.000
POOL 42287 0.20484 0.40359 0.16289 0.00000
PVLOW 42257 0.32790 0.46945 0.22039 0.00000
PVMED 42257 0.33832 0.47644 0.22700 0.00000
PVHIGH 42257 0.33378 D0.4€6792 0.21895 0.00000
MP2 42257  2.1848 1.544) 2.3843 0.00000

MODEL SPECIFICATION SILECTEIC:
WATER{,t = {{c) + c2°PZRi + cI'NIRi,: LOTH)
*{: + c4"IR1i,t + €5°IR2:,t » c67IR3L,t)
*(1 + e7* (DWELLi-DWLLLAVE)/DWELLAVZ)
+ e8*POOLi,T)
* (1 + PVLOWi=c9* (7.05-22{,3)""cld
+ PVMEDi®c11°(7.05-¢P25,t) " c2
+ PVHIGHiv €13~ (7.05-1P2,t} " cl4}
+ cl15°RESi,t-} + RESi,t

MODEL ESTIMATES:

COEFFICIZNT ST. ERROR  T-RATIO
cl 104.63 3.5531 29.447
c2 22.54% 1.1426 19.730
c3 0.68519 0.47182E-0) 14.522
c4 -95.72949E-01 0.18753Z-01 -3.8901
c$ -0.22972E-01 0.57350E-02 -2.3597
cé 0.186062-02 0.11990E-C1 0.155i8
c? 0.18082 0.23555£-01 7.6766
c8 47.055 3.6378 12.935
c9 0.327362-04 0,24164Z-04 1.3548
cid 5.4492 0.38075 14.312
cll 0.845645-03 0.499042-C3 1.7026
el2 3.8230 0.30518 12,529
cl3 0.29770z-02 C.BS7782-C3 3.47C5
cl4 3.2958 0.1439¢8 . 22.891
el5 0.69480 0.35108E-C2 197.90

R-SQUARE BETWEEIN OBSIRVED AND PRIDICTID = 0.59%5
UTILITIES = 10

HOMES = 1,208 .

N = 42,257
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0 otherwise

2,000 gallen ramp in $/1,000 gal

MAXIMUM 2

1500.0
9.0000
5.2500
5.8200
4.4400
18.000
1.0000 -
1.0000
1.0000
150.00
190.00
1.0000
1.0000
1.0000
1.0000
7.0500
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Base Water Use

The first term, [5-1a), of the model estimates base water use as a t'unctioli of an intercept,
pumber of occupants, net irrigation requirement, and lot size. Estimation finds that the intercept
equals 105 gallons/day, wa'er use increases by 23 gallons/day with each occupant, and water use
increases by 0.69 gallons/day for each inch of NIR for each 1,000 fi? of lot. This first term in
the model represents base water use because other terms in the model fall out wﬂxen no irrigation
restrictions are in effect, when well depth is at its mean value, when there is no pool, and when

price equals $7.05 per 1,000 gallons. Changes in these variables from these cc;ndidons lead to

percentage changes in base water use as described in the next sections. |

An alternative model specification includes both ET and ER instead of N;R. We find the
coefficients are nearly identical and opposite in sign, as expected. Because this specification does
not improve the rnodel’s ability to explain water use, we chose the simpler model that has just
the one weather variable NIR. 3

We also explore refinements to the lot size variable. We find that lot size over 18,000 ]
£ does not correlate with increased water use. This may result from the fact that only the area .
immediately surrounding a house is irrigated, and not the entire lot in the case of houses with ]
very large lots. Only 5 percent of the bomes in our study have lot sizes exceeding 18,000 ft.
Similarly, we find that lot sizes below 5,000 f, 4 percent of the houses in our sample, do not
correlate with decreased water use. The lot size variable (in 1,000 T2) is set to a minimum of ~.]
5 and a maximum of 18 to reflect these findings. Within the range of 5,000 to 18,000 ftl, we .
find water use to be closely proportional to lot size. ]

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

Irrigation Restrictions

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

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

Property Value

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

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

custorner i in month t

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

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

Price

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

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

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

%If the demand curves are truly linear, the price exponents would equal one. This is clearly
not case as the exponents equal 5.45, 3.82, and 3.30 for low, medium and high property value
customers respectively. '
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FIGURE 5-1. SINGLE-FAMILY DEMAND CURVES
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FIGURE 5-2. SINGLE-FAMILY PRICE ELASTICITY CURVES
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Another observation concerns the shape of the elasticity curves. For low value homes,
price elasticity increases with price until $1.50. At this point, these customers are most active
in reducing discretionary uses and making the simple adjustments needed to use water more
efficiently. With further price increases, however, water savings become progressively harder
to achieve and price elasticity heads steadily towards zero. Customers find their utility derived
from remaining water use is high (e.g. water for cooking and bathroom uses), and hence are less
willing to make further water cuts in response to price increases. For medium and high value
homes, the same pattern exists but the inflection points where customers are most sensitive to
price occur around $2.50 and $3.00 respectively. Therefore, it takes higher prices before
wealthier customers react most aggressively in reducing water consumption. When they do,
however, they do decrease it at a much faster rate than lower property value customers. By the
time price increases to $6, there is little difference in water use based on property value.

Irrigation System and Timer

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

Estimation

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

The first correction concerned the variance of the residual which is not constant among
customers. A heteroskedastic residual term violates one of the assumptions of regression which
leads to estimators that are not asymptotically efficient and whose estimated variances are, in
general, biased. To correct for this situation, econometricians often use a weighting technique
(ie., weighted least squares). Through graphical plots, we find that the residual's standard
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deviation increased closely with lot size. Using lot size as our weight, we divide both sides of
demand equation [S-1] by lot size as shown below and re-estimate the coefficients. This
procedure corrects for problems arising with heteroskedasticity.

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

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

WATER,, = f(8.X) + p*RES,,, + RES, ) [5-4]
where,
p = first order autoregressive coefficient

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

“squares approach. Through the reduced form price equation, we calculate the instrumental price
variable for customers in Hillsborough, Lakeland, Lake Placid, Manatee, St. Petersburg, and
Tampa using a different set of estimators for each utility. We do not include customers from
Spring Hill, Winter Haven, or Venice because they charge uniform rates and, therefore, are not
subject to simultaneity bias. We also do not have to include water only customers in-
Hillsborough and Lakeland because, in the absence of the sewer charge and dismissing the 2,000-
gallon first block price in Lakeland, they are charged a uniform rate. Although Bradenton has
three blocks separated at 3,000 and 25,000 gallons/month, the customers in our sample almost
always exceeded the first block and pever entered the third block. Hence, they too effectively
faced a uniform charge. In addition, as Tampa switched from uniform to block water rates in
January of 1990, we exclude observations before this time. The resulting values of instrumental
price variables are substituted into the demand equation which is then estimated using nonlinear
least squares. An analogous procedure is undertaken to also remove simultaneity bias from the
bill difference variable.
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The definition of the variables, variable descriptive statistics, and the coefficients of the
final model are shown in Table 5-1. All coefficients take on their expected mathematical sign
and are significantly different from zero at the 10 percent significance level (T-ratios greater than
1.28 for one tailed tests) with one exception. The model did not find water savings for the
3-day-per-week irrigation restriction to be statistically significant.
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CHAPTER 6

RESULTS FOR COMMERCIAL CUSTOMERS

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

Table 6-1 Lynne et al Study

Number of Price Elasticity at Mean Price
Class Description Customers and Water Use
Department Stores 20 -1.33
Grocery Stores 19 -0.76
Hotels/Motels 40 and 93 -0.12 and -0.24
Eating and Drinking 24 -0.174
Establishments
Other businesses 34 -0.48

This chapter describes our investigation of price elasticity for 10 commercial customer

classes. As described in Chapter 3, the commersial classes include aparuments, car washes,
hospitals, hotely/motels, laundromats, nursing homes, office buildings, restaurants, elementary
schools, and universities and colleges. The apartment class is by far the largest nonsingle-family
user class both in terms of number of customers and water use. Based on 1990 U.S. Census
records, approximately 44 percent of dwelling units in the Southwest Florida Water Management
District (SWFWMD) service area are in multiple unit complexes. In this study, we denote
apartments as commercial (apartment owner's perspective) although of course they are residential.

This chapter consists of sections discussing the water use modeling of each of the ten
customer classes. The demand curves are mapped as conventional functions of price.
Unfortunately, we do not have large enough sample sizes or the balance of customers frorn each
utility 1o map out more precise, nonlinear demand curves as is done with the single-family

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

irrigation restrictions. Because business activity can vary seasonally, especially for businesses
affected by seasonal residents and tourism, the mail surveys elicit seasonal business pattems for l
six of the classes.

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

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

laundromats, office buildings, restaurants and schools is significantly affected by price, but is still
classified as inelastic (elasticity less than -1). For hospitals and nursing hornes, the model finds
positive elasticities. We conclude that because of stringent hygiene requirements, these customers |
are highly inelastic. Finally, the sample size of universities is 100 small to make any
interferences. - I

Apartments I

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

Because apartment water use (like single family water use) can be affected by factors
other than price, it is necessary to contro! for these factors in estimating the impact of price. We I
use multiple regression to measure the correlation between water use and selected explanatory
variables including water price. The explanatory variables generated from mail survey data
include average monthly occupancy rate, average nunber of occupants per unit, and the presence I
of clothes washers, dishwashers, garbage disposals, and a pool at the apartment complex. In
addition, evapotranspiration, effective precipitation, irrigation restrictions, groundwater depth, and
marginal water price are considered. ]
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Table 6-2. Sumenary Resulls for Commerclal Customers

Mean

Tolal Monthly Marginal

Observallons Mean Waler Use Piice Price Elosliclly
CLASS {N) Accounis __ Unll Foclor  Gal/ Day / Unit  $/1.000 Gals Al Meons  Model R2
Apoarments 4.807 174  Apartments 107 3.01 0 0.64
Cor Wash 514 17 None | 4,672 2.74 -0.70 0.17
Hosplials 671 22 Beds 96 3.05 0 0.04
Holels/Motels 3.525 13 Rooms 145 2.51 -0.48 0.43
Laundromats 151 58 Waoshers 172 297 -0.14 0.06
Nursthg Homes 1.983 54 Rooms 96 2.67 0 0.54
Office Bulldings 3.763 116 1.000 112 92 3.00 -0.33 0.29
Resiaurants 3.274 122 Seafls 29 3.10 -0.20 0.19
Schools (Elemenlary) 2,497 67 Students 6.0 3.3 -0.25 0.32
Universitles 2087 9 Studenis 13.6 2.05 Indelerminate 0.001
Tolal 752

22.832
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Estimation of the model shows that only those coefficients representing number of
occupied units, average number of occupants, and two out of three trf size variables took on
their expected mathematical sign and are significant at the 10 percent significance level as shown
in Table 6-3. The price coefficient both took on the wrong sign (positive) and is statistically not
different from zero.

This evidence leads us to conclude that water use by apartments (multiple-family dwelling

units) is very price inelastic. This may result from the fact that aparuments units are rarely

individually metered. As a consequence, apartment dwellers do not pay’a water bill (it is
indirectly included as part of rent) and often have no direct monetary motivation to conserve
water (e.g., react swiftly to fix a toilet leak or leaky faucet). Because apariment owners, on the
other hand, have a direct financial stake, increases in water price should motivate them to install
new water efficient fixrures (e.g., low-volume toilets) or replant with less water intensive
landscaping. Apparently, however, this has not occurred 10 an exient that is measurable.

Car Washes -

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

In the car wash model, only the business seasonal partern and marginal price take on their
expected mathematical sign as shown in Table 6-4. Price elasticity equals -0.70 at mean water
use and price. The Lake Placid car wash, which has dramatically lower water use, perhaps

because of relatively low population in the surrounding area, was excluded from the analysis. '

Hospitals

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

HotelsMotels

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

VARIAZLE DETINITIONS:
WATERi,t =gallons/day Jor complex § in month t
UNITSE anumber of apastment units in complex i
CCCUPYL, t=aversace monzhly occupancy Iate ¢ror mail susvey
PIRSONi e=number oI occupants in unit from mail survey
WASHERY =1 4f clothes washel fzom mail survey: 0 othervise
DISHi =) if dishuasher fzom mail survey: 0 otherwise
GARBAGZi =1 if garbage disposal fzom mail survey; 0 othervise
POOLL «1 if complex i has pool: 0 otherwise
TURFIi =1 §f uses utiiity waler To {zrigate lawn area up to the size of single family lava .
TURF2: =1 Af uses utility watel to ircigate lawn area larger chan single family lawn but less than 1 2s:e
TURFIL =1 4f uses utility water to irrigate lawn area of 1 acze or more,
NIRi, T «net irrigation reguirement in inches
T4, -cvape::ansPS:a:ion in {nches
ZRi,T aeffective rainfall in inches
IR, wl if irrigation limited To 1 day pe: week; O otherwise -
IR2i,2 ] if izrigatien limited to 2 cays pe: veek; 0 otheswise i
IR3L,: w) i¢ irrigation limited to 3 days pe: week: 9 cihervise
DWZLLI mavesage well depil i feez im uiility sesviag & .
MP0L,z wmerginal water anc sevwel price in $73,000 gal

VARIA3LET DESCRIPTIVE STATISTICS:

NAvE N MZAN sT. SV ARIANCE MINTMUM MAXIMUM -

WAZZIR 4806 21309. 1604C. €.257302-09 12€.29 0.13487E-C6

UNITS 4806 108.53 148.24 2:976. 4.0000 $0c.0C

occuRY 4806 0.687867 ©.15359 0.23589E-01 €.900002-01 1.0000

PERSCN 4806 2.0379% 0.68226 0.46548 1.5000 4.5000

HER 4806 0.18976 c.3521% €.28378 0.0cC00 1.0693

4806 C.52998 C.49965 C.2496¢ €.00000 1.0082 -
4€26 0.6C778 €.48833 0.23843 0.0000C 1.6000 .
4806 0.55576 0.62460 0.390613 c.00c00 3.%000
4806 1.927M 0.5:€31 0.2C520 4.6300
4806 0.06658 0.621638-01 0.203C0 1.0e002
48C6 0.053z2 £.25877 £.845452-3:  $.0000C 3.9038
4806 .0.C5493 0.22787 £.519258-01 0.00000 1.0000
4806 3.2834 1.1064 1.2242 1.4559 £.3202

z 4806 1.3565 0.96700 0.9351C 0.40000Z-01 4.2200

Rl 4806 0.07763 £.26759 0.73603E-02 0.CJ3C0 1.0000

1R2 4806 0.37932 2.48827 €.23548 0.0c0CO 1.0C00

IR3 4806 0.23804 0.42592 0.18242 0.900C0 1.00C0

OWZLL 48C6 12¢.91 C.€.0 1649.2 49.C00 190.CC

cde] 48C6 3.0208 1.2248 1.4996 0.€7¢350 7.€500

MCCIL SPESITICATION SILITTIO:

WATIRL,T = UNITSI®STIUFYL, v (sl < £2°2TASONL - €3°MP0%,3)
- e4*TURTL:L = cS*TUAT2: = c6TURF3L

TSTIMATES:

COEFFICIENT
cl 1i.02¢
e2 29.854
c3 b -0}
s 339:..8
ct -82¢8.8¢8
cé 4748.9

.753562-82 -07.€2 -
WIT AND PRIDICTED = 0.€377
ans = 2,043¢
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Table 6-4. Cac Wash Model

VARIABLE DEFINITIONS:
WATERL,t =gallons/day for car vash i in month t
SEASONi, twl - average moathly business level f{rom mail survey -

BAYS{ anumber of wash bays f{rom mail survey
DAYSOFFi =days per week closed from mail susvey
HOURSY «pumber of hours open on Thursdays fzom mail survey

RECYCLEL =1 §Z water recycled; O othezwise
MPO&, =marginal water and sever price in $/1,000 gal

DESCRIPTIVE STATISTICS: i
N HIAN §7. DJEV VARIANCE MINIMUM PAXINMUM
824 £671.5 2712.9 C.73557E-07 427.63 13684,
524 0.21665 0.28745 €.35153E-01 0.00000 c.603°
5.4 .CL5%6 1.4220 2.0193 1.0200 4.C388

CAYSOTT £24 0.36770 C.4B2€S 0.23295 .ccooc i.8022 I
HOURS 514 14.617 6.8855 47.420 8.500¢C 24.02°
RICYCLT %14 0.83074 €C.37835 c.14089 c.co3cs L.0828
¥re g4 2.7425 1.0996 1.2091 1.0700 6.2.33

MODIL SPECIFICATICN STLECTID:

WATERi,t = €l + C2°SIASCNiI, T = €3°¥POi,z _
MODEL ESTIMASES: I
COEZFTICIENT $7. IRROR T-RAT30
cl 8228.9 7c7.8 13,63
c2 -1195.¢ £22.3 -2.284
c3 ~1186.7 222.4 -5.33% -
- Auto 0.78040 €.28524Z-02 27.362

s A R-SCUARS 2ITWSIN OBSIAVEIS AND PAZDICTIC « 0.1722
o Price elasiicity a: means = ~0.6966
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Table 6-5. Hospizal Mocel

VARIABLE DEFINITICNS:

WATERY,t =gallons/day fo: hospital i in month t

BEDSS =number of beds in hospital &

SEASONi, t=average monihly occupancy rate from mail
jrrigate lawn
izrigate lawn
irzigaze lawn
in inches

TURT1§ wl if uses vtility water to
TURT24 =] 3£ uses uzility water to
TURF3i =] if vses vtility waler to
NIRi,t wnet irrigaiion requirement
ET4,t sevapotranspiration in inches
ERi,t meffeczive rainfall in inches
IRli,t

=1 $2 %
=1 if irzigation 1}
=avezage well depih in Jeel

i

M224,:

VARIASLZ DISCRIPTIVE STATISTICS:

NAMZ - N MIZAN ST. DEV

WATIR 672 29482. 28844,
BE2S 672 5€7.33 285.22
STASON 671 c.2:27¢9
TURF1 672 0.14628
TURF2 672 0.242¢7
TURF3 671 0,88924Z-01 C.284E6
NIR 673 2.0:22 C.96%z2
£° . M 3.9926 1.81%2
ER 672 1.4047 1.87:8
i 671 C€.53651E-0) 0.22550
iR2 671 0.36215 0.48C98
iR3 671 0.29955 C.45840
CWZll 671 142,75 24.540
¥20 €M 3.0464 1.4439

MODEL SPECIFICATION SZLICTEIC:

v.

ARIANCE
0.83.962+08
8c2l3.
0.448532-01
$.2:397E-01
C.58600E-C]
0.82143E=02
0.52233
2.30%4
1.3487
0.50849E-C2
€.23134
0.2:013
6C62.20
2.0847

4

survey
area up to the size of single family lawn

area Jarge:r than single family lawn but less thar @
area of 1 acre or more

=1 1f irrigazion limited to 1 day per wveek; 0 othervise
rigazion limited to 2 cays per wveek; 0 othervise
zed to 3 days per week; 0 otherwise
wtilizy sezving
azarginal water and sewer pcice in §/1,00C gal

¢

>

1136.4
sc.cco
€.20900z-01
0.82000
0.02000
9.000C0
£.20500

1.5350
0.45050Z-01
0.900020
£.0C000
0.00000

6€9.000
0.67000

WATERL

MOZEZL =

Auso

o=

STIMATES:

COEFFICIINT
732¢.8
-3.637%4
22.999

€C.87%92

ei ¢ e2°3I38i

ST. ERROR T-RARTIO
5448, 1.344
2C.23 -0.80232-01
6.518 3.5258

0.22068Z-02 359.656

R=SQUARE BETWIIN O3SIRVEIZ AXD PRIDICTES = 0.0439
Prsice clasticity at means = €.7680

01N O NER EPORTING SN 2S-ONHAP 4. %P3
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ace

0.15£30E4C6

1224.0
€.970C0
1.00C0
1.0%00¢C
1.0000
4.6300
€.2650
4,525
1.0000
1.0¢cC0
1.0000
176.00
7.05%0
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Figure 6-4. Hotel/Molel Water Use
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EXHIBIT (-2 )

Results show that only the number of occupied rooms, presence of on-site laundries, and l
marginal price take on the expected mathematical sign and are significant (5 percent significance
level). Price elasticity at the mean water use and price is -0.48 as shown in Table 6-6.

Laundromats

Figure 6-5 plots water use per washer against price for laundromats within each utility.

There appears to be a general decrease in water use as price increases. For the 58 laundromats,

the average water use is 172 gallons/day/washer. l

The model includes number of washers, seasonal business patterns, days open per week,
hours open on Thursdays, and marginal price. Number of washers, seasonal business patierns,

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

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

Nursing Homes

Florida's popularity with retired seniors has lead to a large nursing home industry.

Average water use per bed, as plotted

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

on Figure 6-6, equals 96 galions over the 54 nursing homes

in our sample. The water use model accounts for beds, annual occupancy, weather, irrigation
restrictions, groundwater depth, and marginal price. Only beds and occupancy prove useful in l
-explaining water use. The price coefficient is positive as shown in Table 6-8.

Office Buildings

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

Restaurants

Figure 6-8 plots restaurant water use against price. Only sit-down restaurants that served
food on plates and used flarware that require washing are included. Average water use in l
gallons/day/seat was 29 over the 122 restaurants in the sample. From the mail survey, we
elicited number of seats, days per week open, business hours on Thursdays, and seasonal business
patterns. In our questionnaire, we also asked if the restaurant used disposable dinnerware. A }
total of 19 replied yes and they are excluded from the analysis. The model finds price elasticity

al mean water use and price equal to -0.28 as shown in Table 6-10.

N OINEREPORTIVE INA S-OROUAP L WPS
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Takle 6-6. Hotels/Mciel Models

VARIABLE DITINITICNS:
t =gallons/day fcz hozel/motel i in menth 2
enumber of rooms in hetel/motel i
OCCUPYS,t=average monthly occupancy rate Irom mail survey
POOLY )} if poel from mail survey; O othervise
EATE =l i on-site res:aucant; O otherwise
B WASHL =l if on-site laundry; 0 otherwise
TURF1Z =l if uses vtility water o irrigate lawn area up to the size of single family lawn
TURF24 =1 if uses uzility water to irsigate lawn area larger than single family lawn bu: less than C aerr
TURFIL «)l if uses utility wazer to irrigate lawn area of 1 acze or mote
ETi,z «evapotzanspization in inches
ZRi, =effective rainfall in inches
IRii, 2 )l 47 irrigatien limited o 1 day pe:- week: 0 othervise
IR24,t =1 if irrigazion limited to 2 days per week; 0 otheswise
IR3i, 3 i 47 frrigatior limited 3o 3 days per week; 0 othervise
OWILLS =average well depth in feet in utilicty serving §
MP0i,t =marginal vater and sewe:r price in $/1,000 Ggal

PETTIIEIRN

VARIA3LZ DISCRIPTIVZ STATISTICS:

NAME N MEAN §7. DV VARIARZE KININMOM MAXINMUM

WATIR 3825 13337, 20443, 0.427925+09  131.58 0.16944Z-06
3525 90.591 97.5¢7 9507.5 6.0000 4£50.00
3525 0.64246 0.20:92 0.407702-01 0.4000302-01 1.0000
3525 0.60879% 0.48809 ¢.23823 0.000C0 1.0000
3825 0.25447 0.43562 c.18977 ©.00Cc0 1.0¢08
3525 0.83858 0.36797 0.1354¢ 0.00€82 1.0cc¢C
3528 €.19276 0.39453 0.155€5 0.00C20 1.0008
3825 0.6€6704Z-C3 0.24954 0.62272Z-01 0.€6C000 1.0000
3825 o.ie6280 0.36224 C.13634 0.03330 — 1.0000
3525 1.9728 0.90626 0.82130 £.2050C 4.630C
3525 3.8583 1.4534 2.1125 1,3800 6.2650
2525  1.3945 1.0188 1.0380 0.4C00Cz-01 4.390C
3825 0.61277E-01 0.23967 0.578382-C2  0,000C° 1.000C
3525 0.37730 0.48478 0.23501 0.00000 1.0000
3828 9.3l%07 0.46259 0.23395 €.0c02C 1.0000
35z% 133.25 36.947 13€5.1 49.0C0 190.08 N
3525 2.5048 0.85262 0.72695 c.635¢ 7.050¢C

MCOEZL SPECIFICATION SZILEICTTIO:
WATIRE, T = RCOMSE®CCIURYiv(cl ~ C2°WASHL < ¢I*HP0§,1)
MCSEL ESTIMATES:

COEFFICIENT $7. ERROR T-RATIO

cl 142.61 33.23 4.292
cg 95.662 24.0C 3.183
[} -44.229 7.326 -6.036
Aslo 0.87394 c.o0e:? 106.28244

R=-SQUARZT 37
Price Tlastic

{ CDSTRVZIZ AN PRIZICTZZ = £.4340
at means « -0.4825

ONOPNEAREPORTINE SNEI-INCHAP 4. WPS
QM3 FsT8
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Figure 6-5. Laundry Water Use
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Table 6-7. Laundry Model

VARIA3LE DEFINITIONS:
WATERi,t =gallons/day for laundromat { ian month Tt
WASHIRSi enurder of washers in laundromat &
SZASONi,t=l - average monthly business level from mail survey
DAYSOFFi =days per week closed from mail suzvey
HOURSA =numbes of hours cpen on Thursdays from malil survey
M2P0i,t emarginal water and sewer price in $/1,000 gal

¥

VARZA3LI DISSRIPTIVE STATISTICS:

MZAN §T. DEV VARIANCT MINIMUM MAXIMIM

4528.2 4269.3 .282292+08 131.58 3Lae2.

26.445 ?7.59¢c8eC 62.537 10.00C $2.03C

0.19737 0.1684) 0.283631z-01 0.C0000 €.83222

1 - 0.257022-02 €.24094 .$65532-C1 0.0C000 z.ccC2

14.660 2.£690 8.231¢ . 10.000 24.032
2.9€66 1.2824 1.6446 0.68020 7.082 -

MCDEZL SPETIFICATION SEILECTEIS:
WATSRY,T ® WASKTAS{®(cl - c2°STASONi,: + e3*DAYSOITi « c4"HOURSL = c5°M2Ci. 1)
MODZL ZSTIMATES:

COZFTICIENT ST. ZRROR T-RATIO

cl 23c.3% 28.83 9.025
c2 -44.643 22.€2 -1.973
c3 -61,587 43.5¢€ -1.401
es -1.9980 i.529 -1.304
cs -7.9343 2.824 -2.82°0
Auvzo 0.85:72 €.13972z-01 60.957

R-SQUARE 3ITWZIN C2SZ > AND PRIDICTEZD = C.0€LE
Price eiasticity at means = -C.1413

RNOINER PORTRERNR IONCHAP 4. WPS .
QMs-PSss .
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Table 6-8. Nursing Home Models

VARIABLE DEFINITIONS:

WATERL, t=gallons/day for nursing hoeme i in monih t

BEDS{ =number of beds in nursing home i

OCCUPYL =average occupancy rate f{rom mail survey

TURF14 =1 if uses utility water to irrigate lawn area up to the size of single family lawn
TURF2i =1 {f uses utility wazer to irrigate lawn azea large: than single family lawn but less than 1 acze
TURF3i =1 if uses wzility water to irrigate lawn area of 1 acre or more

NIRi,t =net irrigation requirement in inches -

E?i,: =evapotzanspiration in inches

ERi,t =effective rainfall in inches

IRME, ¢ =) §¢ irrigation limited to 1 day per week: 0 otheswise

TR2¢,t e 4 irrigazicn limited to 2 days per week; 0 cotherwise

IR3i,% =2 i irzigation limited %o 3 days per week; 0 otheswise

DWZILL: w=average well depih in feet in utility serving i

MPCi,t =margiral water and sewer price in $/1,00C gal

VARIA2LZ DEISCRIPTIVEZ STATISTICS:

NAME N MIAN S§T. DV VARIANCE MINIMIM VAXZMUM
WATZA 1983 11431, 1113s. 0.12399E+09 463.82 96036.
BEDS 1983 118.50 109.22 21926, 26.000 709.0C
occupy 1983 0.89915 0.12778 C.26327Z-01 0.25000 1.0000 _
TURFL +1983 C.46394Z-01 C€.2:2039 0.44264E-01 C€.00002 1.0000
TURF2 1983 0.91780Z-0: 0.2887¢ 0.83399Z-C1 0.00000 1.0000
1983 0.39839Z-0% 0.195€3 £.38272E-01 0.000C2 1.0000
1983 1.9626 0.91831 0.84330 0.20500 4.630C
1983 3.8145 1.4087 1.5762 1.53%0 6.265¢C
1983 1.4438 1.0495 1,104 0.400002-01 4,5282
1583 ©0.63540Z-01 0.24399 €.59523 0.00000 1.000¢C
1983 0.33434 0.47188 0.22267 0.030C0 1.0000
1983 0.23702 0.42556 0.18093 0.000C0 1.0000
1983 112.22 4£5.738 2092.0 €9.030 190.09
1983 2.675 0.99:80 0.98367 C.67C00 7.c50C

KODEL SPESCITICATION SZLECTED:
WATZRI,: « BIDSivOCCUPYSic® (el + e2°MPCL,t) + €¢I*TURTII*NIRL,t + c4"TURF2i*KIR:i, T + €5 TURF3L-NIRI,:

MODZL ZSTIMATES:

#

COZFFICIENT $7. ERROR  T-RATI

el 74.359 8.123 9.15¢
c2 €.1467 2.9M 2.7237
c3 324.62 448.5 0.7237
c4 782.55% 32%.6 2.441
[ 804.74 485.9 1.656
Avzo $.80658 0.23676z-C2 $B.579

R=SOUARZ 3ITWEZIN OSSZRVEID AND PRIDICTED = 0.542)
Price elasticity at means = 0.1897

RN OTRER EPORTINT INB I-TNCHAP 6. WPS
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|
Figure 6-7. Office Waler Use
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Tadble 6-5. OZfice Models

VARIABLE DEFINITIONS:
WATERi,t=gailons/day for building i in menth t
SPACE . =1,000 square feet of building i
TURT1i =1 if uses utility water to irrigate lawn area up to the size of single family lawn
TURF2i =1 if uses utility water to irsigate lawn area lazger than single family lawn bul less than 1 azre
TURF34 =1 if uses utility water o izsigate lawn area of 1 acre or moce
NIRi,t w=net irrigation requirement in inches
ETi,t ~evapotranspiration in inches
ERi,t =effective rainfall in inches
IRli,t =1 if irrigation limited o 1 day per week; O otherwise .
IR2i,t =1 if irrigation limited to 2 days per wveek; 0 otherwise
IR3i,t =i if irrigation limited o 3 days pez week; O othervise
DWZLLi w=average well depth in feet in utility sezving i
MP0i,2 emarginal wates and sewer price Fn §/1,000 gal

VARIABLE DESCRI?TIVE STATISTICS:

NAME N MIAN sT. B2V | VARZANCE MINIMUM MAXIMUM
WATZR 3763 8592.7 18733, i 0.35099Z+09 16.447 0.23273z2+06
SPACE 3763 93.143 1le.8¢ L 14138, 0.9225¢C 735.63
TURFZ 3763 0.60£56z-01 0.238:20 0.571672-01 0.00000 1.0000
TURF2 3763 0.33484E-01 C€.17992 ' 0.32371z-01 ©.0000C 1.0000
SURF3 5763 0.62450Z-02 0.2420C 0.58%66z-01 0.00000 1.0000

NIR 3763 1.9637 0.94020 0.88398 0.20800 4.6300

ET 3763 3.9633 1.4924 2.22M1 1.55350 6.2650

ER 37€3 1.4427 1.0679 i 1.1404 0.45000E-02 4.5250

IR 3763 ©.623242Z-0) C.238:2 0.5670C2-01 0.00000 1.0000

IR2 3765 0.39304 C.48849 | £.23862 c.occoo i.0000

IR3 3763 Cc.2970 0.458724 ! 0.20889 0.0S000 1.0000
bRzl 3763 146.¢98 25.222 . 63€.37 69.000 190.0¢ -
acdd 3763 3.0062 1.3270 2.3317 0.670C0 7.050¢C

¥OSEL SPECITICATION SILICTED:
WATER:I,: = ClvSPACIL + c2°SPACEMPO0L,2 + c3*TURFLL + c4*TURF2L + c§*TURFI:
KODIL ISTIMATES:

COZFTICIENT ST. ZRROR T-RATI0
I3} 77.276 12.1¢ 7.632 <o ’ :

B c2 -32.979 5.852 -2.85 .. -
& s . 334.99 2098, £.1597 .
: 4 440. 64 2642, c.1669

cs 33069. 2496. 13.28

Asto 0.87828  C.00780  112.62424

R=-SQUARE BETWEEN OBSERVEZD AND PRIJICTZD = 0.2897
sice elasticity at means = ~0.3334 '
|

U109 NE REPORTING SN I-ONCHAP 4. V7S .
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Mean Marginal Price ($/1,000 Gallons

Figure 6-8. Restaurant Waler Use
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cadle 6-10. Restauzan: Models
VARIABLE DEFINITIONS:
WATERi,t =gallons/day for restavrant i im month t
SEATSY =nurber of seats in restaurant i
SEASON{,t=1 - average monthly business lével from mail survey
DAYSOTFi =days per week not open from mail survey
HOURS{ =number of hours open on Thursdays Irom mall survey
. TURF14 =1 ¢f uses utility water to irrigate lavn ares up to the size of single family lawn
i TURF24 al §f uses utility water to irzigase lawn area lazge:r than single family lawn but less than 1 acre
TURF34 -1 if uses utility watez to irrigate lawn area of 1 acre oI more -
NIRi,t ~net irrigazion requirement in inches -

ETi,t =evapotranspiration in inches’

ERi,t weffecsive sainfall in inches

SRM,t ] if frrigation limited to 1 day per week; O otherwise
2L,z a3 if $zzigation limited to 2 days per week; O othervise

IR, ¢ ] if irrigation limized to 3 days per week; 0 othecwise
OWZLLL waverage weil depth in feet in uwtilizy serving i
MPCi,z amarginal wazer and sewve: price!in $/1,000 gal

VARIASLE DESCRIPTIVZ STATISTICS:

- NAVE N MEAN sT. DEV “'VARIANCE MINIVUM MAXIMUM
WATER 3274 4719.3 11738, © 0.1377iE+09 €5.789 0.16868Z~06
SEATS 3274 264.77 94.750 8977.5 29,000 540.00
SEASON 3274 0.21443 0.15859 0.25149z-02 0.00C20 0.50000
DAYSOFT 3274 0.262%6 0.50935 C.25944 0.00500 2.0000
HOURS 3294 12.482 4.5335 © 20.553 6.0000 24.C00

< TURTY 3274 c.11300 0.31666 0.310¢€27 0.0€022 1.0000
TURT2 3274 0.44288E-0) C.20577 €.423402-C1 0.00330 1.0000
TURT3 3274 0.11607z-51 D.1C0712 | £.124752-01 ©.00200 1.0000
NIR 3274 1.8798 0.86385 i 0.74624 0.20500 4.6300
E7 3274 3.7464 1.37%7 i1.8925 1.3800 6.265C
R 3274 1.4835 1.0355 C1.0724 0.450002-02 4.5250
IR 3274 0©.448992-01 0.20712 © 0.428962-21 0,00000 1.0000
iR2 3274 0.4:387 0.49260 " 0.24266 0.08000 1.0000
-R3 32794 D.248€3 9.43228 0.18687 0.00000 1.0000
CWzll 3274 12%.87 44,870 . 2023.3 49.000 190.00
w0 3294 3.2933 2.499 2.2470 0.200C0 7.05C0

MODZL SPECIFITATION SILECTIO:

WATER:,t = SEATS!®(cl » c2°STASON: + C3"DAYSOFTI < c4"HOURSS + c5°MP0i, %) + c6°TURTLI - €I°TURT2: ~ c€°TURTIL
MODEL ESTIMATES:

COZFTICIENT ST. ERROR T-RATIO!

31 46.412 9.06C $.123;
e2 ~9.53178 3.847 ~2.474.
€3’ -14.782 5.004 -2.948
cé -C. 69337 0.4862 -1.422
s -2.6153 1.844 ~3.419°
c6 1889.4 1182, 1.640:
3] 3337.4 1792 1.863:
ct 4264.9 3732, 1,343

$TS =.28032 s.50822 . s9.46
R-§OUARS BITWZEN O3SIRAVZD AND PRIDICTID « 0.189€
Price elasiicity al means = -C.2843

NOINEREPORTH AR A 0T SHAP £ WPS
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Schools (Elementary) : l

With a sample of 67 elementary schools, water use averaged 6 gallons/day/student.
Figure 6-9 plots water use against price. Including number of stdents, weather, groundwater l
depth, and marginal price, the model estimates price elasticity at mean water use and price 10
be -0.25 as shown in Table 6-11.

Universities and Colleges

Our sample of universities and colleges equaled only 9. Water use per student is plotied
against price for each utility on Figure 6-10. A great variation is water use is shown. The :
model, shown in Table 6-12, which includes swmdents and marginal water price, finds price I
elasticity to be -0.98 at the mean water use and price. Because the R of the model is so low ’
(0.001), however, we do not believe inferences are valid in this case. In our opinion, price
elasticity is indeterminate.

RNOVNEREPORTI@ N B-INCHAL 4. WPS
QM P . - ,
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Figure 6-9. School Water Use
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Table 6-11. School! Models

VARIABLE DEFINITIONSS.
WATERi,t =gailons/day for school 4 in menth t
STUDEKNTi, t=number of siudents enzolled at school § in month t

ETi,t =evapotranspization in inches

ERi,t meffective zainfall in inches

IRli,t «1 if izrigation limited to 1 day per week; 0 othervise
IR2i,t 1 1 irrigazion limited 3o 2 days per week; € othervise
IR3%, T =1 if irrigazfon limited to 3 days pel week; 0 otRerwise
DWZLLi <average well depth in feet in utility serving i

MPLL, T «marginal water and sewver price ¢n 5/1,000 gal

VARTASLE DESCRIPTIVE STATISTICS:

NARZE N MEAN sT. DIV VARIANCE MINIKUY MAXIMUM
WATZIR 2497 4000.0 3673.2 0.13537E+08 125.00 20289
STUDERT 2497 665.78 278.03 77301. 46.000 2049.C
z7 2697 3.2 3.3.05 1.232 1.4550 5.3200
ZR 2497 1.383¢C s.632 1.0023 €.450C0Z-C1 £.2200
132 2457 0:21025 €.40787 0.16613 €.00300 1.000¢C
IR2 2497 9.34362 0.475C1 0.22563 0.0000C 1,0002

2497 0.6£8622-01 €.64164E-03 0.05000 1.0038

2497 124.34 2164.7 49.00C 190.00

2497 3.33¢03 3.8852 0.67000 7.0832

WATIRi,t - S?Ubiﬁfﬁ'(ei «e2°ZTi,t » €3°ZRi,t v c4"DWILLL < €5-¥P0i, )
MOSIL ESTIMATES:

COZTFICIENT ST. TRROR  T-RATIC

c2 2.7264 0.€386 4.2€9
c2 £.51518 £ 0.1079 4,176
c3 -1.0092 0.9763T-01 -12.3%4
c4 £.33563T-C) 0.82372-02  6.297
ct -0.41745 ¢ . 0.1074 -3.088
Aczo €.61573 © 0.15926Z-C1 3B.€€l o .. :

R-SCUARZ BITWIIN O3STRVED AND PRIZICIZS = c.3263
Price elasticizy a: means = -0.2472

06N OINE VEPORTINR INRA SLIHAP6.WP3
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Mean Matginal Price (§/1,000 Gallons

Figure 6-10. Universlty and College Water Use
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cable 6-12. Univezsity and College Hodels

VARIASLE DEFINITIONS: :
WATERL,t =gallens/day for school i 4n month T
STUDENTY, t=number of students enrolled az scheol i in month t
ETi,t ~evapotranspiration in inches
ERi,t meffective rainfall in inches
IR, «] i irrigation limited to 1 day per veek; 0 otherwise
IR2i,t e} {f izzigation limited to 2 days per week; 0 othezwise
IR34,t ey if irrigation limited to 3 days pe: week; 0 othervise
DWEZLli maverage well depth in feet in uzility serving &
MPOL,t ~marginal vaiel and sewer price in $/2,000 gal

VARIABLE DESCRIPTIVE STATISTICS:

NAME N MEAN sT. DEV VARIANCE MINIMUM MAXIMUM -
WATER 297 28708. 33288. 0.12081E+10 690.79 0,166552+C6

STUDENT 287 1.8 2020.7 €.40429E+07 2:11.00 8522.0

T 287 3.8783 1.4663 2.1499 1.58350 6€.2650 R

ER 287 1.3€74 1.C443 1.09C€ C.4500CE-02 4.3882

IRl 287 0.662022-01 0.24907 0.620362-01 0.00000 1.8%90

IR2 287 0.32753 0.47013 0.22.02 0.22000 1.0022

iRl 287 0.28223 0.45c87 0.28328 0.00000 1.0¢CC8

DWZLL 287 127.:12 42.496 1005.9 69.000 185.¢0 —
b r4Y] 287 2.0518 €.79596 0.633588 0.68000 3.1000

MODEL SPECIFICATION SILiETIED:
WATZRI,t = STUDENTiv (el < e2°¥P0i, 1)
MODEL ESTIMATES:

COEFFiCIENT $7. ERROR  T-RATIO

e 22.118 '8.326 2.657
c2 -5.5769 2.800 -3.992
Auzc £.7604% 0.385982-01 19.700

R-SOQUARZ BETWEEN O3SIRVED AND- PREDICTED « C.0012
Price elasticity at means = -C.9808

TR TR R S ASINUL &VPS
Qus SRS .
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CHAPTER 7

ANALYSIS OF AGGREGATE DATA

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

the results are consistent

Winter Haven Aggregate Data

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

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

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

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

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

Instead, we compare mean water use before and after the Novernber 1991 price increase.
As shown in Table 7-1, single-family water use for the 3 years prior to the rate hike is
164 gallons/day/account and for the year after the price hike, it is 136 gallons per day. This
28 gallon/day or 17 percent drop is probably Jargely due to the 27 percent increase in price
(water and sewer charges). This implies an elasticity of -0.56. This estimate happens to nearly
coincide with the estimate from the analysis of micro data As shown on Figure 5-1, price
" elasticities for low and high value properties at $3/1,000 gallons are -0.32 and -0.76, respectively.
B_ecause this aggregate analysis measures the short-term response and the dernand curves on
Figure 5-1 measure the long-term response, the aggregate price elasticity appears to be high.

SRR EPOR TSR INA S-OPCHAP - 1. WPS
Qus-rsns



' /o ,
EXHIBIT TARY)

PAGE {3 oF 1593

Table 7-1 Winter Haven Aggregate Billing Data

7-2 .

SINGLE FAMILY COMMERCIAL REAL A

DATE TGallons Accounts GalDay/Acst  TGallons Accounts Gal/Day/Aect PRICE ET ER NIR R ]

Nov-88 63,047 11,689 17 48,618 2,565 624 2.67 2.28 2.28 0.00 1 -

De<-88 54464 11,700 153 43166 2,563 554 267 165 028 137 7

Jno-89 66,331 11,710 186 52,682 2,562 671 266 211 086 125 7

Feb-69 62,893 11,721 148 44,667 2,560 514 265 251 0.05 246 7 : -l

Mar-89 59,440 11,732 167 48,369 2,559 622 2.63 3.41 0.79 2.62 1 -

Apr-89 67,186 11,748 188 79,825 2,557 770 261 438 139 299 7 .

May-89 65397 11,754 183 59,333 2,556 - 764 260 652 0.8 495 7 . J

Jup-89 78,893 11,765 221 47,143 2,554 607 259 685 117 859 1

Jul-89 79,600 11,771 223 61,664 2,562 792 250 448 282 166 7

Aug-89 59,145 11776 165 50644 2,589 648 288 633 L7286l 7

Sep-89 55846 11,782 . 156 46740 2,577 597 - 257 428 246 182 s ]

Oct.89 58,542 11,787 163 561,333 2,584 658 256 820 015 3.04 s

Nov-89 58,387 11,783 183 44489 2,592 565 256 226 050 176 3 P

Dec-89 63,272 11,798 176 45,672 2,600 578 2.55 141 141 0.00 3 :

Jan.90 68,092 11,804 190 64,113 2,607 809 253 195 031 164 3 -

Feb-90 59,624 11,809 166 53,492 2,615 673 251 260 090 170 3 ‘

Mar-90 53,996 11,815 150 §3,23¢ 2,622 668 250 869 107 262 s

Apr-90 75652 11,820 211 67,728 2,630 847 250 427 060 367 3

May-90 §6,336 11,826 157 51,343 2,637 640 249 525 130 394 3 ]

Jun-90 98,638 11,831 274 86,260 2,645 1,073 248 5.18 3.2§ 1.93 3

Jul.90 62,507 11,618 174 53,367 2,666 659 3.00 4.91 3.62 1.29 3

Aug-90 59,193 11,605 165 52,032 2,688 —837 297 4.73 181 2.92 3

Sep-90 55,040 11,792 154 82,987 2,708 1,008 2.95 4.12 0.80 3.32 3

Oct-90 57,074 11,778 159 66,854 2,731 805 2.93 .18 1.01 217 3

Nov-90 54,505 11,765 152 65,410 2,752 782 292 2.16 0.22 1.94 3

Dec.90 57,040 11,752 160 66,707 2,774 91 2.92 1.72 0.00 1.72 3

Jan-91 46,152 11,739 129 53,728 2,795 632 290 T1.86 0.94 0.92 3

Feb-91 89,490 11,726 111 50,585 2,816 591 2.90 2.32 0.22 2.10 3 %

Mar-91 44,237 11,7113 124 52,938 2,838 614 2.89 3.15 1.84 181 2 :

Apr-91 §2,625 11,699 148 64,263 2,859 739 2.89 4.29 1.58 2.7 2

May-91 41,776 11,686 134 48,719 2,861 556 2.88 4.1 1.85 2.86 2

Jun-91 57,884 11,673 162 61,484 2,902 697 2.87 5.15 2.18 297 2

Jul-91 46,074 11,685 130 45,413 2,901 515 2.87 4.57 4.05 0.52 2

Aug-91 36,995 11,697 104 49,194 2,901 558 2.86. 4.83 1.63 3.21 7

Sep-91 48,396 11,710 136 56,227 2,900 638 285 4.39 1.24 3.16 7 -

Oct.91 54,852 11,722 154 58,183 2,899 660 2.84 3.45 1.68 1.77 7 .

Nov-91 44,100 11,734 124 52,378 2,898 554 3.60° 210 0.00 210 ki ¢ .

Dec-91 §7,748 11,746 162 66,357 2,898 154 8.60 1.76 0.08 1.68 T

Jan-92 45,359 11,758 127 49,033 2,897 587 3.59 1.71 0.50 1.21 1

Feb-92 50,608 11,770 141 60,543 2,696 688 3.58 2.23 1.12 1.11 7 -

Mar-92 42,894 11,763 120 53,978 2,895 618 3.56 3.33 0.39 2.94 2

Apr-92 46,135 11,795 129 51,932 2,895 590 8.55 4.18 1.39 2.79 2

May-92 47,113 11,807 131 50,960 2,894 579 .55 5.32 0.58 4.73 2

Jun-92 67,102 11,819 187 1,002 2,893 807 i 3.54 4.69 417 0.52 2

Jul.92 44,939 11,819 125 50,049 2,893 569 3.53

Aug-92 58,936 11,619 164 63,050 2,893 77 3.52

Sep-92 89,057 11,819 109 48,299 2,893 549 3.51

Oct-92 41,558 11,819 116 49,303 2,893 561 3.50

Average 187 6§71 2.93

Average Novt88.0ct91 164 654 2.72 j

Average Nov91-0ct92 136 632 3.55 N

Chbange -28 -52 0.83

% Chaage -17.18% Y X Y1 ) 30.51%

Arc Elasticity -0.56 -0.25 }
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For the commercial class, water use drops from 684 to 632 gallons/day/account after the
rate increase. This implies an elasticity of -0.25. This seems 1o be a reasonable number given
the results of our commercial class micro analysis. Winter Haven's commercial class includes

apartroents.

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

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

The only purpose for this cursory &nalysis is to determine if the results of the aggregate
analysis reasonably approximate the results of the micro analysis.

U UTARAREPOR TSN S S5-ONCHANT. WP
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I Teblo A-1. Combinod Waler ond Sowor Prdces $/1.000 gallons (Nol adjuslod for Infation).
Blocks Commoercial .
uinity Sorvice Gotony/Monlh Included __ Jul-88 _Aug-88  Sep-88  Ocl-88  Nov-88 Doc-88 _Jon-69 Feb-89 Mor-89 Apr-69 May-89
Bradenton Walor 0-3.000 Yos 122 1.22 1.22 1.22 122 1.22 1.22 1.22 1.22 1.22 1.22
Ovor 3.000 Yes 1.74 1.74 1.74 1.74 1.74 1.4 1.74 1.74 1.74 1.74 1.74
Woalor & Sower 0-3.000 Yeos 2.7 237 237 237 .37 2.37 237 2.37 2.7 237 23
3.000-25.000 Yeos 3.42 d.42 342 3.42 .42 342 42 3.42 3.42 3.42 3.42
Ovaer 25,000 No 124 174 1.74 1.74 l.]d 1.74 1.74 174 1.74 1.74 174
lillsborough  Waler Uniform Yes 1.30 1.30 1.30 1.30 1.30 1.30 1.30 130 1.30 1.30 1.30
Walor & Sowor 08.000 Yes 5.00 500 500 500 500 500 500 - 500 500 500 500
Ovor 8.000 No 1.30 1.30 1.30 1.30 1.30 1.30 1.30 130 1.30 1.30 1.30
Lokelond Wolor 0-2.000 No 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Over 2,000 Yos 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.65 0.85
Waler & Sowor 0-2000 No 1.25 1.25 1.25 125 1.25 1.25 1.25 125 125 125 1.25
2.,000-8.000 Yes 2.10 2.10 2.10 2.10 210 210 2.10 2.10 210 2.10 2.10
Ovor 8000 No 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Loke Placld  Walet & Sower 0-5.000 . No 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000
— — “—Ovor5000-————No— 0.0 0.80— 000080 080 080— 080080080 080 080 0.80
Manatoe Waler 0-15,000 Yeos 0.90 090 0.0 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Over 15.000 Yos 1.00 1.00 100 . 105 1.05 1.05 105 1.05 1.05 105 1.05
Water & Sower 0-12.000 Yes, 224 274 2.74 2.54 2.54 254 2.54 254 2.54 2.54 2.54
12.000-15.000 No 0.0 0.90 0.90 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Over 15,000 Yos 1.00 1.00 100 1.05 105 105 1.05 1.05 1.05 1.05 1.05
Si. Polo Walor 0-10.000 Yos 1.01 .01 098 098 098 098 0.98 0.98 0.98 098 098
10,000-20.000 No’ 1.05 1.0 1.03 1.0 103 1.03 1.0 1.0 1.0 103 1.03
Ovor 20,000 No [RR} L L1 13 L1 .13 1.3 (R K] 113 1.3 IRk
Wolor & Sowor 0-10.000 Yos 245 2.45 1.98 1.98 198 1.98 198 1.98 1.98 193 1.98
10.000-20.000 No 249 249 203 203 203 203 203 203 203 20 20
20,000-30.,000 No wm 1.1 AR 3 L3 .9 1.9 .13 .13 [ A&} .12
30.000-40,000 No 111 Ln 1.3 1.13 113 1.13 113 113 1.1 1.2 .13
Ovor 40.000 No Lo R} L3 (R K} 113 .2 (AR L .13 113
Sping Hit Wolet Unlform Yos 071 071 071 0.724 0.74 0.74 074 074 0.74 0.74 0.74
Walor & Sower 0-10.000 Yos® 3.28 3.28 J.28 337 337 3.37 337 .37 3.3 kR Y Ay
Ovor 10,000 No 07 0.71 0.71 0.74 0.74 0.74 074 0.74 074 0.74 0.74
fcmpo Wolor 09724 No 0.6) 0.61 0.6\ 0.1 041 0.61 0.61 0:61 0.81 046! 0.61
Ovor 9.724 No 041 0.61 061 061 0.61 0.6} 061 0.6 0.61 0.61 0.61
Wolor & Sowert 1st Block Yeos w2 221 2.2, 2.2) 221 221 221 221 221 220 220
2nd Block Yes 2.21 2.21 2.2) 221 2.2 221 2.21 2.21 221 221 221
Venice - Walot Unlform Yes 191 1.9 19 19, 191 191 191 1.91 191 191 191
Waler & Sower Unlform Yos 418 4.8 4.18 418 418 418 4.8 4.18 418 4.18 4.18
Winler Havon Waler Unlform Yes 0.74 Q.74 074 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74

~ Waoler & Sower Unlform Yes 233 23 233 2.3) 2.3 2.3 2.3 233 233 2.3 233
*For Non-tesidonilal custormers multiply by 1.16 .
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1oble A-1. Comblned Walor and Sowor Pilces
Blocks Commerclal

Ulilly Service Gglony/Month Includod __ Jul-89 _Aug-89 Sep-89 Ocl-89 Nov-89 Dec-89 Jon-90 Feb-9%0 Mor-90  Apt-90 Moy-90  Jun90
Bodenion  Woler 03,000 Yos 122 122 122 m 22 122 122 ‘2 2 n 2 &
. Over 3000 Yos 174 174 174 174 174 114 174 114 MJ4 14 174 T4
Woler & Sewer 03000 Yos 237 237 23 287 237 231 231 23 2% 2 ¥ 2%
3.000-25.000 Yos 342 342 342 342  3a 342 342 342 dA2  d42 34 3
Ovor 25,000 No 174 174 174 174 174 174 174 174 14 14 14 4
lilsborough ~ Woler Unilorm Yos 130 130 130 145 145 145 145 145 145 145 145 14S
Walor & Sewe 08000 vos 500 500 500 555 685 555 555 55 68 555 585 555
Over 8000 No 130 130 130 145 145 145 145 145 145 145 145 145
lokolond  Woler 02000 No 000 ©000 000 000 000 000 000 000 G0 000 000 000
Ovor 2.000 Yes 085 085 08 085 08 085 085 08 08 08 08 085
Waler & Sower 02000 No 125 125 125 125 125 125 125 125 125 125 125 125
2,000-8.000 Yes 210 210 210 210 210 210 210 210 210 210 210 210
Over 8000 No 085 085 085 08 085 085 085 085 08 08 08 085
lakoPlocld Wolor&Sowor 05000 No . 000. 000 000 000 000 000 000 000 000 _ 000000 000
' = Ovoi 5,000 No 080 060 080 060 080 080 080 080 080 080 080 080
Monales  Waler 0-15.000 Yos 070 070 09 0% 09 09 09% 0% 09 0% 0% 09
Ovor 15,000 ves 105 105 131 131 131 13 131 13 13 13 o
Waler & Sower 0-12.000 Yes 254 254 280 280 280 280 280 280 280 280 280 280
12,000-15.000 ‘No 070 070 0% 0% 09 09 095 09 0% 09 09 09
, Over 15000 Yo 105 105 131 131 13 13t 131 13 3 1 13
SI. Pole Walor 0-10,000 Yos 098 098 098 09 098 09 107 107 107 107 107 107
10,000-20.000 No 103 103 103 103 103 103 L2, w2 k2 w2 w2z W2
Over 20,000 No L3 L3 L3 mlom3 w3 oz o owar wa war a
Watet & Sower 010,000 Yos 198 198 198 98 198 198 243 243 243 243 243 243
10,000-20.000 No 203 203 203 203 203 203 248 248 248 248 248 248
20,000-30.000 No 143 113 w3 113 w3 13 253 253 283 253 283 283
30.000-40.000 No 113 113 L1 w3 w3 w3 w7 w7 o war wr
Over 40.000 No 113 143 1@ w3 w3 ow3 o war w7z vz Wz W
Sping Ml Wolor Uniform Yos 074 074 074 074 074 074 074 074 074 074 074 074
Woler & Sawor 010000 Yo 337 340 340 340 340 340 340 340 340 340 30 240
Over 10,000 No 074 074 074 ©074 074 074 074 074 074 0J4 074 04
lompa wator 09724 No 061 D081 081 077 077 o; 0oy ok om0 o1 On
Over 9,724 No 06l 061 061 077 077 01 125 125 125 125 125 125

Wator & Sower 191 Block Yo 221 221 am 23 2w 23 23 23 231 23 2y 2% L 0

2nd Block Yos 221 221 221 237 237 237 - 285 28 285 285 285 285 o T

Venico Wolor Unilorm Yos 191 190 191 181 191 19 235 235 236 235 235 235 m 5

Wolor & Sower Uniloim Yos 418 418 418 418 4l 4\’ 514 514 514 54 514 514 5

Winter Hoven Woler Uniform Yo 074 074 074 074 074 074 074 074 014 074 074 074 )

- Wolet & Sowor Undiotm Yos 233 243 233 233 233 233 233 233 23 233 23 2}

*For Non-tosidonticl cusiomors muliiply by 1.16
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Tablo A-1. Combinad Woler and Sower Pilcas

Blocks Commotclal '

Uldily Senvice Galons/Month ncludod  JU-90  Aug90 Sep90  Ocl-90  Nov-90 Dec-90  Jon9! Feb9l Mor91 Ape-91 Moy-9l Jun-91

Biodenlon Waoler 0-3.000 Yeos 1.22 1.22 1.22 1.22 1.22 122 1.22 122 .22 1.22 122 122

Ovor 3.000 Yes 1.74 114 1.74 1.74 174 174 174 1724 1.74 1.74 174 1.74

Walor & Sowor 0-3.000 Yeos 237 2.3 .37 237 237 237 2.37 .37 237 237 237 237

3.000-25.000 Yes .42 3.42 J.42 3.4 J3.42 3.42 3.42 3.42 .42 J.42 J.42 d.42

Over 25.000 No 1724 1.74 174 1.74 1.74 1.74 1.74 1724 174 1.74 1.24 174

Iillsborough  Waler Uniform Yes 145 1.45 1.45 1.58 1.55 1.85 1.55 1.55 155 1.55 1.55 1.55

Walo! & Sowor 0-8.000 .Yos 5.556 5.55 5.55 6.35 835 6.35 6.35 6.35 6.35 635 6.35 6.35

Ovor 8,000 No 1.45 1.45 1.45 1.85 1.55 1.55 1.55 1.58 1.55 1.55 1.65 1.5

Lakelond Waoler 0-2,000 No 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00

Over 2,000 Yos 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85

Waler & Sower 0-2.000 No 1.25 125 1.25 134 1.34 1.34 134 1.34 1.4 124 1.34 1.34

2.000-8.000 Yos 2.10 2,10 2.10 yal 2.19 219 2.19 2.\¢9 2.19 219 2.19 2.19

Over 8.000 No 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85

Loko Plocld _ Water& Sowor __ 0-5000 No 000 000 000 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.0

T v Ovor 5,000 N6 060 080 080 080 - 080 080 — 080 080 060 080 080 080~

Mounolee Waler 0-15.000 Yeos 0.96 0.956 0.96 0.9 096 0.96 0.96 0.96 0.96 0.96 096 0.96

Over 15,000 Yos 1.31 L3 1.31 1.3 13 1. 1.31 1.31 (]} 1.3 1.31 1.31

Water & Sowot 0-12.000 Yos 2.80 2.60 2.60 2.60 280 |, 2.80 2.80 2.860 2.60 2.80 2.80 2.60

12,000-15.000 No 0.96 0.96 0.96 0.96 0.96 0.96 0.96 095 0.96 0.96 0.9 096

Over 15,000 Yeos (I3 131 1.3 131 1.3} 131 1.31 1.31 1.3 1.3 131 1.31

Si. Palo ‘Walor 0-10.000 Yos 1.07 1.07 1.07 1.08 108 1.08 1.08 1.08 1.08 108 1.08 1.08

10.000-20.000 No R Y 112 102 118 118 1.18 1.18 118 118 .18 118 118

Ovor 20,000 . No 147 (A} 117 128 1.28 1.28 1.28 120 1.28 1.28 1.28 1.28

Woter & Sewer 0-10.000 Yos 2.4) 243 2.4) 255 2.55 2.55 255 2.55 255 255 255 2.55

10.000-20.000 No 2.48 2.48 248 2.65 265 265 2.65 2.65 265 2.65 2.65 265

20,000-30.000 No 253 253 2.53 2.75 275 2.75 275 2.75 275 275 218 2.75

30.00040.000 No L7 117 .17 2.75 2.75 2.75 225 2.75 2.75 275 275 2.75

Ovet 40,000 No 117 2 7 1.28 128 -1.28 1.28 128 128 128 1.28 128

Spiing HIN Woler Uniform Yes 0.74 0.724 0.74 0.74 0.74 0.74 0.724 0.74 0.74 074 074 0.74

Waler & Sowor 0-10.000 Yos* J3.40 3.40 3.40 3.40 3.40 .40 3.40 .40 3.40 3.40 .49 3.49

Over 10,000 No 0.74 0.74 0.74 074 0.74 074 0.74 0.74 0.74 0.74 0.74 0.74
Tompa Walot 09,724 No 0.77 0.77 0.77 0.77 0.77 0.77 077 .77 0.77 0.77 0.77 0.77 o
Over 9,724 No 1.25 1.25 1.25 1.25 1.25 1.25 1.25 125 125 1.25 1.25 125 3
Walar & Sewar 15l Block Yos 237 237 2.37 237 237 237 237 237 237 2.37 23 3 O
2nd Block Yos 2.85 2.85 2.85 2.85 2.85 2.85 285 2.85 2.85 2.85 2.85 285 M

Vonlco Waoler Unlform Yos 2.35 235 235 235 235 235 2.70 2.70 2.70 2.70 2.70 270
Walor & Sewor Unitorm Yeas 5.14 5.14 5.14 5.14 5.4 5.14 5.91 591 59 591 591 591 o

winlot Hoven Waler Unlform Yeos 0.89 0.69 0.89 0.89 0.69 0.89 0.89 0.69 0.69 0.89 0.89 0.89
. Walor & Sower Unllorm Yos 2.83 283 2.83 2.83 283 . 283 283 2.83 283 2.8 283 283 0O

*for Non-tesidonlial custormers mulliply by 1.16
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Tablo A-1. Combinod Woler and Sewaer Pilces

Blocks Commerclal
Uldily Sorvice Gotons/Month Included 91 Aug?l  Sep9l Ocl9]1 Nov9l Dec-91 Jon92 Feb-R Mot-92  Apt-92 May92  Jun-92
Brodenton Waler 0-3.000 Yes 122 1.22 1.22 1.22 1.22 122 1.22 1.22 1.22 1.22 122 1.22
Over 3,000 Yes 1.724 174 1.74 1.24 1.74 1.74 174 174 1.74 1.24 1.74 174
Wolor & Sower 0-3.000 Yos 237 237 23 237 237 2.3 2.37 237 237 237 237 2.3
3.000-25.000 Yes .42 3.42 3.42 J.42 3.42 .42 3.42 .42 342 .42 3.42 3.42
Over 25.000 No 1.74 174 1.74 1.74 1.724 1.74 1.74 1.74 174 1.74 1.74 V.74
tiisborough  Walor Unlform Yes 1.55 1.55 1.55 1.80 1.80 1.80 1.80 1.80 1.80 1.80' 1.80 1.80
Waolor & Sewot 0-8.000 Yes 6.35 6.35 835 705 105 7105 1.05 .705 705 105 705 105
Over 8.000 No 1.55 1.55 1.5 1.60 1.80 1.860 1.80 1.80 1.60 1.60 1.80 1.80
Lokeland Waler 0-2.000 No 0.00 0.00 0.00 0.00 0.00 0.00 0.00, 0.00 0.00 0.00 0.00 000
Over 2.000 Yes 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Walor & Sewor 0-2,000 No 1.34 1.34 1.34 [ 1.34 134 134 134 134 1.34 1.34 1.34
2,000-6.000 Yos 219 2.19 219 219 2.19 2.19 2.19 219 p AL 219 219 2.19
Over 8,000 No 0.85 0.85 0.85 0.65 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
~-———="=lcke Placld—Waolet & Sewot - 0-5000~~—— —No—--000----0.00—— 0.00-——0.00= 0.00—-0.00 000——000_ 000 —.-000 000 000 _
Ovor 5.000 No 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 o0 /0 T/
Monaloo Waolor 0-15.000 Yes 096 096 0.96 09 0.96 0.96 0.9 096 0.96 096 096 096
Ovor 15.000 Yos 1. 13 131 1.3 1.3 | D 1 I PR ) | [} w L]
Wolor & Sewor 0-12.000 Yos 2,80 2.60 2.60 2.60 2.80 2.80 2.80 +2.80 2.80 2.60 2.80 2.80
12,000-15.000 No 0.96 0.96 0.96 0.96 0.9 0.96 0.96 0.96 096 096 0.96 096
. Over 15.000 Yes 131 1.3 1.1 (1} 13 1.3 o [ J 1] (1] L3 (1 [Ix]]
Si. Pole Wolot 0-10,000 Yeos 1.08 108 1.08 1.6 116 116 1.16 1.186 L6 1.16 1.16 1,16
10.000-20.000 No 1.18 1.18 118 1.26 126 1.26 1.26 126 1.26 128 1.26 1.26
Ovor 20.000 No 1.28 1.28 V.28 136 136 136 136 138 138 136 136 1.36
Woalor & Sowor 0-10.000 Yeos 2.55 255 2.55 2.88 2.88 2.88 2.88 2,88 2.88 2.88 2.88 288
11),000-20,000 No 2.85 245 2.65 298 298 298 2.98 298 298 298 298 298
20.000-30.000 No 275 2.75 275 .08 308 3.08 .08 .08 3.08 o8 308 3.08
30.000-40.000 No 275 2.25 275 308 308 3.08 3.08 J.08 J.08 3.08 3.08 J.08
Over 40.000 No 1.28 V.28 1.28 Jeos Jos 3Jos 3.8 .08 3.08 .08 3.08 J.08
Spiing Hill Woler Undlorm Yos 0.74 0.24 0.74 074 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
Woter & Sewur 0-10.000 Yos* 3.49 .49 3.49 349 J.49 3.49 3.49 3.49 349 .49 .49 .49
Over 10.000 No 074 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 - m
Tainpa Waler 0-9.724 No 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 > 3
Ovor 9.724 No 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 125 125 1.25 1.28 (6] x
Wolot & Sowot Ist Block Yeos 23 237 237 237 237 23 2.3%7 237 237 2.3 2397 .37 m a
2nd Block - Yos 2.85 2.85 2.85 285 2.85 2.85 2.85 2.85 2.85 2.85 2.85 285 _':'_|
Venlco Woler Uniform Yos 2.70 1270 .2.70 2.70 . 2.70 2.70 284 284 2.84 284 264 2.64 .
Wolor & Sowor Unilotm Yos 591 5N 591 591 591 5N 6.2\ 6.21 8.21 6.2) 6.2\ 6.2}
winlor Haven Waler Unlfosm Yos 0.89 0.89 0.89 0.89 099 099 0.99 0.9 0.99 0.9 0.9 0.9 B4
‘Wolor & Sowur Untform Yos 283 .2.83 2.83 2.8 359 . .59 .59 359 359 .59 359 .59
*For Non-tosidoniiul customors mulllply by 1,16 9]
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APPENDIX B

WEATI-IER DATA

To calculate net irrigation requirement (NIR) for turfgrass, we must calculate both
evapotranspiration (ET) and effective/[rain (ER). Researchers find that ET in Florida is best
estimated using a modified Penman e vation by Jones et al' as presented in Table B-1. The
input into this energy balance equation includes maximum temperature, minimum temperature,
incoring solar radiation, and wind |speed. ER is the amount of rain- that satisfies ET
requirements. Because rain can be lost as runoff or can percolate past the rootzone of turf, not
all rain is effective at offsening ET. We use an empirical equation formulated by the United
States Agricultural Department-Soil CstervaLion Service? to estimate ER as shown in Table B-2.

|
'Jones, J. W., et al., Esrimated and Measured Evapotranspirasion for Florida Climate, Crops,
and Soils, Bulletin 840, December 19‘34.

ensen, M. E., R. D. Bumman, and R. G. Allen editors, Evaporranspirarion and Irrigation '
Water Requirements, ASCE Manuals and Reports on Engineering Practice No. 70, New York,
pp. 67-68, 1990. :

i
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EXHIBIT (Pui=3)

: PAGE 109 OF 153

B-2 | - J

Table B-1. Penman ET Equation _]
ET, = K. * ET, ]
ET, = | )
-—A——[(l -a)R, -o(T, | +273)4(0.56 -0 08\/?4)(1 425i-o 42))/2 J
A +y ] c‘w ° * & *
+—Y[0.263(e, ¢ )(05+0.0062:,)] -
)
where, |
ET. = ET for wurfgrass (mm/day) ]
K. = crop coefficient for rarfgrass = 1, given albedo = 0.23
ET, = ET for reference crop (mm/day)
A = slope of saturated vapgr pressure curve of air (mb/°C) ]
- = 33.8639 [0.05904 (0,00738*T,,. + 0.8072)" - 0.0000342)
b’ = psychrometric constant = 0.66 (mb/°C) _
o = albedo of green vegetja1 d surface = 0.23 ]
R, = incoming solar radiatiqn (cal/cm?/day)
c = Stefan-Boltzmann constant = 11.71 x 10* (cal/cm,/day/°K)
Tam. = minimum temperamrei‘(°C) ]
Tox = maximum temperature; (°C) ’
Twe = (T + T2 (°C) .
Con = vapor pressure at minimum temperature (mb) ]
= 33.8639 [(0.00738*Tom + 0.8072)" - 0.000019(1.8*T_, + 48) + 0.001316]
[ vapor pressure at maximum temperamre (mb) .
= 33.8639 [(0.00738*T + 0.8072)" - 0.000019(1.8*T,,, + 48) + 0.001316) ]
8ye = average vapor pressure (mb) = (o +ema) / 2
A = latent heat of vaporization of water (callem?/day) = 59.59-0.55*T,,, 1
u, = wind speed at a height of 2 meters (kn/day) .
R, = cloudless solar radiaﬁ?n (cal/cm?/day) at following latitudes
Lat Jan Feb Mar Apr l:May Jjun Jul Aug Sep Oct Nov Dec .l
27°30" 429 572 615 717 342 787 750 703 649 540 462 397
28°00" 424 567 612 716 42 788 751 703 646 536 457 392 ]
28°30° 419 563 609 715 742 789 752 703 644 532 452 387

i
I
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Table B-2. USDA-SCS ER Equation ||

‘ EXRIBIT

(1AL -3)

B-3

ER =  f(D)*(125*RAIN®®* - 2.93)*10%"*™
where, :
fDb) = adjustments for normal! depth of water depletion in soil prior to irrigation
ER = effective rain for montll (rmm)
RAIN =  rain for month (mm) |
= ET for month (mm) |

The f(D) term adjusts for water depletion depths different than 75 mm. Smaller depletion depths,
which mrf certaintly has, allow for less rainfall 1o become effective. The adjustment term is
defined using the equation defined below.

D)y =

where,
D =

0.53"+ 0.0116*D - 8.9

*10°*D? + 2.32#107*D’

normal depth of depleTn prior to irrigation (mm)

|

To estimate D, we used the followinﬁ equation from Keler and Bliesner™:

MAD/100 * W, * Z ‘

capacity of soil (mm/m)

D =

where,

MAD = management allowed deficit (%)
W, = available water holding

z = effective root depth (m)

Assuming MAD = 50%, W, = 42 for deep sand soils and 125 otherwise (sandy loams), and

Z = 0.15, then D = 3.15 mm with d

pep sand soils and 9.375 mm otherwise. Inserting these

values into the adjustment term results in f(D) = 0.565 and 0.631 for deep sand soils and other

soils respectively.

*Keller, J., and R. D. Bliesner, Spﬁnkle and Trinkle Irrigation, Van Nostrand Reinhold, New

York, pp. 28-33, 1990.
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EXHIBIT £ AN-3)
Tabie -3 PAGE_IDS OF _ 153

BRADZNTON AND MANATEZ : ]
MAX MIN ET  EFFECT NIT i
RAIN TEM? TEMP || PENMAN RAIN IRR RZQ .

MONTE Inches F r Inches Inches Inches
Jul-68 12.94 91.0 73.0 §.70 §.64° 0.06 l
Aug-88 13.63 22,0 7.0 4.44 §.44 0.00 -
Sep-88 15.57 99.0 75.0 5.89 3.89 0.09
Oct-88 0.58 85.0 62.0 3.22 0.20 3.02
Nov-88 5.15 81.0 61.C 2.41 1.8¢8 0.57
Dec-88 0.92 73.0 s:.C 1.6 0.33 1.28 -
Jan-89 2.66 78.8 55.9 ©1.98 0.99 6.99
Feb-89 0.13 77.0 53.8 2.57 0.00 2.57
Mar-89 2.97 80.9 $9.4 3.4 1.18 2.22
Apr-89 1.38 83.9 60.1 4.27 0.59 3.68 -
Kay-89 2.44 88.6 66.9 5.15 1.09 4.06 -
Jun-89 9.06 91.7 71.6 4.69 3.42 1.28
Jul-89 9.82 93.0 73.1 4.96 3.72 1,25 ]
Aug-89 7.99 93.6 73.2 4.32 3.00 1.32 .
Sep-89 13.40 91.6 73.0 3.70 3.70 0.00
Oct-89 1.26 85.5 65.7 2.88 0.50 2.38 N
Nov-8% 0.39 8.9 $8.9 2.03 c.18 1.84 ];
Dec-89 §.47 1C.0 46.9 1.43 1.43 0.00 *
Jan=-90 5.29 78.7 $5.0 1.68 9.¢5 1.63
Ted-9C 4.87 83.2 £8.5 z.40 1.49 0.9:
Maz-5C 1.C3 §:1.4 €7.5 3.39 c.44 z.93 ]
Apr-9C 1.33 84.6 60.0 4.00 0.56 3,44 .
May-90 1.9: c.4 66.6 5.68 c.89 ¢.79
Jun-92 e.7¢ 92.2 7.2 4.75 3.3% 3.44 .
Jul-9¢ 8.55 92.4 73.2 $.46 3.2: 1.25
Aug-292 6.62 93.7 3.7 4.76 2.6 2.18
Sep-92 3.39 92.53 72.1 3.90 1.37 2.%2 ’
Ocz-92 7.1 §7.7 61.2 3.16 2.56 0.6 )
Kov-8C - 2.85 8:.2 58.6 2.37 1.06 1.16 i
Dec-90 2.05 78.3 54.3 1,89 0.77 1.3 7
Jar-81 3.79 77.1 57.6€ 1.88 1.36 c.52
Feb-91 1.28 76.2 54.3 2.64 0.47 2.37
Maz-91 1.04 76.7 57.5 2.82 0.40 2.42
Apz-91 4.57 85.9 64.8 3.95 1.80 2.18 ]
May-91 2.39 85.6 65.9 3.89 3.37 0.52 -
Jun-91 4.13 §i.3 7.7 3.6 1.64 2.3 -
Jul-91 18,62 92.0 33.5 §.25 3.717 ¢.27
Aug-93 8.18 9z.2 2%.: ©4.19 3.04 1.15 ]
Sep-91 2.7 9Z.4 72.3 3.36 1.10 2.26 .
Ccz-92 1.2: 86.6 65.5|| 2.85 - 0.48 2.37 &
Nov-93 .06 7.1 54.9 1.89 £.90 1.89 o
Dec-951 0.44 78.5 53.9 1.64 0.12 1.51 I
Jan-92 0.98 72.2 48.4 1.59 0.35 1.24
Ten-02 7.13 76.4 54.3 2.1 2,13 0,00
Mar-92 5.8 7.7 $5.8 2,95 1.53 1.62 .
Apz-92 2.93 84.5 61.2 3.60 1.18 2.41
May~92 0.15 88.7 66.6 4.66 0.00 $.66
Sur-92 22.3¢ 91.3 75.3 4,17 §.17 0.00
ML . c.C6 2.9 46.9 3.43 €. 9.5%
Max 22.34% §3.7 %.1! €.68 4.64 §.79
Average 4.96 84.8 €3.5! 3.33 1,87 1.66
Annual Ave $6.47 39.97 20.08 19.E9
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]
:3LLSBOROUGH
- MAX MIN £T  EFFZCT NET
= RAIN TEMP TEMP || PENMAN RAIN IRR REQ
¥, T MONTE Inches F v |l Inches  Inches  Inches
Jul-88 6.66 91.0 74.0 4.1 2,33 2,40
Aug-88 11,359 91.0 74.0 | 4.41 3.65 0.76
Sep-88 15.72 90.0 76.0 I 3.92 3.92 0.00
Ocz-88 0.27 84.0 63.0 I 3,22 0.c2 3.19
Nov-88 -7.60 81.0 61.0 §  2.39 2.30 0.09
Dec-88 1.36 74.0 $2.0 1.62 0.4¢ 1.18
Jan-89 3.55 77.3 $6.9 1.95 1,14 0.81
Feb-89 0.26 5.4 54.3 2.53 0.02 2.51
Maz-89 1.47 79.5 60.1 3.38 0.52 2.86
Apr-89 1.07 82.6 61.3 4.28 0.39 3.89
May-89 1.63 .89.7 67.1 5.29 0.65 4.64 .
Jun-89 14.03 91.1 3.6 4.74 4,44 0.30
Jel-89° 12.23 91.9 4.6 || 4.99 ¢.00 0.99
Aug-29 9.31 91.9 . 74.0 )  4.30 3.08 1.25
Sep-89 5.39 90.6 74.1 | 3.70 1.83 1.87 :
Oct-83 1.58 84.7 66.0 2.86 0.55 2.31 -
Nov-89 1,73 9.6 $8.1 1.96 0.57 1.39 by
Dec-82 6.93 66.% 45.8 1.34 1.3 0.00
Jan-9C .61 76.6 5.5 1.62 0.16 1.46
Feb-9C 4.18 72.8 59.5 2.37 3.38 1.02
Maz-ge 2.03 80.8 58.5 || -3.40 0.73 2.67
Apz-50 2.79 82.7 61.4 4.00 1.02 _2.98
May-9C 1.26 2.0 9:.0 || s.80 0.51 5.29
Jun-90 4.53 91.7 73.7 ] 4.83 1.6€7 3.16
Jul-90 12.28 91.3 73.7 0 4.4 3.90 0.55
Aug-90 9.46 52.7 75.0 | 4.28 3.37 1.62 .
Sep-90 3.60 92.4 73.1 3.93 1.29 2.64
0ez-99 2.2 87.2 68.9 3.15 0.72 2.45
~=, Nov-90 2.¢7 B:.5 58.9 2.16 0.69 1.47 -
Dec-90 0.27 78.1 55.6 1.90 0.02 1.87
{- ¥ dan-9: 3.23 75.6 57.7 1.82 1.04 0.79
W Feb-91 0.77 2.3 54.1 2.58 0.2¢ 2.34
Mez-91 5.10 77.1 77.1 | 3.16 1.69 1.47
Apr-91 3.92 8€.2 62.4 i  4.03 1.40 2.63
May-9: 10,34 89.3 72.6 i 3.9% 3.27 0.68
Jur-91 $.86 89.8 72.8 | 3.74 1.97 1.77
Jul-83 11,56 ge.? .8 | .01 3.61 0.40 .
Aug-91 10.03 91.2 75.2 .19 3.23 0.96 : ;
Sep-91 2.28 91.7 72.1 3.33 0.8 2.52 £ :
Ocz-91 1.0C 8.2 65.5 |f. 2.80 0.33 2,47 B
Nov-891 c.38 76.5 55.6 1.84 0.07 1.77
Dec-91 1.06 7%.9 54.3 1.55 0.33 1.22
San-92 -H 6%.2 59.6 ..52 .66 0.86
Feb-92 5.15 72.5 $4.6 2.01 1.60 0.41
Maz-92 1.68 2%.9 54.6 I . 2.84 0.55 2.29 .
Aps-92 3.69 82.9 62.8 :  3.58 1.29 2.29
May-92 1.18 88.9 68.9 4.75 0.45 §.31
Jun=-92 7.03 99.7 73.0 4.19 2.37 1.82
Mia 0.26 €6.8 4.8 1.3¢ 0.02 0.0%
Max 15.72 92.7 77.1 5.80 6.44 5.29
Average 4.66 83.7 64.8 3.33 1.49 .85
Annzal Ave €3.88 39.57 17.83 22.1%
ll
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LAYELAND ]
MAX MIN £T  EFFECT NET
RRIN TEMP TEMP | PENMAN RAIN IRR REQ
PONTHE Iaches ¥ )2l Inches Inches Inches
Ju1-88 13.77 94.0 72.0 4.90 4.41 0.49 ]
Aug-88 10.93 94.0 74.0 || 4.72 3.58 1.4
Sep-88 7.63 92.0 72.0 | 4.%1 2.52 1.49
Ocz-88 1.15 86.0 63.0 | 3.17 0.40 2.7 j]
Nov=-88 7.19 82.0 6:.0 | 2.19 2.16 0.03 ]
Dec-88 1.59 75.0 52.0 1.59 0.51 1.08
Jan-89 3.87 79.1 56.4 1.96 1.23 0.73
Feb-89 0.1¢ 79.3 53.2 2.51 0.00 2.51
Mar-89 2.89 83.7 59.4 3.39 1.02 2.37
Apr-89 3.64 86.7 60.7 4.28 1.33 2.96
May-89 1.11 93.1 66.3 5.43 0.43 4.99 .
Jun-8% 7.27 84.7 71.3 5.27 2.60 2.67
Jul-B9 4.82 5.0 72.8 4.43 1.12 2.1 :]
Aug-89 6.c2 95.6 73.2 s.21 2.19 3.02
Sep-89 15.18 93.2 72.6 4.18 4.18 0.00
Ocz-89 €.43 86.2 65.5 3.17 0.:0 3.07 i
Nov-89 1.48 80.4 $8.4 |  2.39 0.49 1.70 -
Dec-89 €.31 68.5 $5.1 | 1.40 1.40 0.cC
3an-9C 0.40 79.9 55.4 1.91 0.08 3.83
Feb-92 §.29 61.4 $8.7 2.59 1.40 1.9
vaz-9C 1.8 82.3 5.5 3.38 0.42 3.16 ]
Apz-90 P 84.9 60.7 §.21 0.42 3.79
May-90 5.49 9:.6 69.4 5.28 1.66 3.62 -
Jun-50 .24 83.9 72.1 5.32 2.59 2.72
Sui-90 7.66 94.0 73.2 5.C0 2.68 2.32 t]
Aug-90 6.35 94.4 _13.1 4.94 2.26 2.68
Sep-80 3.33 93.1 22.3 4.26 1.22 3.04
0cz-90 2.22 87.6 67.5 3.29 0.79 2.56
Nov=-90 0.86 §0.2 59.4 | 2.24 0.27 1.97
Dec-90 0.35 7.2 56.9 . 1.69 0.06 1.63
Jan-91 3.22 7.0 £5.1 01 1.78 1.00 0.78 )
Feb-9. 0.5 76.0 53.8 |  2.26 0.16 2.10
Maz-S1 2.47 8.7 58.4 . 3.13 0.87 2.26
Apz-91 5.34 87.2 65.8 ! 4.24 1.87 2.38 ‘]
ray-91 10.65 9C.9 70.6 M 3.51 1.25 )
Jun-92 5,22 92.9 7.2 5.18 1.93 3.28
Sul-9% 13.23 92.4 73.2 4.56 $.18 0.38
Auve-91 £.46 93.3 73.8 <4.76 1.96 2.80
Sep-31 2,68 92.6 72.4 §.32 1.00 3.32
0zz-92 €42 8s.2 65.7 3.48 1.81 ° 1.66 2
Nov-0i .10 5.6 55.7 2.01 0.00 2.01
Dec-91 0.43 . 76.C 55.8 1.67 0.09 1.57 ]
Jan-92 1.40 2.4 $0.0 |, 1.66 0.¢8 1.18
Feb-92 s.1: 76.3 55.0 | 2.26 1.61 0.65
Maz-92 1.3 79.8 56.6 | 3.33 0.39 2.94
Apz-92 3.87 86.2 61.8 ! 4.17 1.33 2.8 ' J
Kay-92 1.47 91.4 67.6 5.35 0.58 §.77
Jun-92 13.99 23.6 .4 4.7 4.18 0.55
I
Kin 9.10 66.5 45.1 1.40 0.00 0.00 ]
Yax 15.18 95.6 2.0 5.43 4.42 4.99 R
Average 4.48 85.6 €2.7 3.58 1.48 2.10
Annual bve £3.72 42,29 17.78 £.22
]
i
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Table B-3
LAKE PLACID

MAX MIN £T EFTECT NET
T RAIN TEMP TEM? i‘m’}\ﬁ RAIN IRR REQ
~ MowtE Inches 7 3 ches  Inches  Inches
Jul-88 9.29 82.0 69.0 £.73 3.50 1.23
Aug-88 10.20 02.0 70.0 4,51 3. 0.77
Sep-88 2.431 91.0 5.0 3.89 1.00 2.89
Ocz-88 1.81 86.0 55.0 2.7¢ 0.7 2.04
Nov-88 3.80 82.0 59.0 ‘1.9 1.36 0.55
Dec~-88 1.73 76.0 49.0 1.52 0.64 0.88
Jan-89 2.03 79.9 51.4 1.80 0.76 1.05
Feb-89 0.33 78.6 48.0 2.24 0.07 2.17
Kar-89 4.11 82.6 55.9 3.01 1.56 1.46
Apr-89 2.98 87.1 55.6 3.86 1.22 2.64
May-89 2.2 91.9 60.6 4.63 0.96 3.67
Jun-89 4.7% 93.9 67.1 4.59 1.95 2.64
Jul-89% 7.60 .983.5 68.8 4.69 2.94 1.76
Aug-~89 7.80 93.2 68.8 ' 4.37 2.95 1,42
Sep-89 8.10 91.9 69.8 §.01 2.99 1.02
Ocz-89 4.35 86.1 63.1 3.05 1.64 1.41
Nov-89 0.357 82.3 £5.8 12.07 0.36 1.7
Dec-89 2.5¢4 69.5 43.2 :31.38 0.91 0.47
Jan=-90 2.21 79.7 £3.6 1.88 0.82 1.06
Ted=-90 3.27 8:.3 6.6 2.45 1.23 1.22
Mar-83 1.79 §3.2 54.6 3.42 0.73 2.69
—  Apr-$%0 1.34 84.8 55.8 4.09 0.57 3.52
May-390 1.72 9:.5 64.9 4.99 0.77 4.22
Jun=-90 9.20 93.1 67.3 4.89 3.50 1.39
Jui-90 10.89 83.2 7:.0 £.05 4.08 0.97
Aug-90 9.40 93.9 68.5 4.79 3.55 1.24
Sep-90 3.88 92,2 69.3 4.15 1.57 2.58
Cez-90 0,33 87.7 65.3 3.13 0.18 2.96
Nov-9C C.43 2.7 5€.3 2.3 0.13 2.C0
ec-90 1.01 79.1 51.3 1.64 0.37 1.27
an-91 5.17 8.3 5.4 1.83 1.79 0.04
feb-91 1.48 77.8 5C.5 . 2.68 0.58 2.10
Mar-91 4.6 8i.7 54.7 3.61 1.78 1.83
Apz-91 2.03 87.5 62.1 4.78 0.89 3.89
May-32 s.87 80.¢ 67.3 - 5.38 2.44 2.94
Sun=92 7.37 92.3 69.2 5,08 2.92 2.16
Jul-91 B.66 92.3 0.2 4.47 3.25 1.23
Aug-91 7.3% 93.5 70.2 .63 2.85 1.7
Sep-91 4.70 9:.4 €8.7 §.14 1.87 2.28
Oct-81 2.98 8¢€.2 65.9 3.49 1.19 2.30
Nov-91 0.86 78.2 54.2 2,06 0.31 1.75
Dec-91 0.s8 - 78.0 £3.6 1.69 0.321 1.38
Jan-92 0.36 73.1 6.7 1.68 0.08 1.60
Fed-92 4.73 78.3 sl 2.28 1,69 0.58
Yar-92 2.2¢ 79.7 52.5 3,23 0.91 2.32
Apr-92 £.51 86.1 56.4 - 4,01 1.93 2.08
May=-92 3.84 90.6 €3.0 ' 8.1} 1.65 3.46
sun~92 15.77 92.6 67.9 4.59 4.59 0.00
Kia 0.33 €8.5 43.2 1.38 0.0? 0.00
Max 18,77 93.9 7.0 5.38 4.59 4.22
Average 4.30 es.8 60.4 3.47 1.62 1.85
Aanual Ave 82,65 - 41.60 19.48 22,18
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§T. PETERSBURG | ]
MAX MIN ET  EFFECT NET
RAIN TEM? TEMP || PENMAN RAIN IRR REQ
MONTH Inches ¥ F Inches Inches Inches
Jul-88 7.65 89.0 77.0 4.79 2.97 1.82 - ]
Aug-88 10.28 92.0 77.0 4.54 3.75 0.79
Sep-88 25.51 §9.0 76.0 i 3.96 3.96 0.00
Ocz-88 0.30 82.0 68.0 | 3.36 0.06 3.30
Nov-88 6.9¢ 78.0 66.0 |l 2.49 2.40 0.09 ]
Dec-88 .67 71.0 56.0 | 1.65 0.23 1.43
san-89 1.98 75.3 6i.1 || 2.00 0.75 1.25
Teb-89 0.43 73.1 56.2 | 2.56 0.12 2.4¢
Maz-89 2.47 7.2 62.2 | 3.39 1.00 2.39
Apr-89 0.35 81.1 66.0 | 4.41 0.09 §.32
May-89 1.05 86.1 71.6 |, 5.40 0.47 4.93 -
Jun-89 8.46 88.5 5.3 || 4.72 3.23 1.50 -
Jul-89 172 90.8 77.8 |ji 5.08 3.04 2.04 ]
Aug-89 5,73 9C.5 77.1 || 4.36 2.25 2.11 .
Sep-89 7.70 85.8 726.4 | 3.72 2.8 0.91 .
Oc=-82 1,52 82.3 69.4 [ 2.88 .60 2.28 y 7
Nov-89 1.68 1.2 62.6 | 1.97 0.64 1.33 J’
Dec-83 2.92 65.2 ¢8.9 | 1.35 1.04 0.31
. 5an-9C 0.47 73.2 $7.5 || 1.56 0.14 1.42
Fed-90 5.38 76.C 61.3 || 2.33 1.89 0.44
Maz-90 3,17 77.4 .63.0 ) 0.48 2.37 J
Apz-90 0.69 79.9 —65.7 | 4.06 0.27 3.79
May-20 1.95% £6.5 73.2 | &.82 0.91 4.9:
Jun-25 1:.202 89.3 75.6 | 4.82 4.07 0.75 -
Jul-99 7.5 89.6 76.1 4.47 2.89 1.58
Aug-90 5.44 85.8 7.7 | 4.8 2.1 2.60 '
Sep-90 1.84 89.0 76.6 | 3.95 0.78 3.18
Ocz-90 1.28 8¢.: 7:.8 | 3.20 0.52 2.68
Nov=-90 0.88 78.0 . 63.6 |, 2.:8 .32 1.86
Dec-90 0.2¢ 75.2 58.8 | 1.96 0.02 1.94
Jan-91 6.20 73.3 60.3 | 1.82 1.82 0.00 :
Feb-9i c.s% 72.% 7.8 || 2.63 0.18 2.44
Mazr-91 1.07 4.6 6.6 | 3.04 0.42 2.61
Apz-93 2.1 83.3 69.7 |' 4.03 0.89 3.14 ]
May-92 7.16 8.3 74.5 | 3.92 2.67 1.25
Jun-31 2.24 £9.3 76.3 | 3.78 1.2 2.66
. Jui-91 10.57 9C.4 77.3 | .4.08 3.7 0.32
; Aug-33 6.47 89.9 78.1 | 4.25 2.49 1.76 ]
: Sep-9: €.21 89.4 76.4 | 3.36 2.29 .07 ;
? Ocz-91 1.08 82.5 70.4 | 2.85 c.42 2.42 ¢
Nov-91 0.20 73.8 se.3 1.82 0.00 1.82 g
Dec-8i 0.62 73.6 $8.0 | 1.56 0.20 1.36 :]
Saz-92 2.89 67.2 53.2 1.50 1.01 0.49
Teb-92 4.3 7.6 57.6 | 2.02 1.60 0.41
Maz-92 2,45 %.1 $9.6 |  2.92 0.95 1.97 -
Apr-92 2.89 80.8 66.6 3.61 1.17 2.45 ;
May=92 c.22 86.0 2.1 4.79 0.c2 4.1 _
Jun=92 6.94 88.8 75.8 | 4.21 2.64 1.57
vin .20 65.2 ¢8.9 |, 1.35 0.00 0.29 :
Max 25.53 92.9 78.1 | 5.82 4.07 4.93
Average .08 81.§ 68.0 3.36 1.41 1.96 -

Annuali Ave 46.99 40.35 . 16.89 23.46 -
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SPRING EILL :
-~ MAX MIN | ET  EFFECT NET
-} RAIN TENP TEM? ||| PENMAN RAIN IRR REQ
T.HONTE Inches r ¥ ||l 1nches  Inches  Inches
Jul-88 5.18 93.0 67.0 §.57 1.85 2.72
a:;-:s 8.01 93.0 67.0 §.24 2.67 1.57
Sep-88 18.35 $2.0 66.0 3.72 3.72 0.00
Ocz-88 0.78 87.0 52.0 2.1 0.25 2.52
Nov-88 3.6) 83.0 $1.0 1.9¢ 1.15 0.78
Dec-88 1.82 5.0 §2.0 1.43 0.58 0.84
Jan-89 2.60 79.0 47.8 1.73 0.84 0.89
Feb-89 0.70 79.3 44.7 i 2.21 0.21 2.01
Mar-8% 1.84 80.8 52.2 | 2.85 0.64 2.30
Aor-8% 2.70 84.7 52.7 3.26 0.95 2.32 .
May-89 2.81 e8.9 58.2 4.75 1.07 3.68
Jun=-89 8.23 92.4 69.2 3.60 2.63 0.96
Ju1-89 5.59 92.4 7.6 §.98 2.03 2.95
Aug-89 7.20 81.8 70.9 4.50 2.47 2.03
Sep-82 9.7 91.4 7:.3 3.46 3.02 0.44 ;
Oc:-69 1.63 84.5 6.6 2.69 0.56 2.13 i
Nov-89 2.92 79.2 53.9 1.79 0.94 0.85 3
Dec-69 5.69 63.0 38.1 ‘ 1.20 1.28 c.00 .
Jan-93 2.32 3.5 48.7 1,81 c.76 1.08
Tes-5¢ 5.6% 78.9 54.B 2.16 1.% -0.42
Maz-95 3.5¢ -81.2 $4.4 - 3.07 1.28 1.87
Apz-9C 0.47 84.9 £7.8 4.19 0.13 5.07
May-90 0.86 91.4 67.3 §4.56 — ©.31 §.25
Jun-96 6.75 93.7 71.4 §.66 2.35 2.3
Jel-99 14.89 93.5 73.6 §.41 4.41 0.00
Aug-9C 3.73 94,1 73.6 §.24 1.35 2.8%
Sep-90 4.09 93.9 7C.4 3.89 1.44 2.44
Oez-5C 3.69 88.5 65.6 2.98 1.25 1.7
- 0.9 83.2 56.2 | 2.12 0.30 1.82
0.36 79.4 53.0 1,79 0.06 1.73
3.59 76.6 $5.9 | 1.78 1.34 0.66
1.67 76.5 52.0 2.22 0.56 1.66
£.95 79.2 54.8 2.54 1.62 i.32
5.38 87.5 64.4 3.86 1.84 2.02
7.50 81.8 69.2 4.56 2.36 2.0C
4,98 9.7 70.1 4.50 1.78 2.72
10.:0 §2.7 74.3 4.08 3.23 0.85
11.97 93.4 3.9 an 3.66 0.05 .
3.35 93.7 70.4 3.35 1.1 2.18 B
1,59 86.8 62.3 1 2.43 0.5 1.92 S
Nov-91 0.67 79.8 52,7 1.87 0.19 1.68 :
Dec-91 1.27 78.8 51.3 1.57 0.41 1.16
San-92 1.34 73.9 43.7 1.56 .43 1.33
Feb-92 3.95 76.2 51.9 1.54 1.25 0.69
Maz-92 0.90 7.6 53.4 2.87 0.29 2.58
Apr-22 3.04 85.¢ £7.2 3.56 i.C8 2.48
May-92 0.75 89.5 63.4 4.72 0.26 §.46
Sun-92 6.09 92.5 69.2 4.36 2,52 2.24
|
Min 0.36 €3.0 38.1 | 1.2¢ 0.06 0.00
Max 18.35 94.1 74.1 $.98 4.42 4.46
Average 4.3? 8.2 59.9 3.16 1.3 1,78
Anzzal Ave £2.39 27.¢89 16.35¢ 21.28
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TAMPA i J
MAX MIN || ET  EFFECT NET
RAIN TEMP TEMP || PENMAN RAIN IRR REQ
MONTH Inches 3 F Il Inches Inches Inches .
. I
Jul-88 3.40 91.0 74.0 || 4.74 1.44 3.29 J
Aug-88 31,09 21.0 76.0 4.41 $.00 0.41
Sep-88 13.56 99.0 24,0 | 3.92 3.92 0.00
Oct-88 0.09 84.0 63.0 | 3.22 0.00 3,22
Nov-88 5.97 81.0 61.0 |' 2,39 2.08 c.30 ]
Dec-88 1.64 74.0 52.0 |! 1.62 0.61 1.01
Jan-89 1.54 77.3 56.9 | 1.95 0.58 1.37
Feb-89 0.41 15.4 54.3 || 2.53 0.11 2.42 .
Mar-89 1.79 28.5 60.1 | 3.38 0.73 2.65
Apr-89 0.7 82.6 61.3 |1 4.28 0.28 $.00
May-89 0.2¢ 89.7 67.1 | 5.29 0,03 5.26 -
Jun-89 2.41 91.1 73.6 |, 4.74 2.88 1.86 .
Jul-89 8.86 91,9 74.6 |, 4.99 3.41 1.58 ]
Aug-89 7.90 91.9 74.0 || 4.30 2.97 1.33
Sep-89 6.11 90.6 4.1 | 3.70 2.30 1.40 B
Ocz~B9 1.89 84.7 €6.0 1| 2.86 0.75 2.11 .
Nov-89 2.¢5 79.6 s8,1 1 1.96 c.7M? 1.19 ]
Dec-83 4.72 66.5 45.8 |. 1.34 1.34 0.00 :
Saz-90 0.83 76.6 55.5 |, 1.62 0.16 1.46
Teb~-3C 4.58 78.8 £3.5 | 2.37 1.65 0.71
Maz-9C 3.7 80.8 56.5 || 3.¢c 0.70 2.70 ]
Apr-80 1.47 82.7 61.4 | 4.00 0.62 3.38
May-8¢ 1.76 95.0 7.0 5.80 0.82 4.38
Jun-90 5.16 91.7 73.7 |, 4.83 2.1 2.72
Jul-90 10,91 9.3 73.7 |, 4.44 3.67 0.77
Aug=-90 3.27 92.7 75.0 || §.78 1.40 3,38
Sep-99 2.42 22.4 73.1 | 3.93 1.01 2.92
Ocz-9C 2.63 87.2 €8.0 | 3.15 1.04 2.1
Nov-93 0.66 1.5 58.9 || 2.16 0.23 1.93 .
Dec-90 0.12 78.1 55.6 | 1.90 0.00 1.90
Jan-91 2.41 75.6 57.7 " 1.82 0.89 0.93
Feo-93 0.41 7.3 54.1 }j 2.58 0.11 2.46
raz-91 1.27 77.2 77.1 3.186 0.51 2.65
Apz=-91 1.54 86.2 67.4 4.03 0.65 3.38
May-91 6.865 89.8 72.6 1 3.95 2.58 1.37 .
Jun-91 3.78 89.8 7z2.8 '] 3.74 1.50 2.24
Jui-91 9.92 89.7 74.8 | 4.01 3.55 0.45
Aug-91 7.35 0.2 78.2 v 4.18 2.1 1.42 ]
Sep-91 3.43 9:.% 725 || 3.33 1.35 1.93
Ocz-91 0.78 85.1 €3.5 || 2.80 0.29 2.51
Nov-91 0.3¢ 76.¢ 55,6 . 1.84 0.06 1.79
Dec-91 0,67 4.9 54.3 | 1.55 0.22 1.32 ]
Jan-92 1.47 69.0 52,6 | 1.52 0.54 0.98
Feb-92 3.67 72.% 54.6 | 2.01 1.33 0.68
Mar-92 c.9% 4.9 £4.6 | 2.8¢ 0.37 2.48
Apr-92 2.7 82.9 62.8 | 3.58 ‘.89 2.6% ]
May=-92 0.10 88.9 68.9 |i{  4.7% 0.00 4.5
Jun-92 7.63 9¢C.7 73.0 || 4.19 2.67 1.53
¥in c.c9 66.5 45,8 || 1.34 0.00 0.00
Fax 13.56 92.7 77.1 i} S.8C 4.00 5.26
Average 3.50 €3.7 64.8 ! 3.33 1,29 2.04
Annual Ave 41.98 1 39.97 15.48 24.49 ‘
i ]
i
| ]
|
| ]
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Table B-3

]
i

VENICE i
MAX MIN ET  EFFICT NET
Y RAIN - TEMP TEMP | PENMAN RAIK  IRR REQ
- . MONTE Inches T F___ Inches Inches Inches
Jul-88 5.04 89.0 73.0 i 4.64 2.0¢ 2.60
hug-88 8.78 92.9 77.0 ) 4.54 3.30 1.25
Sep-88 10.32 §5.0 81.0 . 4.3 3.68 0.64
Ocz-88 0.75 85.0 62.0 , 3.22 0.28 2.94
Nov-88 3.47 81.0 62.0 | 2.41 1.29 1.12
Dec-88 1.53 71.0 56.0 | 1.79 0.57 1.21
Jan-89 2.75 78.9 60.8 | 2.0% 1.02 1.07
. Feb-89 0.15 77.8 58.3 ., 2.69 0.00 2.69
. Mar-89 2.65 79.2 61.7 | 3.43 1.07 2.37
* Apz-89 0.59 81.7 62.9 |, 4.31 0.22 4.09 .
May-89 0.06 86.3 §7.7 ; S5.21 0.00 5.21
Jun-89 8.50 88.2 74.0 . 4.67 3.23 1.44
Sul-89 5.44 93.0 73.1 i 4.96 2.23 2.74
- Aug-89 5.53 93.6 73.2 | 4.32 2.18 2.14 .
Sep-69 8.78 91.9 78.5 . 3.87 3.18 0.69 ;
Ocz-89 1.86 85.5 65.7 | 2.88 0.7%4 2.14 P
Nov-89 0.98 79.3 59.1 : 1.98 0.36 1.62 :
Dec-89 4.12 67.1 47.1 ! 1.39 1.39 0.00 .
Jan-95 0.27 78.7 5.0 : 1.68 0.04 1.64
Feb-32 3.08 80.3 €g.5 | 2.40 1.13 1.27 -
Maz-9C 1.09 B.¢ §7.5 . 3.39 0.44 2.95
Apz-90 1.33 8¢.0 60.0 | 4.00 0.56 3.44
Kay-9C 3.9: 99,4 68.6 ' 5.68 0.89 4.79
Jun-90 8.70 92.2 71.1 . 4.78 3.33 1.44
Jul-90 8.55 92.4 73.2 ¢ 4.46 3,22 1.25
Aug-90 6.60 93.7 73.7 5 4.76 2.6} 2.15
Sep-90 3.39 92.3 72.1 ! 3.90 1,37 2.52
Ocz-90 7.:11 87.7 67.2 : 3.16 2.54 0.61
Nov-90 2.85 81.2 58.6~ 4 2.17 1.06 1.16
ec-90 2.05 78.3 54.3 | 1.89 0.77 1.13
San-31 3.79 7.1 57.6  1.88 1.36 0.52
Feb-92 1.29 76.2 4.3 1 2.64 0.47 2.17
Maz-92 1.0¢ 78.7 £7.5 | 2.82 0.40 2.42
hpz-91 8.8 8s.9 64.8 | 3.85 1.8 2.15
May-931 3.39 89.6 69.9 . 3.89 3.37° 0.52
Sun-91 §.25 9i.3 71.7 | 3.76 1.6¢4 2.13
Sul-91 10,62 92.0 73.5 | 4.05 3.7 0.27
Aug-81 8.18 92.2 74.1 1 4.19 3.0¢4 1.15
z Sep-51 2.7% 92.4 72.1 ' 3.3 1.10 2.26 +
Ocz-91 1.2 86.6 65.5 1 2.85 0.48 2.3 :
Nov-91 c.06 7.7 54.9 ¢ 1,89 0.00 :.89
Dec-91 0.44 8.3 53.9 . 1.6% 0.12 1.8
San-92 c.98 52.2 48.4 + 1.59 0.35 1.24
Feb-92 4.37 26.4 54,7 | 2.1 1.56 2.54
Mar-92 2.62 78.1 $7.9 | 3.00 1.03 1.97
Apr-92 1,63 62.¢ 62.2 , 3.56 0.68 2.88
¥ay-92 1.78 87.1 67.6 | 4.65 0.78 3.87
Sua-92 28,92 89.7 2.0 . 4.14 4.14 0.0
uin .06 €1. 4.1 1.39 0.20 .90
vax 25.9: 85.0 61.0 ' 5.68 4.34 5.21
Averace §.22 B4.S 64.5 i 3.35 1.48 i.B6
Annzal Ave £C.5€ Y 4C.23 e 22.5z
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WINTER HAVEN ;
MAX MIN ET
RAIN TEMP TEMP | PERMAN
MONTE Inches ¥ F ! Inches

s
Ju1-88 3.69 92.0 ‘ .84
hug-88 16.93 94.0 4.72
Sep-88 8.08 91.0 3.95
Ocz-88 1.27 85.0 3.18
Nov-88 7.81 82.0 2.23
Dec-88 0.91 75.0 1.65
Jan-89 2.62 81.3 2.11
Feb-89 ©0.32 80.0 2.51
Maz-89 2.20 83.9 3.41
Apz-89 3.80 86.8 4.38
May-89 1.44 90.4 5.52
Jun~-89 4.68 94.1 5.35
Sul-89 8,41 94.2 4.48
Aug-89 4.56 95.5 £.33
Sep-89 7.28 92.1 4.28
Ocz-39 .55 84.5 3.20
Nov-89 1.49 8s. 2.26
Dec-89 5.35 68.1 1.41
Jan-9C c.97 79.5 1.95
Teb-90 2.65 79.5 2.60
Mazr-90 3.¢c0 81.1 3.69
Apz-90 1.60 84.4 4.27
vay-8¢ 3.37 92.2 X 5,25
Jur-90C 0.47 92.9 : 5.18
Sui-90 10.93 95.2 i 4.91
Aug-99 5.00 82.3 4.73
Sep-90 2.16 91.3 " 4.12
0c:-9C 2.89 85.6 65.7 5.18
Nov-90 0.73 77.2 58.4 2.16
Dec-90 0.27 78.7 55.1 ¢ 1.72
San-831 2.89 72.6 $9.1 1.86
Feb-01 0.73 77.0 $6.0 2.32
Mar-3i 5.6 80.5 60.7 ! 3.15
Apr-91 §.42 BE.S 67.8 §.29
May=53 £.13 89.5 70.2;! 4.72
Sea=31 6.02 91.6 3.4 5.15
Sei-91 12.73 92.3 35.30 4.57
Aug-91 4.41 92.6 5.9 4,83
Sep-5: 3.3%8 91.4 7.9 §.39
Ocz-21 4.98 8s.5 64.6 3.45
Kov-91 ©.20 77.7 58,3 ; 2.10
Des-91 0.40 78.0 $8.7) 1.76
Jan-92 1.5¢ 71.6 £3.3" N
Feb-92 3.42 75.9 52,7 2.23
Mar-32 1,13 79.8 56.6 3.33
Apz-92 3.87 85.7 62.57, 4.18
May-92 1.4 %0.3 67.6 : 5.32
Jua-92 15.09 92.7 n.oy 4.69

i
vin .07 68.1 46,5, 1.4
Max 15.09 £.5 75,9 5.52
Average .03 83.3 64.7 3.60
Annuel Ave 48.49 i 3.8

EFTECT
RAIN
Inches

1.38
3.58
2.64
0.44
2.23
0.28
0.86
0.08
6.79
1.39
0.58
1.77
2.82
1.72
2.46
€.15
0.50
1.41
0.3
0.90
.07
e.60
1.30
3.25
5.62
1.81
0.82
1.0l
0.22
0.00
0.94
0.22
1.84
1.58
.85
2.18
§.05
1.63
1.2¢
t.68
0.00
0.08
0.5¢
1.12
c.39
1.39
0.58
6.1

NET
IRR REQ
inches

3.46
1.14
1.31
2.74
0.00
1.37
1.28
2.46
2.62
2.99
4.95
3.59
1.66
3.61
1.82
3.04
1.76
0.00
1.64
.70
2.62
3.67
3.94
~.93
1.29
2.92
3.32
2.27
1.94
1.72
0.92
2.10
1.31
2.7
2.86
2.97
©.52
3.21
3.6
1.7
2.310
1.68
.21
1.11
2.94
2.78
4.73
0.52

0.00
4.95
2.23
26.82
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' APPENDIX C
SINGLE-FAMILY TELEPHONE SURVEY AND RESULTS
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SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT

."‘~b TELEPHONE SURVEY QUESTIONNAIRE - SINGLE FAMILY RESIDENTIAL
IFICATION:

Name of Interviewer:

Time:

‘Date:

BC ID Rumber:

Na.me. Address and Phone Number of Person Interviewed:

O

con 0z
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SINCLE FPAXILY RESIDENTIAL

“
Hi, my name is , and I'm working with the Southwest
Florida Water Management District. I’'m oure you're aware of the potential
problems we face in supplying adequate quantities of water to the increasing
population of Florida. Well, we are involved in a study, the results of which
vwill better enable us to serve you in the future. What We are asking is about
five minutes of your time to answer a [ew questions concerning the way you use
water. The answers you give will be kept confidential. Will you please help us?

IF THE RESPONDENT IS NOT SURE OF WHAT SWFWMD IS, SAY:

*The - Southwest Florida Water Management District is .a gévernment agency
responsible for managing the water resources of our 16 county region. The
District does not gell water. It {5 only a regulatory agency.”

1IF THE RESPONDENT WANTS TO KNOW HORE ABOUT THE PURPOSE OF THE STUDY, SAY:

*The information will be used to try to determine how various factors, including
water rates, affect water conswmption.®

IF THE RESPONDENT REFUSES TO PARTICIPATE, SAY:

*I hope we haven't inconvenienced you too much. If you have any questions about
the water management district, or this survey please call 1-800-423-1476. Thank

youl*

QUESTIONS:

1. Do you live in a single family residence?
YES ____ ({(go to singde family questions)
NO ____ THEN ask, d t?

If Duplex _ , Townhouse

’

Apartment ________ or Condo . ., THEN

terminate interview. °I'm sorry, this survey is targeted towaxds
single family residential water users so this will conclude the interview. I
hope we haven’t inconvenienced you too much. If you have any questions about the
watol:r management district, or this survey please, call 1-800-423-1476. Thank
youl*
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2. Is your household (INDOOR) water service supplied by a water utility or
your own y‘ll? UTILITY OWN WELL ____ NOT SURE (RESTATE QUESTION)

. 5 oo
IF OWN WELL, TERMINATE INTERVIEW. °I’m sorry but this survey is targeted
towards utility supplied customers with metered uce so thic will conclude
the survey. I hope we haven’t inconvenienced you too much. If you have
any questions about the water management district, or this survey, please
call 1-800-423-1476. Thank youl*

3. Is your sewer gervice provided by a utility or your own septic tank?
UTILITY SEPTIC TANK NOT SURE
4. Do you use hoges and sprinklers or an in-ground sprinkler system to water

your lawn? R

IN-GROUND SPRINKLER SYSTEM (GO TO da & 4b}
(SXIP TO QUESTION 6).

HOSES AND SPRINKLERS OR DON'T WATER

Tpe e

. (circle one)
4.a. Has there been an in-ground sprinkler system since 19887 .YES NO NOT

SURE 1IF NO, ASX:

Approximately what month and year was it installed? Mo Yr

4.b. Does the sprinkler system have an automatic timer?
NO (SKIP TO QUESTION §S) YES _____IF YES, ASK:
Hag there been a timer since 19887 YES NO NOT SURE IF NO, ASK:

Apprqximat;ly what month and year was it installed? Mo Yr,

5. Is your sprinkler system connected to a reclaimed water system?

NO ______  (SKIP TO QUESTION 6). YES (GO TO Sa)

. (circle one)
S.a. Was it connected bafore 19887 YES NO NOT SURE IF NO, ASK:

Approximately what month and year war it connected? Mo Yr,

e

6. Do you have an irrigation well or pump?

NO _____ (SKIP TO QUESTION 7) YES (GO TO 6a)

6.a. Hag there been a well or pump since 19887
YES NO NOT SURE IF NO, ASK:

Approximately what month and year was it installed? Mo__ Yr

7. Do you own your home? YES" NO
IF NO, ASK: Is your water bill included in your rent?

YES No NOT SURE (RESTATE OQUESTION, I.E. "do you pay a
separate water bill in addition to your rent?*

8. Have you lived there over d years? YES NO

IF NO, ASK: How many years have you llved there? years?

3
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9. On average, how 'mny people live in your home? .
10. Do you have I swimming pool? (A KIDDIE POOL IS NOT A SWIMMING POOL)

NO

k;\_..l

(SKIP TO QUESTION 11) YES (CO TO 10a)

e . {circle one)
10.a. Has there been a pool since 19887 YES NO NOT SURE IF NO, ASKs -

Approximately what month and year was it installed? Mo Yr

11. Do you have a washing machine? YES _ No
12, Do you have a dish washer? YES NO i
13. Do you have a garbage disposal? YES NO

14. Have you ingtalled any water conserving devices in your tellets?
(TOILET DAMS, BRICKS, WATER BOTTLES, ETC.)

B

NO OR NOT SURE (8RIP TO QUESTION 15} YES IF YES, ASX:
Approximately what month and year were they installed? Mo Yr

15.. Have you installed water conserving showerheads? YES NO

NO OR NOT SURE {6XIP TO QUESTION 16) YES IF YES, ASK:

Approximately what month and year were they installed? Mo Yr.

!

e Veed bd b e e M ] b e e
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16. I'm going to read a list of ranges for market value of homes. If you can
estimate the market value of your home, please indicate in which range it

falls: . . “
{CIRCLE THE RANGE INDICATED)

a. < 40,000 '

b, 40,000 - 60,000 .
c. 60,000 - 80,000

d. 80,000 - 100,000

e. 100,000 - 130,000

£. 130,000 - 160,000 .

g. 160,000 - 200,000

h. 200,000 - 250,000

i. 250,000 - 300,000 -

3. >300,000
K. NOT SURE

17. The n;x: 1ist of values are for total household income before taxes and
other deductions. Please indicate which range best fits your total household

income:

(IF ASKED, INDICATE THAT STUDIES HAVE SHOWN THAT WATER USE IS RELATED TO INCOME.
ANY INCOME DATA SUPPLIED WILL BE USED FOR STATISTICAL ANALYSIS PURPOSES ONLY, IT
WILL NOT PASSED ON TO ANY OTHER GROUP OR AGENCY).

a. < 25,000

b. 25,000 - 40,000

c. . 40,000 - 60,000

d. 60,000 - 80,000

e. 80,000 - 100,000

£. 100,000 -~ 120,000 -
g. 120,000 - 140,000 :

h. 140,000 - 160,000

1. > 160,000

3. NOT SURE

THIS "IS THE END OF THE INTERVIEW. THANK YdU FOR YOUR ASSISTANCE IN BETTER
MANAGING FLORIDA'S WATER RESOURCES. IF YOU MAVE ANY QUESTIONS ABOUT THE WATER
MANAGEMENT DISTRICT, OR QUESTIONS ABOUT THIS SURVEY, PLEASE CALL 1-800-423-1476.
THANK YOU!

Lttt



Tablo C-1. Summary ol Singtu-Famly Home Telephono Survoy.

Count

! Qurostion Answor Bradonlon tiillsborough Lake Placld  Lokelond  Monalee  Spring Hill Si. Pale Tempa Venlce Winler Haven Tolal
[s]} Yes 0 125 109 100 85 135 182 181 166 40 121
: No 0 0 0 o} 0 0 0 0 0 0 0
Q2 Uldlty 0 125 1[4 100 84 135 182 181 166 40 1.212
Waell 1] 0 0 0 0 0 0 0 0 4] 0

Nol Sure V] 0 0 0 Ll 0 0 1} 0 0 1

Q Uitity 85 74 18 98 n ] 179 174 166 ° 21 894
Sapllc 2 48 4] | 10 126 0 4 0 19 301

Nol Swe 3 J 0 1 2 3 J 2 0 0 17

Q4 Hose 59 7 50 n & 43 100 125 148 25 762
In-Ground N 48 59 29 22 2 81 55 18 15 448

NONE 0 2 [} 0 0 0 0 0 0 0 2

QL No \ Q 13 25 13 8 10 19 22 1 o 130
Yos 19 33 M 15 14 81 62 J1 16 5 Jio

Q5 No 0 125 106 9 84 133 179 178 166 40 1.200
Yus 0 0 3 | ] 2 3 3 [+] 0 13

Qb No 38 115 23 96 39 98 67 136 112} 21 794
Yos 5 10 k1] J 43 7 15 42 52 11 410

Nol Sure 1 0 0 0 0 .0 1] 0 0 0 ]

Q7r No [ 1] 2 5 4 8 | 15 11 3 &6
Yos 84 108 107 94 80 127 160 163 155 37 1135

Qb No 2 4 ! 4 o' ? a 0 ] (] 22
Yes 0 0 [} 0 ] 0 |} 4] 0 0 2

r“’"' — ./’:"“
. . '-4(
— S Uy ed g v A M v v d M Lot

39vd

20 T
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lable C-1. Summary of Singlo Fomily lHome Telephone Survey.

o

Count
Queslion  Answer Brodonton Hllisborough toke Plocld  Lokelond  Maonalee  Spilng Hill Sl. Pete Tampa Venlce Winler Hoven Tola!
Q8 No 1 27 13 7 n KA] 24 9 1 2 178
Yos 79 98 9% N9 74 102 158 142 185 8 1.034
Q9 | 18 .3 25 7 10 114 26 39 3 12 205
? A4 4) 56 50 36 82 a1 70 Q0 16 545
J 8 28 16 18 4 8 34 kY] 20 ? 97
1 12 28 5 12 18 10 25 23 15 2 150
as 0 1 V] 0 0 0 1] )] 0 ] 1
5 9 13 [ | [ 3 12 1 [ 3 70
[ 0 é | 2 0 2 3 2 0 0 16
7 0 1 0 o 1 i 1 2 1 0 7
a 0 0 0 0 0 V] 0 0 1 (4] 1
9 0 | 0 0 0 0 0 0 0 0 1
Qo No 79 70 106 85 74 83 151 157 129 8 970
Yos 11} 55 3 15 11 52 N 24 7 4 243
Qn No 4 1] 1 0 3 ] 4 8 | ] 2
Yos a5 125 108 100 82 134 178 123 165 9 1,189
Q12 No 2 16 49 kY 46 &) 68 84 a8 19 442
Yos 62 108 &0 %] a8 122 114 97 8 2 768
Q1 No 28 41 72 58 59 39 L) 139 [:C 30 847
Yos 81 83 37 a2 25 6 1.} 42 81 10 563 S m
b=3 x
Q1 No I 80 85 7 59 100 120 89 Th En 822 g’\ X
Yos 23 4 24 25 “24 % 82 92 53 6 Im E—_—1
Nol Sute 1] 0 1] 0 \ 0 o ] (1] 0 1
Q15 No 4l 52. 72 5 36 62 75 n a7 26 575 (S
’ O
i
B
[~
a4 — .
> 17
) ]
' N

(



lable C-1, Summary of Single-Famiy Home Telephone Survey.

Count
Quosllon  Answer Bradonlon Hilsborough l.ake Plocld  Lokeland  Monatee  Spring Hill §l. Pele Tempo Venlce Winler Haven Tolal
Yos 48 70 n’ 4 48 73 07 110 78 [R] 63}
1
Qlé A [ 30 5 3 ] 2 8 4 n 70
B 20 8 27 40 18 28 ] 35 29 n 241
o 28 42 10 14 28 49 33 4’ 5 5 33
D 16 2 9 10 12 29 52 21 30 5 216
E 4 21 ? ? [ 8 n 22 10 0 ns
F ) 7 2 2 5 3 5 [k} 5 0 LA]
G 0 0 4 J 0 1} 4 4 4] 0 15
H [+] 0 0 [} 0 0 4 é 0 (4] 10
] 0 | 1 1 0 V] 0 2 0 0 5
J 0 1 1 4 0 0 0 1 0 0 7
K 12 9 16 : 8 9 16 26 12 n 5 125
Q17 A K] 5 45 17 10 30 28 7 42 9 236
8 20 21 18 18 24 J 34 30 49 4 249
C 9 30 12 1] 11} 8 23 28 24 7 160
D 1 16 1 7 4 é 26 (K] 6 \ 8l
3 1 10 3 3 2 0 5 14 3 0 4\
F 0 1] 1] | 0 0 4 3 0 0 8
G 1] 1 0 0 0 \ 0 5 0 0 ?
H 0 ] 0 0 [ 0 0 1 0 0 2
] 0 o 0 \ 0 1 0 0 1} [+] 2
J 4 26 24 30 18 57 61 k1 25 16 322
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SWFWMD MULTI-FAMILY SURVEY
~.  WATER SERVICE CONNECTION ADDRESS
+  FOR WHICH DATA IS REQUESTED:

INDOOR WATER USE
Ql Howmyuni:smthmaxd:isaddnss?_

Q2 Please circle the range that best describes the average number of occupants per occupied umit.
a 1-2 b 2-3 c. 3-4 d 4-5
Q3 Are water znd sewer servics included in the rent or maintenznce fees? (circle one) yes no

Q4 Do units have washing machines? (circle one) yes mo )

ey

Q5 Do units have dishwashers? (circle one) yes no
Q6 Do units have garbage disposals? (circle one) yes mo
WATER CONSERVATION

If any of the following water conservation devices have been installed in the last four years, please
cater the approximate date of installation in the appropriate space.

Q7 Low volume toilets month ____ year ____
Q10 Water conserving shower heads month ____ year
; SEASONALITY -
In the chart below, eater your average monthly occupancy rate as best you caa.
. AVERAGE

MONTH MONTHLY OCCUPANCY RATE .
Q13  Japuary %
Ql4  February %
Ql5 March %
Qlé April %
Q17 May %
Ql8 Juge %
Q19 July %
Q20 Avugust __%
Q21  September %
Q22 October %
Q23 November %
Q24  December %

PLEASE TURN OVER TO CONTINUE
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OUTDOOR USE
Q25 How many swimming pools are served by this water service coannection?

Q26  Does your lapdscape irrigation water come from (circle one)

1. Your own well?

2. Reclaimed wastewater? )
3. Wm:r utility irrigation meter?

4. Water utility regular meter?

5. Not applicable - no landscaping irrigation.

Please answer the following questions if you circled either water utility regular meter or water
utility irrigation meter above.

Q27  Which of the following best describes the area irrigated by your system? (circle one)

1. An area up 1o the size of a single family residential lawn.
2. An area larger than a ﬁnéle family resideatial lawn but smaller than an acre.
3. An area of one acre or more.

Q28  Does the irrigation system operate on an automatic timer or does someone manually turn 2t oa aod off?
(circle one)

1. Timer

2. Magual

——
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SWFWMD Car Wash Survey
Car Wash Name and Address
for Which Data is Requested

Please use your best judgement in completing the following questions regarding your business:

1. INDOOR WATER USE

Is yours a tunpel wash operation? (please circle) Yes No

Is yours a hand wash (detail) operation? Yes No
If yours is pot a tunpel wash or hand wash operation,
Ql how many spray wash bays does your establishment have? ___
Q2 How many days per week are you open? .
Q3 What are your business bours on Thursdays? ___to_ -
. Does your system recycle wash water? * Yes or No ~—
a Does your system recycle rinse water? Yes or No -
2. SEASONAL PATTERN

In the chart below, identify the moath that your business typically is most busy and enter 100 in

_ the right column. For each of the other moaths, eater 100 minus the percentage reduction in
business in comparison to the busiest moath. For example, if sales are 20% lower in August than
in the busiest moath, eater 80 in the right columa.

BUSINESS AS
MONTH . PERCENT OF BUSIEST MONTH

Qs Japuary %
Q6 February %
Q7 March %
Q8 April __ %
Qs May %
Q10 Juoe %
Qll July %
Ql2 August %
Ql3 September %
Ql4 October _ %
Ql5 November __ %
Ql6 December __ %
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SWFWMD Hospital Survey
v Hospital Name and Address
for Which Data is Requested

Please use your best judgement in completing the following questions regarding your business:
Q1 1. INDOOR WATER USE
How many patieat beds do you have?

2. SEASONAL PATTERN
In the chart below, eater average monthly bed occupancy as best you can. -

AVERAGE .
MONTH MONTHLY OCCUPANCY i
Q2 January %
Q3 February %
Q4 March %
Q5 April %
Q6 May %
Q7 Jupe — %
Q8 July %
Qs August %
Qlo September %
Qll October %
Vi Q12 November %
3 Q13 December %
Q14 3, LANDSCAPE IRRIGATION
Does your irrigation water come from (circle one)
1. Your own well? ;
2. Reclaimed wastewater system?
3. Water utility irrigation meter?
4. Water utility regular meter?
s. No landscaping irripation or landscaping maintained bv companv vou lease
from.

Answer the ra'nainiﬁg questions on the back side only if you circled water
utility regular meter or water utility irrigation meter above.
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Q15 Which of the following best describes the area imigated by your system? (circle one)

1. Only small, incidental landscape plantings around the building and parking
areas.
2, An zrez up 1o the size of a resideatial lawn

3. An area Jarger than a resideatial lawn but smaller than 1 acre.
4. An area 1 acre or more.

Q16  Does the irrigation system opeﬁte on an automatic timer or does someone xz;znually tumn it on and
off? (circle one) 3

1. Timer

2. Manual : i
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SWFWMD Hotel/Motel Survey
“= . Hotel/Motel Name and Address
for Which Data is Requested

Please use your best judgement in completing the following questions regarding your business:

Q 1 INDOOR WATER USE
How many rooms (guest units) do you bave? .
2. SEASONAL PATTERN ,
In the chart below, cater average monthly occupancy as best you can.
AVERAGE
MONTH MONTHLY OCCUPANCY
Q2 Japuary %
Q3 February . %
Q4 March __ %
Q5 April % —
[ May ___ %
Q7 June ___ %
Q8 July %
Q9 August %
Q10 || September %
- Qll October %
3 Ql2 || November %
- Ql3 || December %
3. FACILITIES
Ql4 How many swimming pools do you bhave? .
Q15 Do you operate and manage an on-site restaurant?
(circle one) yes Do
Q16 Do you have an op-site laundry for washing your linens and towels?
(circle one) yes no
Ql7 4. LANDSCAPE IRRIGATION
Does your irrigation water come from (circle one)
1. Your own well?
2 Reclaimed wastewater system?
3. Water utilicy irrigation meter?
4. Water utility regular meter? .
5 Not applicable - no landscaping irrigation or landscaping maintained by company

vou lease from.

Answer the remaining questions on the back side only if you circled water utility regular
meter or water utility irrigation meter above.
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Q18 Which of the following best describes the area irrigated by your system? (circle one)
1. Oaly small, incidental landseape plantings around the building and parking

aress. :
2. An area up to the size of & residential lawn
3. An area larger than a resideatial lawa but smaller than 1 sere.
4. An zrea 1 acre or more.

Q19 Does the irrigation system operaic on 2a automatic timer or does someone manually tum it oo and
off? (circle onc) 1
1. Timer
2. Maoual

PR

P ot
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SWFWMD Laundromat Survey
- Laundromat Name and Address
for Which Data is Requested

Please use your best judgement in completing the following questions regarding your busigess:

1. WATER USE
qQl How many washing machines does your laundry have?

Q2 How many days per week are you opea?
Q3 What are your business hours on Thursdays? to

2. SEASONAL PATTERN :
In the chart below, ideatify the month that your business typically is most busy and eater 100 in N
the right column. For each of the other moaths, eater 100 minus the perceatage reduction in

- business in comparison to the busiest month. For example, if sales are 20% lower in August than
in the busiest mouth, eater 80 in the right columa.

BUSINESS AS
MONTH PERCENT OF BUSIEST MONTH
Q4 January %
Q5 February _ %
»:) Q6 March %
’ Q7 April %
Q8 May _ %
Q9 Juge %
Qlo0 July _ %
Qll August ___®
Ql2 September % :
Q13 October % .
Ql4 November _ % B
Qls December %




SWFWMD Nursing Home Survey
Nursing Home Name and Address

for Which Data is Requested
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Please use your best judgement in compieting the following questions regarding your business:

1 INDOOR WATER USE

qQl How msny patieat beds do you have?

Q2  What is your average occupancy rate?

2. Q3 LANDSCAPE IRRIGATION
Does your irrigation water come from (circle one)

1.

2.

3.

4,

5.

Your own well?

Reclaimed wastewater system?
Water utility irrigation meter?
Water utility regular met;r?

Not applicable - no landscaping jrrigation or landscaping maintained bv companv
you lease from. -

Answer the remaining questions only if you circled water utility regular meter or water
utility irrigation meter above.

Q4 Which of the following best describes the area irrigated by your system? (circle ooe)

1.

Ouly small, incideptal landscape plantings around the building and parking
areas.

2. An area up to the size of a residential lawn
3. An srea larger than a resideatial Jawn but smailer than 1 scre.
4, An area | acre or more.
Q5 Does the irrigation system operzte on an auloq:alic timer or docs someone manually turp it on and

off? (circle one)

1.

a

.

Timer

Manual
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SWFWMD Office Building Survey
Office Building(s) Name and Address

for Which Data is Requested

Please use your best judgement in completing the following questions regarding your business:

1. INDOOR WATER USE

Ql How many square feet of office space are there at this service address?

2. Q2 LANDSCAPE IRRIGATION

Does your irrigation water come from (circle one)

1.

2.

Your own well?

Reclaimed wastewater system?
Water utility irrigation meter?
Water utility regular meter?

Not applicable - no landscapi landscapin intaiged bv ¢ v_vou lease
from.

Answer the remaining questions only if you circdled water utility regular meter or water
utility irrigation meter above. ’

Q3 Which of the following best describes the area irrigated by your system? (circle one)

|

Quly small, incideotal landscape plantings around the building and parking
ereas.

2. An area up to the size of a residential lawn
3. Ap area larger than 2 resideatial lawn but smaller than 1 acre.
4. An area 1 acre or more.
Q4 Does the irrigation system operate 0o an automatic timer or does someone maoually turn it on and

off? (circle one)

1.

2.

Timer

Magual
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SWFWMD Restauraat Survey
Restaurant Name and Address
for Which Data is Requested

Please use your best judgemeal in completing the following questions regarding your business:

1. INDOOR WATER USE
Ql What is the seating czpacity?
Q2 How many days per week are you open?
Q3 What are your business hours on Thursdays?
Q4 Are meals served on reusable or disposable dinnerware?
(circle one) reusable disposable

2. SEASONAL PATTERN
In the chart below, ideatify the month that your business typically is most busy and eater 100 in
the right column. For each of the other months, eater 100 minus the perceatage reduction in
business in comparison 10 the busiest month. For example, if sales are 20 % lower in August than
in the busiest month, cater 80 in the right columa.

- BUSINESS AS
MONTH PERCENT OF BUSIEST MONTH
Q5 Jaguary %
Q6 February %
Q7 March %
. . Q8 April %
3 Q9 May %
Q1o Juge %
Qll July %
Ql2 August %
Qi3 September %
Ql4 October _ %
~ Qls November %
QL6 December %
3. LANDSCAPE TRRIGATION
Q17  Does your irrigation water come from (circle oge)
1. Your own well?
2 Reclaimed wastewater system?
3. Water utility irrigation meter?
4. Water utility regular meter?
5 ot_applicable - no landscaping_irrigation or landscapi intained bv

companyv vou lease from.

Answer the remaining questions on the back side only if you circled water utility regular
meter or water utility irrigation meter above.
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l Table D-1. Moail Survey Results
. HOTEL/MOTEL LAUNDRY NURSING HOME
QUESTION Description Value Description Value Description Value
QA Total Count 13 Tota! Count 58 Total Count 54
‘ Averoge 69 Average 25 Average 118
' Min 10 Min 3 Min 26
l Max ) 100 Max &3 Max 700
i
: Q2 Total Count 113 Total Count 58  Total Count 54
Averoge &9 Average 7 Averoge 90
i Min 10 Min 5 Min 25
Max 100 Maox 7 Max 100
(SX] Totol Count 113 Total Count 8 1 2
i Averoge 81 Averoge 15 2 4
Min 4 Min 10 3 4
Maox 10 Max 24 4 2
' 5 4
Total Count 54
) Total Count 13 Total Count 8 1 10
? Averoge 80 Averoge 93 2 2
= Min -9 Min 57 3 8
Max 100 Max 100 4 6
- Total Count 26
QB Total Count 113 Tato! Count 58 A 10
Average 70 Averoge 93 M 16
) Min 20 Min 54 Total Count 26
. Maox 100. Max 100
b Total Count N3 Tota! Count 58
Average &0 Averoge N
Min 8 Min &
Max 100 Max 100
Q7 Total Count 113 Totol Count 58
Averoge 59 Average 83
Min 12 Min 0
Max 100 Max 100
! Q8 Totol Count 13 Total Count 58
Averoge 0 Averoge 75

Min 10 Min 15
Mox 100 Maox 100




Table O-1.

QUESTION

@

0

Ql)

Q2

13

Q4

Qs

Q6

Mail Survey Results
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PAGE_13Y oF __[53

HOTEL/MOTEL LAUNDRY NURSING HOME

Description Voiue Description Value Description Volue

Total Count 113 Total Count 58

Average 4 Average &9

Min 10 Min 7 .

Max 100 Max 10 ’

Total Count 13 Total Count 58

Average 53 Average &8

Min 10 Min 7 v

Max 97  Max 100 &

Totol Count 13 Total Count 58

Averoge & Average & \

Min 10 Min 15 i

Max 97 Max 100 ’

" Total Count 13 Total Count 58 :

Average 58 Average n !

Min 5 Min 15 _

Max S100 Mo 100 !

Total Count 13 Total Count 58

Average &0 Average 77

Min 10 Min 4

Max 10 Max 100

Total Count 13 Total Count 58

Average 0.63 Average 83

Min 0 Min 48

Mox 2 Maox 100

N 85 Total Count 58

Y 28 Average 88 ]

Total Couni M3 Min % !

Max 100 ,

|

N 17

Y 6

Total Count 13 ]
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l Table D-1. Mail Survey Results

,*\,)

l HOTEL/MOTEL LAUNDRY NURSING HOME
QUESTION Description Value Description Value Desciiption Value
Q17 1 19

’ .2 6

* 3 19

4 49
5 20
Total Count 113
QA8 1 3%
2 1N
3 19
4 13
Total Count 79
' Q9 A 3% _
M 42
i Totol Count 78

Q22

Q24
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Table D-1. Mail Survey Results l
OFFICE RESTAURANT
QUESTION Description Value Description Value
N Tota! Count 116 Total Count 12
Averoge 88.607 Averoge 144
Min 800 Min 6 .
Max 7354630 Max 540
xR 1 25 Total Count 12
2 4 Averoge 6.72
3 37 Min 5 .
4 - 38 Max 7 - :
5 12
Total Count 116 T
QA3 1 0 Total Count 122
2 9 Average 12
3 16 Min 4 - _
4 23 Mox 24
Total Count 78
4 A &8 D 19 -
M 12 R 103
Totol Count 80 Total Count 122
(85 Total Count 122 3
Average 88 +
Min 25 .. =
Max 100 :
Qb Totai Count 122 .
Averoge )
Min 10
Max 100
Q7 Total Count 12
Average 94
Min 25
Mox 100
8 Total Count- 12
Avercge 84
Min 25

Max 100 Taa,
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Table D-1. Mail Survey Results

E OFFICE RESTAURANT
QUESTION Description Value Description Volue
(2 ‘ Total Count 122
Average 75
Min | . 40
Max 100
Q10 ' . Total Count 122
Averoge n
Min 20
Max 100 -
ol Totol Count 122 =
Averoge 70
- Min 20
Max 100
a2 Total Count 122
Average 68
Min 20
Mox 100
Total Count 122
Average (-]
- Min 2
Max 100
Q14 Total Count 12
) Averoge n e b
Min 20 -
Maox 100
Qas Total Count 12
Average 78
Min 25
Max 10
Q6 Total Count 12
Average . 84
Min h 25

Max 100
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Table D-1. Mail Survey Results

OFFICE RESTAURANT
QUESTION Description Volue Description Vaolue
Q17 1 7
2 8
3 18
4 : %
5 53
Total Count 122
8 1 3%
2 15
3 8
4 1 ';,
Total Count &0 N
Q19 - _ A 4
M 18
Total Count 59
Q20
21
Q22
Q23
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EXHIBIT

Table D-1.  Moil Survey Results
.-—-\\
APARTMENTS CAR WASH HOSPITAL
QUESTION Description Vaolue Description Value Description Value
Q9 Total Count 17 Total Count .2
Average Vil Average &4
Min 40 Min 2
Max 100 Max 97
Q10 N 5] Total Count 17 Total Count 2
Move Y 80 Averoge 61 Average &7
to Total Count 174 Min 40 Min 33
Q8 Mox %  Mox 97
an Total Count 17 Total Count 2
Average 55 Avercge 68
Min 2 Min 3
Max 86 Max 97
Q12 Total Count 17 Total Count 2 :
Average 53 Average &9
Min 20 Min 5 ;
) Max 10 Mox 94 i
A . - '
|
§ Q13 Total Count 174 Totatl Count 17 Total Count 22 !
Averoge 0 Average &0 Average 7N :
Min 25 Min 30 Min 34
Max 100 Max 8 Max 95
Q4 Tota!l Count 174 Tofal Count 17 1 N
Average 1 Averoge 70 2 0
Min 25 Min 45 3 4
Max 100 Max 100 4 5
5 2
Total Count 2 .
Q15 Totol Count 174 Total Count 77 1 0 i
Averoge S0 Averoge 78 2 1
Min 25 Min 5 3 5 l
Mox 100 Max 0 4 5 !
Total Count n
Qb Total Count 174 Total Count 17 A 9
l Averoge 87 Averoge 88 M 2
Min 10 Min 70 Total Count N
Max 100 Max 100
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Mail Survey Resulls
APARTMENTS CAR WASH HOSPITAL
Description Vaoiue Description Value Description Value
Total Count 174 Total Count 17 Total Count 22
Average 107 Average 200 Average 277
Min 4 Min 1 Min 0
Max 0 Max 4 Max 1024
A 102 Total Count 17 Tota! Count 2
B 8 Average 6.65 Average 74
C 15 Min [} Min b
D 1 Max 7 Max .95
Total Count 174
N 17 Tota!l Count 17 Total Count 22
Y 157 Average 14.15 Average 73
Total Count 174 Min 8.5 Min 31
Maox 24 Max ?5
N 135 N 4 Total Count 2
Y 39 Y 13 | Average 72
Total Count 174 Tota! Count 17 Min 13
Max 97
N 92 Total Count 17 Total Count 22
Y 82 Average 95 Averoge 49
Total Count 174 Min 75 Min 12
Max 100 Max 97
N 76 Total Count 17 Total Count 22
Y 98 Average 95 Average 67
Total Count 174 Min 80 Min 8
Max 100 Max 97
N 136 Total Count 17 Total Count 2
Y 38 Average 97 Avercge &5
Total Count 174 Min 20 Min 8
Mox 10 Mex 97
Total Count .. 17 Total Count 2
Avercge 88 Avercge 45
Min 70 Min 4
Max 100 Max 97
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Mail Survey Results
APARTMENTS CAR WASH HOSPITAL
Description Volue Description Volue Description Value
Total Count 174 :
Averoge 86
Min 10
Max 100
Total Count 174
Average 85
Min 10
Maox 100
Total Count 174
Averoge 85
Min 10
Max 100
Total Count 174 h
Averoge 84
Min 10
Max 100
Total Count 174
Average 84
Min %
Max 10
Tota!l Count 174
Average 85
Min 10
Max 10
Totol Count 174
Average 8%
Min 15
Max 100
Totol Count 174
Averoge 87
Min 20

Maox 100
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Mail Survey Results
APARTMENTS CAR WASH HOSPITAL

Description Vaiue Description Vaolue Description Vglue
Total Count 174

Averoge 0.59

Min 0

Max [}

1 73

2 10

3 . N

4 3%

5 . 44

Total Count 174

] 21

2 ) 27

3 17

Totol Count 65

A 75

M ) - 26

Total Count 101
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Which of the following best describes the arca irrigated by your system? (circle oac)
1. Only small, incidental Lndscape plantings around the building and parking
aress.
2. An area up o the size of a resideatial lawn
3. An area larger theq 2 residential lawn but smaller than | acre.
4, An arza 1 acre or more.

Does the irrigation systcm operate 0 x aulomatic timer or does someone maaually tm it oo xod
off? (circle one)

1. Timer

2. Magual

g
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APPENDIX E

ESTIMATION OF IRRIGATION WELL LOGIT MODEL

One may ask why the model includes the groundwater depth variable DWELL instead of
a variable indicating the presence or absence of an irrigation well. This appendix explains why.

It is important to understand the differences between cause, steps, and effect in
constructing the water demand equation. For example, consider a customer who responds to 2
water price increase by installing an irrigation well which, in turn, decreases water taken from
a utility. Price serves as the cause, installation of an irrigation well as the step, and reduction
in utility water use as the effect. Other steps could include, for example, improvements in
irrigation efficiency, reductions in landscape area, or installation of water efficient bathroom

fixwures.

In this study, we seek to measure the cause and effect relationship between water price
and water use. This information is used in a computer rate model to predict the water use impact
resulting from different rate structure options. Given this purpose, including the steps as
explanatory variables in the water demand equation tends to bias price elasticity towards zero.
This occurs because the step variables get credit for water use reductions that would otherwise
be atuributed to water price. Because sinking an irrigation well is one of most dramatic steps a
customer can take to reduce utility water use, we do not want to exclude this from our measured
price effect.

Groundwater level, on the other hand, is a cause variable. As groundwater level rises,
the financial feasibility of an irrigation well.increases, which if installed decreases water taken
from a utility. Groundwater level is the cause, irrigation well again the step, and lower utility
water use the effect. We need to control for different groundwater levels among utilities so as
to not wrongly confuse its impact with price effects.

We tested our hypothesis that customers tend to install imrigation wells as water price
increases and as groundwater depth rises. Other causal factors can also affect the decision of
whether or not to include an irrigation well. Customers with larger irrigable areas that use a lot
of water may find it relatively more worthwhile to sink a well. Wealthy custorers might also
be more inclined. As a way of quantifying the probability of a home having an irrigation well
consi.dering lot size, property value, average well depth, and marginal water price, we constructed
a logit regression model Logit models are appropriate when the dependent variable—irrigation
wel]—.—takes on only binary values (0 or 1). The results show that the probability of an irrigation
well increases with increasing lot size, property value, groundwater level, and marginal price.
Figure E-1 plots the relationship between the probability of an irrigation well and both well depth
and marginal price given all other variables are at their mean values. The probability of an
irrigation well doubles from 32 to 64 percent when average well depth goes from 125 o 50 feet
and from 25 to 50 percent when marginal price goes from $1 to $5 per 1,000 gallons. Details
of the logit model are shown in Table E-1.
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TABLE E-1. LOGIT RZGRESSION RISULTS

VARIABLE DESCRIPTIVE STATISTICS:

NAME N MEAN §7. DEV VARIANCE MINIMUM HMAXIMUM

IWZLL 42257 0.34503 0.47538 0.22599 0.00000 1.0000
MP2 42257 2.1649 < 1.5442 2.3843 0.00000 7.050¢C
Lot 42257 9.8974 3.2699 10.692 5.0000 18.000
DWELL 42251 120.864 43.834 1921.5 49.000 190.00
v 42257 64.053 21.64€ 468.54 45.000 . 1%0.00

CORRELATION MATRIX:

IWELL 1.0000

22 c.884c1z-Cl 1.0000

Lot 0.483313-01 -0.151236 1.0000

DWZLL -6.32:317 0.11542 0.21902E-C1 1.0%00

PV 0.125€ -0.12089E-C1 0.31475 0.144552-01 1.0800
IWZIL w22 Lo7 DWELL PV

LOGIT ANALYSIS DEPENDENT VARIABLE =IWZll

IWELL = £(MP2, LOT, DWELL, FV)
42257. TCTAL OBSZRVATIONS
14580. OBSZIRVATIONS AT ONZ
. 27677. OBSZRVATIONS AT 23RO -

ASYMPTOTIC WEIGHTED
VARIABLZ ESTIMATED STANDARD T=RATIO ELASTICITY AGGREGATE
NAME COZFFICIZNT ERROR AT MEANS ELASTICITY
r .
J w2 0.22268 0.71576z-C2 . 0.32841 0.27930
Lo7 0.37651Z-01 0.35638z-02 10.5€5 0.25387 €.2C542
DWZLL -0.18528E-01 0.274562-03 <-67.482 ~1.5252 -1.126C
b4 0.12885E-01 0.52387E-03 24.596 0.56227 0.45935
CONSTANT =-0.20074 0.522092-01 -3.8449 -0.13675 -0.10973
MASDALA R-SQUARZ 0.1373
CAAGG-UHLEZR R=-SQUARE 0.18962
MCFADDEIN R-SQUARE 0.11465
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WATERATE Registered Users

WATERATE Registered Users
Aloha Utilities

Black and Veatch

Brooksv & Amaden, Inc.
Central County Utilities, Inc.
Charlotte Harbor Water Association
Citrus County

City of Bartow

City of Brooksville

City of Crystal River

City of Dade City

. City of Dunedin Water Division

City of Haines City

. City of Inverness
. City of Lake Placid

City of Lakeland

City of N. Miami Beach Util.
City of Northport

City of Oldsmar

City of San Antonio

City of Sarasota

. City of Sebring
. City of St. Petersburg

City of Tarpon Springs

City of Winter Haven

Florida Cities Water Company
Florida City Water Association
Florida Public Service Commission
Florida Rural Water

Garden Grove Water Company

. Grenelefe Resort
. Hernando County Utilities Dept.

Hillsborough County, Public Util.

. Homosassa Water District

House Natural Res. Com.

. King Engineering, Inc.
. Law Environmental, Inc.
. Malcolm Pirnie, Inc.

Manatee County Public Services
On Top of the World

. Orlando Utilities Commission
. Pasco County Utilities
. Pebble Creek Service Cormp.

Pinellas County Water Dept
Public Resource Mgmt. Group
Resource Economics Consultants
Sarasota County Gov. Utl. Dept.

. Sarasota County Utilities

City

Holiday
Orlando
Bradon
Sarasota
Harbor Heights
Lacanto
Bartow
Brooksville
Crystal River
Dade City
Dunedin
Haines City
Inverness
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
Homosassa
Tallahassee
New Port Richey
Tampa
Maitland
Bradenton
Ocala

Orlando

New Port Richey
Tampa
Clearwater
Maitland
Gainesville
Sarasota
Sarasota

Page 1
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State
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL
FL

\

(Taw-9)

OF _ o




49.
50.
51.
52.
53.

565.
56.
57.

WATERATE Registered Users

SFWMD

Siesta Key Utilities Authority
Souther States Utilities
SWFWMD

Town of Belleair

Volusioa Council of Government
WCRWSA

SPAAC

World Bank

City of Redwood City

City of Menlo Park

West Palm Beach
Sarasota
Apopka
Brooksville
Belleair
Daytona Beach
Clearwater
Cairo

Rio de Janeiro
Redwood City
Menlo Park

Page 2
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FL

FL

FL

FL

FL

FL

FL
Egypt
Brazil
CA
CA
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SWFWMD Conservation Rate Study
Weighting System Scoring
of Uniform Rate Structure Approved in
Docket No. 920199-WS
Criteria Weighting % Score Weighted
Score

1. Rate structure form 20 2.5 0.5
2. Allocation of fixed/variable charges 40 2 0.8
3. Sources of utility revenues 30 1.5
4. Communication on bill 10 4 04
Total 100 32
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CALCULATING THE PRICE ELASTIC WATER CHANGE RESULTING FROM
SSU’s PROPOSED RATE STRUCTURE

Introduction

The price elastic water change to result from Southern States’ proposed rate structure change is
estimated using the Windows based software program WATERATE 3.1. WATERATE is a
planning tool that simulates how changes in water and sewer rate structures impact water
revenues and water demand. It automates complex calculations for the user’s convenience and
provides a comprehensive, flexible framework from which to evaluate rates. The model was
developed for the Southwest Florida Water Management District (SWFWMD). Its default price
elasticity assumptions are based on a large empirical study conducted for SWFWMD in 1993,

WATERATE is run for four different groupings of water plants. The groups consist of
Previously Uniform, Previously Nonuniform, Marco Island, and Burnt Store. Previously
Nonuniform includes the following 11 plants: Buenaventura, Deep Creek, Enterprise, Geneva,
Keystone, Lakeside, Lehigh, Palm Valley, Remington Forrest, Spring Gardens, and Valencia
Terrace. Marco Island and Burnt Store, which use a reverse osmosis treatment process, are
separated because it is proposed that they will make up their own rate class. All other plants are
contained in Previously Uniform.

For each of the four groups, running the model requires inputting data into five sets of tables. A
description of the data and the assumptions made are described in the following section entitled
“WATERATE Data Input”. A summary of the data input into WATERATE is provided in
Schedule: E1-4 of the MFRs, a copy of which is included in pages 4 through 6 of this exhibit for
convenience.

WATERATE Data Input

Table 1 of WATERATE collects general information related to customer classes, type of rate
structure, water billing units, current year, and inflation. Customers are divided into the classes of
“residential” (single family) and “other”. The reason for the class separation is that “residential”
and “other” customers behave differently to water price changes; WATERATE accounts for this
difference. The block rate option is selected for the residential class; it is selected because the
sewer cap serves as an indirect block rate pricing vehicle (e.g., a zero price for water greater than
six thousand gallons per month). Water units are in thousands of gallons (TG) and general price
inflation is assumed to be 3.0 percent. WATERATE’s algorithms make use of inflation adjusted
or real prices. The base year is 1995 and the projected rate case year is defined as 1996.
Although WATERATE can project over a three year period, in this application water use and
revenues are projected only for 1996 to remain consistent with the FPSC rate case.
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Table 2 of WATERATE collects price elasticity information. It is assumed that the 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 rates (revenue
requirements) for rate year 1996. In addition, the direct short-run revenue requirements are
inputted; these costs are the costs that vary proportionately with water use and include power
purchased water, and chemicals. It is important to include these costs in the analysis because as
water use decreases, revenue requirements will also decrease.

Table 4a of WATERATE collects number of accounts by meter size for each class including fire
protection. Meters are converted into equivalent residential connections (ERCs) using meter
ratios and summed. Table 4b of WATERATE collects expected annual water sales for the 1996
rate year. Table 4c of WATERATE collects bill frequency information for the residential class.
Specifically, the percent of bills associated with 1 TG/month increments of water use are tabulated
based on 1994 data. In addition, the percent of customers facing a price signal from a sewer bill is
collected.

Table 5a of WATERATE records the base facility charge (BFC) per ERC for 1996. The BEC 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 Sb of WATERATE.
Both historical and 1996 water and sewer charges are included. Historical gallonage charges for
the nonuniform class are derived as a weighted average of individual plants’ gallonage charges.
The weights are based on 1996 projected water use.

WATERATE Data Output

Alternative gallonage charges are entered into WATERATE until the revenues generated from
rates for conventional (previously uniform and nonuniform) and RO (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 6¢c of WATERATE shows
the change in the water use distribution occurring from the water price changes.



SCHEDULE OF WATER RATES - 1996

Summary of Waterate Software Inputs and Outputs 1/

Company: SSU / FPSC Jurisdiction / Proposed Conventional and Reverse Osmosis Treatment FPSC
Docket No.: 950495-WS Schedute: E14
Schedule Year Ended: 12/31/36 Page 1of3
Water (x] Wastewater [] Preparer: Bencini
Interim ] Final {x)
Histofical {) Projected (x)
Present: FPSC Uniform [x] FPSC Non-uniform [x]
Proposed: Conventional [x] Reverse Osmosis [x]
Explanation: Provide a summary schedule of the Waterate software tool inputs and outputs.
Conventional Reverse
Treatment Osmosis
___ Revenues?/ L - B
1 Original Rev. Req. Less Direct Short Run Exp. $22,831,166 $10,458,202
2 Direct Short Run Expenses &/ $3,201,573 $1,218.241
3 Total Original Revenue Requirement $26,032,739 $11,676,443
4 Direct Short-Run RR Price Elastic Change 4/ -$257,819 -§32,872
5 Adjusted Revenue Requirement L34 $25,774,920 $11,643571
6
7 BFC Revenues 40%°L5 & $10,309,968 $4,657,428
8 Gallonage Revenues 60% LS & $15,464,952 $6,986,143
9 Total Revenues to be Collected from Rates L74L8 $25,774,920 $11,643571
10
11 Billing Determinants &
12 Projected Monthly ERCs 93,866 16,324
13 Projected Consumption TG 8,040,449 2,183,794
14
15 Projected Residential Consumption TG 7,074,030 1,101,846
16 Projected Multi-Family Consumption TG 81,741 262,106
17 Projected Other Consumption TG 7/ 884,678 799,843
18 Total Projected Consumption TG L15+L16+L17 8,040,449 2,183,795
19
20 Price Elasticity Adjustments &/
21 Residential Price Elasticity Change TG -826,884 25914
22 Mutti-Family Price Elasticity Change TG 0 0
23 Other Price Etasticity Change TG 49,169 31,841
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SCHEDULE OF WATER RATES - 1986

Summary of Waterate Software (nputs and Outputs 1/

Company: SSU/ FPSC Jurisdiction / Proposed Conventional and Reverse Osmosis Treatment FPSC
Docket No.: 950495-WS Schedule: E14
Schedule Year Ended: 12/31/36 Page20f3 )
Water [x] Wastewater (] Preparer. Bencini
Interim [) Final [x)
Historical [] Projected [x]
Present: FPSC Uniform [x] FPSC Non-uniform [x)
Proposed: Conventional [x] Reverse Osmosis [x)
Explanation: Provide a summary schedule of the Waterate software tool Inputs and outputs.
Conventional Reverse
Treatment Osmosis
Price Elasticity Adjustments cont. 8/ o
24 Total Price Elasticity Change TG L21+L224123 -876,053 o 57,755
25
26 Adjusted Projected Consumption TG L18+L24 7,164,396 2,126,040
27
28 Residential Price Elasticity Change Percentage L1115 A1.T% 24%
29 Mutt-Family Price Elasticity Change Percentage L2116 0.0% 0.0%
30 Other Price Elasticity Change Percentage a7 5.6% 4.0%
31 Overall Price Elasticity Change Percentage L241.18 -10.9% 26%
R
33 Prefiminary Rate Calculations &/
34 BFC Rate a2 $9.15 $23.78
35 Gallonage Charge Lan26 $2.16 $3.29
)
r
1/ The information on this schedule is a brief summary of some of the inputs and outputs from the Waterate software tool. I'GI%
Refer to the testimony of John Whitcomb, Ph.D. for the complete set of input and output tables and discussion of the model.
2/ Revenues are required income from Schedule B-1. The numbers are siightly different due to an increase in the payroll tax
which was not ran back through the Waterate model because the impact would have been minimal. The difference in
revenues for Conventional Treatment is $32,534 (B1 ravenue is higher), and for Reverse Osmosis the difference is J-]
$5,303 (B1 revenua is higher).
& Direct short-run revenue requirements is composed of purchased power, purchased water and chemicals. These are o
expenses that are directly refated to water volume. )
pr—
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SCHEDULE OF WATER RATES - 1986
Summary of Waterate Software Inputs and Gutputs 1/

Company: SSU/ FPSC Jurisdiction / Proposed Conventional and Reverse Osmosis Treatment FPSC
Docket No.: 950495-WS Schedute: E1-4
Schedule Year Ended: 12/31/96 Page3o0f3
Water [x] Wastewater [} Preparer: Bencini
Interim (] Final {x)
Historical [ ] Projected [x]
Present: FPSC Uniform [x) FPSC Non-uniform (x)
Proposed: Conventional [x] Reverse Osmosis [x]
LExplanation: Provide a summary schedule of the Waterata software tool inputs and outputs.
Conventional Reverse
Treatment 0Osmosis

4/ The predicted price efasticity driven decrease in consumption would also reduce the diract short-run costs. Refer to the
testimony of John Whitcomb, Ph.D. for a detailed explanation of the Waterate model.
§/ The 40% base and 60% gallonage spiit for revenues is being used for this rate case. This qualifies as a conservation promoting
rate structure according to the Brown & Caldwell weighting definition. Refer to the testimony of John Whitcomb, Ph.D. for detals.
6/ The billing determinants provided did not inchude bulk water from Marco Isiand. The ERCs are stated as monthly numbers
because that is how they are used in the Waterate software tool. The consumption number is after the conservation program
adjustments. Refer to schedule E1-2 in the 1996 Conventional Treatment and Reverse Osmosis tabs for details.
These numbers may not tie to other schedules dua to rounding.
7/ Other consumption includes commercial, pubtic authorily and irvigation. SSU took the conservative approach by classifying
irrigation in the same classification as commercial, This was done becausa the breakout of our Imigation customers
by residential, multi-family and commercial classes is not possible at this time.
& The price elasticity adjustments are outputs from the Waterate software tool. They hava been converted from a gaflonage
number to a percentage for appication purposes. Please rafer to the testimony of John Whitcomb, Ph.D. for details.
9/ The preliminary rates are derived from the Waterate software tool. They do not exactly match our final rates due to
rounding and the slight increase in revenue requirements not taken into consideration in Waterate. In addition, any
non-standard rate design classes {fike raw water in the reverse osmosis treatment category), are not included.

Assumed 75% of long-fun price eastc response.

Assumed long-fun nonresidential price elasticity of -0.20 (0 for multfamily and -.25 for other).
Fire protection BFC is 1/12 of BFC.

Bill frequency information based on 1994 water use consumption.

Non-uniform historical gaflonage and sewer charges based on weighted average of prices.
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increase for Orange-0Osceola
Utilities, Inc. in Osceola County,
and in Bradford, Brevard, Charlotte,
Citrus, Clay, Collier, Duval,
Highlands, Lake, Lee, Marion,
Martin, Nassau, Orange, Osceola,
Pasco, Putnam, Seminole, St. Johns,
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Utilities, Inc.
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SOUTHERN STATES UTILITIES, INC.
RESPONSE TO REQUEST FOR PRODUCTION OF DOCUMENTS
DOCKET NO.: 950495-W$§

REQUESTED BY: OPC

SET NO: 7

DOCUMENT REQUEST NO: 234

ISSUE DATE: 09/29/95
WITNESS: John B. Whitcomb
RESPONDENT: John B. Whitcomb
DOCUMENT REQUEST: 234

For purposes of this request, please refer to OPC's document request number 27. Please provide all peer
review comments on the article entitled "Residential Water Price Elasticities in Southwest Florida® and all
peer review comments on any earlier or alternative version of the article which may have been submitted 10
other academic/professional journals. Please indicate the journal, periodical, etc. for which the reviews
were solicited.

RESPONSE: 234

No peer review responses were received for the articie entitled “Residential Water Price Elasticities in
Southwest Florida.”

A denvative manuscript based on an alternative demand specification has been submitted for publication in
Water Resources Research. A copy of the article and two peer review comments have been received as
included in Appendix DR234-A from the Citizens Seventh Set of Requests for Production of Documents -
No. 234,
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Dr. George M. Hornberger, Editor
Ms. Brendz W. Morris, Editor's Assistant
2015 Ivy Road, Suite 407
Charlottesville, Virginia 22903 USA
{804) 982-2050 (PHONE); (804) 982-2052 (FAX)
bwmég@virginia.edu OR water@virginia.edu (E-MAIL)

August 9, 1995

Dr. John B. Whitcomb
1375 Eaton Avenue
San Carlos, CA 94070

RE:  New Directions in Mapping Water Demand Curves (WR94-794)
Dear Dr. Whitcomb:

1 regret to inform you that I must decline once again your manuscript "New Directions in Mapping
Water Demand Curves" for publication in Warer Resources Research in its present form. As you can see
from the enclosed comments, a reviewer uncovered a "fatal flaw" in the manuscript. The referees and
the Associate Editor (AE) who handled your paper applaud the creativity evident in your manuscript.
Unfortunately, the AE notes that, despite this creativity, upward sloping demand curves should not be
published. The AE notes that a revised draft that determined whether people react to average vs. marginal
price should be publishable. The AE conanues:

Athough this would be a much more modest theme than what the authors attempt to do in-
this draft, it is still an important and largely unresolved question faced by utility regulators
and other policymakers. Moreover, the authors have the data to test the hypothesis. Shin
(1985, cited by the authors) had the original hypothesis along these lines, Nieswiadomy
(1991, also cited by the authors) is the only paper to test this hypothesis to my knowledge.
A replication of the 1991 study using swandard functional forms, such as linear or log-
linear would make a nice contribution to WRR. :

I encourage you to resubmit your manuscript after you undertake the major revisions suggested. Please
provide 5 copies, along with a detailed list of your responses to reviewers’ comments. Your manuscript
will receive a new manuscript number and will be re-reviewed. At the very least, the revised manuscript
will be thoroughly reviewed by the Associate Editor and in most cases will be reviewed by others as well.
My decision to accept or to decline the manuscript will be made subsequent to the review process. You
will be notified by my office of the outcome.

Thank you for your interest in Warer Resources Research.

Sincerely yours,

¢/ ~/ P .
Aeeg YU Holi g S,

George M. Hornberger, Editor

Enclosures
ce: AE
File
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1. CONTRIBUTIONS )

The main contribution rests in the provision of a novel way to
examine Lhe correci specificalbion of Lhe price variabie.

2. TECHNICAL SQUNDNESS

The paper 1is Lechnically more sound than the Firsbt version.,
While the specificalbion ¢of the demand equation remains ad_hog, Lhe
authors have improved the discussion of aiternative functional
forms and Lheir respective 1imitations. in addition, Lhe
sconcmetr ic techniyue has improved. Simultbaneitby and
mullicollinedarity are addressed adequately. I remain a bil unclear
as Lu whether the method used Lo select ULhe ramped price
specification leads Lo Maximum Likelihood estimators and weuid 1ike
Lo see this addressed wikth a senlence or two. Further, it is
feasible to provide standard errors for the elaslicity estimates?

3. PRIGCR PUBLICATION

I don'iL believe Lhis paper or a very similar paper has been
published elsewhere.

4. ORANIZATION AND STYLE

On the whole the presentalbion and organizaticn are clear,
There ars a number of improvements in expositbion over the first
version of the papegr (eg., the discussion of the price ramp and tne
Pernman equation). '

8. EYALUATION
(a} This puper makes a conlribution Lo the ared of water
resources by providing a novel way Lo examine the question of the

dppropriualble specification for the price variable in waler demands.

(b} I would rate ULne paper as "good”

&
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Comments on "New Directions in Mapping Water Demand Curves'

-

General comments: fﬂ;

or
The paper has been substantially improved, but hasy ‘sofe _
sarioug flaws. The most significant flaw is the functional f§§m;°
shown Iin equation (5). I have calculated the water demand S
eguation implisd by your estimated coefficients in Price (5}Q®<§
Your demand curve is upward sloping for prices above $8,34,qa ®
price which is not that much greater than the highest price in
your data set ($7.05). I am enclosing a graph that shows your
demand curve using the mean values in Table 3 and the estimated
coafficlents from Price (3). You can see that it is upward
sloping. You must resolve this problem before the paper can aver
be published. I belleve that you should abandon this type of
functional form in favor of a more recognized one,

Spacific comments:

You never really examine the possibility that customers
react to average price. Your ramped prices only average over a
limited range. The 1dea behind the use of average price is that
customers look at past bills and impute an average price. You
need to look at this.

On page 13 you say that Price(z) is the best specification
based on itg R?, But all of the R’ are nearly identiceal, around
.62. There appears to be no difference in the explanatory powers
of the model.

I suggest that you use a linear or leg-log model and abandon
your strange model., In addition, I would recommend not using the
ramped prices elther. You could still use the Shin test. Water
regearchers are in need of many good data sets to test the
customer’s price perception. You still need to refer to the
Moffitt article that I mentioned last time. This paper shows the
state of the art (and the way the profession may go) in
astimation with block data. Also look at the Hewitt and Hanemann
article in Land Economics in May 1995, which uses this two error
model of Moffitt’/s. This would be the best apprcach to follow.

References

Moffitt, Robert, "The Econometrics of Kinked Budget Constraints,"
The Journal of Economlc Perspectives, Spring 1990, pp. 116-
139.

Hewitt, Julie A. and W. Michael Hanemann, "A Discrete/Continuous
Cholce Approach to Resldential Water Demand Undexr Block Rate

Pricing," Land EBconomics, May 1995, 71(2): 173-92.
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STATE OF FLORIDA
OFFICE OF THE PUBLIC COUNSEL

c/o The Florida Legislature
111 West Madison Street

Room B2
e Tallahassee, Florida 323991400
JACK SHREVE : @5 . 904-488-9330 :
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November 15, 1985

Brian Armstrong, Esq.
Southern States Utllltles
General Offices

1000 Ceclor Place

Apopka, FL 32703

Dear Mr. Armstrong:

The Citizens’ Request for Production of Documents Number 234,
asked for all of the peer review comments on the article entitled
“Residentlal Water Price Elasticities in Southwest Florida,"
authored by Dr. Whitcomb, and for all peer review comments on
earlier and alternative versions of this article which may have
been submitted for academic publication. Dr. Whitcomb responded to
this reguest by providing us with a copy of the derivative article
entitled "New Directions in Mapping Water Demand Curves."™ Included
in this response was a second round of peer review comments on the
second version of this paper.

During the course of Dr. Whitcomb’s deposition, taken on
November 6, 1995, he indicated that there was an earlier version of
this article -- as well as first round of peer review comments.
The first version of this article was provided to us as a late-
filed exhibit in your November 9, 1995 memo. However, Dr. Whitcomb
indicated in his deposition that he had "thrown-out" the first
round of peer review comments (on the first draft) about 8 months
ago.

Our representative has contacted the journal to which this
article was submitted, Water Resources Research. The editorial
assistant has indicated that these first round -- as well as
subsequent rounds -- of peer review comments are still on file in
their office. The journal is willing to release these comments if
they receive authorization to do so from Dr. Whitcomb.




Brian Armstron‘’, Esgq.
November 15, 1995
Page two ;
|

I attach an authorization release form for peer review
comments from Water Resoufces Research. We request that Dr.
Whitcomb execute this release form and return it to this office in
the self-addressed, stamped|envelope provided so that the Citizens
may acguire all of the peer! review comments during the evaluation
process of the article entitled "New Directions in Mapping Water
Demand Curves." ‘

Thank you for your prompt attention to this matter.

Sipcarely,

arocld McLean
Associate Pullic Counsel

HM:bsr
cc: Mike B. Twomey, Esqg.

Lila Jaber, Esq.
Ken Hoffman, Esqg.
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Southern States Utilities »

December 28, 1995

Charles Beck, Esq.

Office of Public Counsel
The Florida Legislature

111 West Madison Street
Room 812

Tallahassee, FL. 32399-1400

Re: Docket No. 950495-WS -- Southern States Utilities, Inc.

Dear Mr. Beck:

r I
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1000 Color Place » Apopka, FL 32703 « 407/880-0058

Please be advised that SSU has forwarded a copy of your letter dated November 15, 1995, as well
as the release attached thereto to Dr. Whitcomb. We expect to hear from Dr. Whitcomb after the

first of the year regarding the execution of the release form.

If you need any further information, please contact me at (407) 880-0058, ext. 260.

Sincerely yours,
aary
L rpris?
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-
Matthew Feil
Staff Attorney
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STATE OF FLORIDA
OFFICE OF THE PUBLIC COUNSEL

¢/o The Florida Legislature
111 West Madison Street
Room 812
Tallahassee, Florida 32393-1400
JACK SHREVE 904-488-9330
PUBLIC COUNSEL

January 24, 1996

Dr. George M. Hornberger, Editor
Water Resources Research

2015 Ivy Road, Suite 407
Charlottesville, Virginia 22903

Via Facsimile (804) 982-2052 (hard copy to follow)
Dear Dr. Hornberger:

Attached is an authorization, executed by John B. Whitcomb, to
release any and all peer review comments which were generated from
the paper entitled "New Directions in Mapping Water Demand Curves"
(WR94-754) submitted by Dr. whitcomb. In depositicon, Dr. Whitcomb
indicated that there were at least two rounds of peer review
comments generated in the article review process. We would like to
receive both sets of comments and any additional comments or
correspondence which may have been generated during the review
process, 1f necessary, please feel free to redact any information
about the reviewers’ identity that might compromise the ancnymity
of the review process. If you no longer have the review comments,
would you so indicate, and please indicate what became of them. If
any person suggested to the Journal that the comments should be
discarded or returned, we reguest the identity of that person.

The expediticus receipt of these comments is important to the water
consumers we represent 1in an upcoming case before the Fleorida
Public Service Commission. Please send them to our office at your
earliest convenience.

Thank you in advance for your cooperation. You may wish to know
that we requested the release from Dr. Whitcomb quite a while ago.
We regret the urgency of our regquest this late date.

If you have any guestions about the above request, please feel free
To call me at (904) 488-9330.

Haz d McLean
Associate Public Counsel

Attachments




RELEASE

To: Dr. George M. Hornberger
Editor, Water Resources_ Research
2015 Ivy Road, Suite 407
Charlottesville, VA 22903

in re: Peer review comments to "New Directions in Mapping Water
Demand Curves,"

Dear Dr. Hornberger:

Please release to the Office of the Public Counsel, 111
W. Madison S8t., Room 812, Tallahassee, Florida, 32399 any angd all
Peer Review Comments received by or generated by your publication
Water Resources Research which address my article "New Directions
in Mapping Water Demand Curves." This release includes all such
peer review comments irrespective of whether they are first round,
second round, or subsequent round.

EXECUTED this day of November, 1985

th Whimmd— 1/ 1044

John B. Whitcomb, Ph.D




(—\j American Geophysical Union
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! ‘#usrungton, D.C. 20000

Phanag (202) 462-8500
TWX 710-822-9300
FAX 202-328-0566

March 18, 1996

Mr. Harold MclLean

Associate Public Counsel

Office of the Public Counsel

The Flonda Legislature

111 West Madison Street, Room 812
Tallahassee, FL 323991400

Dear Mr. McLean:

I am responding to your letter of January 24, 1996, io Dr. George Hornberger, Editor of
Water Resources Research. We are asking Dr. Hornberger to send Dr. John B. Whitcomb copies
of materials that had previously been sent to him in the course of considering the resubmission of
his paper, “New Directions in Mapping Water Demand Curves,” for publication in Water
Resources Research. The files associated with the original submission of this paper were purged
i accord with the standard procedures at Dr. Hornberger’s office and prior to receipt of your
January 24, 1996, letter. Dr. Whitcomb is free to use these materials at his discretion. We
cannot make any other information about the review of this or any other manuscript available
without violating generally accepted standards for scientific review.

Sincerely,

Judy C. Holoviak
Director. Publications

co George Homberger
John B. Whitcomb
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