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PREFACE

The project memorandum presents results from ongoing work at RAND
on the impacts of the 1987-1992 drought on urban and agricultural users.
It contains a conceptual discussion of the definmition and measurement of
drought impacts in urban areas and an analysis of data colliected from 85
urban water agencies on drought management strategies and customer
responses during the drought. The purpose of this work is to provide
the conceptual framework and background information needed to value the
drought's effect on residential, commercial, and industrial users.

This summer, we plan to publish an evaluation of the impact of
water supply reductions during the drought on San Joaquin Valley
agriculture. In the fall, we plan to issue a final report that combines
the work presented here with estimates of residential losses during the
drought in Alameda County using new statistical estimates of water
demand relationships.

The analysis presented here was funded by California Urban Water

Agencies (CUWA), an association of 11 large wholesale and retail water

agencies, and California's Department of Water Resources.




CONTENTS
= - Lo 2 iii
e T 1 o= = vii
B o R ix
U Y + v v v s e e e a o s s o o s s s osavoosssonanerassnsnassnssssssssssansssnnenns X1
0ol 1 ¢ Ty = Lo (1= o 8 o= xvii
e 5 L) 11 (40 0 ) 1
2. STUDY METHOD S . i i it i it ittt aae e s eaeaoeaaeaseassaeaasaaceeaaeaaeansnns 3
Translation of Water Supply Shortages into Drought Effects...... 3
Valuing Drought Effects . ... ...ttt ittt ettt sttt teteeeeeeenn 4
I TR ol o J R = o e .2 11
3 CHANGE IN WATER USE DURING THE DROUGHT & .. ..t it it it e e i e e e e eea e e 17
Aggregate Water USe ...ttt i iis i vsoasossnessastaseancoennnenn 17
Water Use by Customer Class . ... ..ttt ousaoneeaaaaaaaaa. 20
RS 11127 30
4. DROUGHT MANAGEMENT STRATEGIES . . ... ... ittt e e e e e 33
Water Use ReducCiion GOB1S ... i ittt iinmetoeseneanassneeseaeesnns 33
TOTOE-D oY ol 15 w0, VI 2 T X= R wll o 1 0. o8 o o - 36
Type-0f-Use ResStriChiomS ettt ittt it i et e ot i e e e m et ree aeeeaaas 42
ConsServation Programs . ... o vt i i ittt et et smtee s e 44
20 R = T O o= ¥ s £ 48
Supply AugmenTation SiralegieS . v v nrerererterenaroneraeseeenas 52
B I 11111 = 5y 54
5 CONCLUSION . & it ittt i ittt e s et e amassasecaeseseeeeeeaaeeanancaeaesennnns 55
F T oA = ol = o = 56
Appendix
A, BUYVEY IS UM o v ittt vttt e na et et s s osessosesescaneecnsesnanens 59
B. Survey Respondent S . v it it te it me it rmaaesesennesesesesnsneeenan 73
C. Distribution of 1991 Drought Water Bank Purchases................ 75

< =) o 81



- vii -

FIGURES

Figure 2.1--Translation of Water Supply Shortages into Reduction in
Consumer Welfare .. ... it it tenmneanstosanaossasnsososnanas



Percent Change in Water Deliveries Between 1990 and 1991 by
Customer Class

Number of Agencies Surveyed and Response Rate
Distribution of 85 Responding Agencies by

1991 Population for Respondents Reporting Population and All
Water Agencies

1991 Water Use for Respondents Reporting Water Use for Urban
Agencies and All Water Agencies

Water Use in Responding Agencies

Water Use Per Capita in Southern California
Water Use in the Bay Area

Water Use in the Rest of the State (N=13)
Breakdown of Water Use by Customer Class

Residential Water Use

4

Percent Change in California Wages and Salaries

Water Use by Single-Dwelling Unit Accounts

.

3
3.
3
3.
3
3.
3
3
3

\c o <] Oy U o W b

Water Use for Multiple-Dwelling Unit Accounts
Commercial Water Use

Percent Change in Commercial and Industrial Wages and Salaries
in California.

Industrial Water Use
Public Authority/Institutional Water Deliveries
Agricultural/Horticultural Water Deliveries

Percent Change in Water Use Between 1990 and 1991 by Customer

Water Reduction Goals in 1891
1991 Water Reduction Goals by Customer Class in 1591

Number and Proportion of Agencies Engaged in Various Drought
Management Strategies

Characteristics of Quantity Restrictions Between 198€¢ and 198137

Exemptions from Quantity Restrictions Requested Between 1986 and




4.10.

4.11.

4.12.
4.13.

4.14.
4.15.
4.16.
4.17.

Exemptions from Quantity Restrictions Granted Between 1986 and
= 2 T 35

Number of Penalties and Surcharges Assessed for Quantity
Restrictions in 1991..... et aie et N 40

Percent of Customer Classes Assessed Surcharges for Quantity
Restrictions........ e e taee et e 41

Characteristics of Type-of-Use Restrictions Between 1986 and

199] ... it i c et r e e e 42
Number of Penalties and Surcharges Assessed for Type-of-Use

Restrictions in 19581..... e sttt emaa e et e 43
Expenditures on Conservation Programs (1886-1991)............ 45
Conservation Program Activity per Account for Agencies Reporting
Conservation Activity and Number of Accounts................. 46
Average Agency Revenue per af......... ... 49

Average Water Cost By Region, Agency Size, and Customer Class 50
1991 Water BanKk PUrCRaSeS ¢ v ettt r st nsarsanennoasssannns 52

Availability of Alternative Supplies to Purchases of Water Bank
Water.......coovv.. e aeeae e it i e e e e i 53

Drought Management Strategies that Would Have Been Modified in
the Absence of Water Bank Water .. ... ...t 54




SUMMARY

During the 1987-1992 drought, urban water agencies were frequently
unable to meet the existing consumption patterns of their customers.
They developed policies for resolving the imbalance between supply and
demand that included a mix of quantity and type-of-use restrictions,
public education and device distribution programs, price increases, and
supply augmentation strategies. This report investigates the economic
effects of these drought management policies on urban areas. Such an
assessment can help inform legislators, water managers, and the general
public about the cost of urban water shortages and help in formulating

water policies that are efficient, equitable, and environmentally sound.

VALUING DROUGHT EFFECTS

We begin by evaluating one measure of the costs of water supply
reductions: willingness-to-pay. In the context of the drought.
willingness-to-pay is defined as the maximum individuals would have been
willing to pay to avoid the drought management strategies. We discuss
how variocus drought management policies generate willingness-to-pay
among residential users. We then discuss the effects of water supply
reductions on business firms and how these effects translate into
willingness~to-pay first by individuals who receive firm profits and
then by individuals who receive wages and salaries from the firm. We
conclude that willingness-to-pay is a useful measure of the losses
caused by the drought and we briefly discuss approaches to quantifying

the willingness-to-pay.

MEASURING EFFECTS OF THE WATER SUPPLY REDUCTIONS

In the next section of the report we provide background information
needed to guantify the willingness-to-pay to avoid the drought
management policies adopted during the 1987-1992 drought. We
investigate what type of consumers were affected and how severe the
effects appear to have been. The basis for our discussion is a survey
of 85 urban water agencies scattered throughout the state. The survey

collected data on drought management strategies and consumer response
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between 1986 and 1991. The data collection period began in 1986 because
that was the last normal water before the drought began. Data for 1982

was not available when the survey was fielded, but the impacts of water

supply reductions were likely greatest in 1991. Urban water cutbacks

appear to have peaked in 1991 and then dropped somewhat in 1992,

Changes in Water Use

The bulk of the drought's effects occurred in 19%1. Overall water
use in our sample was fairly stable between 1886 and 1990 but dropped
significantly in 1991. Population grew steadily during this period:
thus, perlcapita water use fell 5 percent between 1986 and 1990 and
another 14 percent in 19%1.

Changes in water use varied across the state. Per capita water use
fell significantly in the San Francisco Bay Area in 1988 and 1985 and
then dropped another 12 percent in 1991. Per capita water use in
Southern Czlifornia changed little between 1986 and 1990 but dropped 16
percent in 1981.

Table S.1 reports the decline in water use between 1990 and 1991 by
customer class. The changes suggest that all customer classes must be
examined in assessing the effects of the drought. In terms of the
agogregate affect of drought management policies, however, the impacts on
residential and commercial classes are probably most important because
between them they account for approximately 85 percent of the water use
in our sample.

We are unable to formally disentangle the effect of the drought
from other confounding factors such as the recession that hit California
at the end of 1990 and changes in industrial wastewater discharge
standards. It appears highly likely, however, that the changes in
residential and public authority/institutional use were largely due to
drought management policies. There is more uncertainty in how much of
the commercial, industrial, and agricultural reductions were due to the

drought, but it seems likely that the drought was & primary factor.




Table S.1

Parcant Change in Water Deliveries Between
1990 and 1991 by Customer Class

Percent

Customer Class Change
Total Water Use -12.4
Residential -14.1
Single Dwelling Unit -19.3
Multiple Dwelling Unit -12.2
Commercial -11.1
Industrial ~-15.6
Public Authority/Institutional -23.0
_Agricultural@ -24.8

ATnecreased groundwater pumping may have partially

offset this decline in agency deliveries.

Drought Management Strategies

The strategies adopted by urban water agencies to curtail use

during the drought may provide additional evidence on the welfare losses

caused by the observed changes in water use. We found that a sizable

proportion of agencies adopted gquantity and type-of-use restrictions,

public education and device distribution programs, price-structure

changes, and supply augmentation strategies.

Our investigation of drought management strategies suggests that

Mandatory quantity restrictions coupled with price surcharges
for excess use were common. The quantity restrictions were
widely violated by residential users. But,.commercial and
industrial users were apparently shielded from adverse impacts
to some extent.

Type-of-use restrictions were common but not well-enforced.
Public education and device distribution programs were
widespread and focused on residential users. These programs
presumably reduced the negative effects of drought management
policies.

Average water cost increased for all customer classes during
the drought, which clearly had negative effects on consumers.

The increases were comparable for residential, commercial, and

industrial users, but lower for agricultural users.
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. More than half the survey respondents received supplies from
the 1991 Drought Water Bank. These purchases amounted to
approximately 10 percent of 1991 usage and suggest that the

Bank generated sizable urban benefits.

CONCLUSION

It appears that the negative effects of the drought were widespread
in 1991. Our findings suggest that effects were focused in the
residential sector which suffered nearly a 20 percent cutback in 1991
water use per capita relative to 1986. Given that residential use
accounts for approximately two-thirds of overall urban water use, this
suggests that studies to quantify aggregate drought effects should focus
on the residential sector.

Water use also declined substantially in the commercial and
industrial sectors (15 percent and 20 percent, respectively, between
1986 and 1991). This is particularly surprising given survey responses
suggest that these sectors were shielded to some extent from drought
nanagement policies. Shielding commercial and industrial users from
drought management policies implies wages, salaries, and profits were
not substantially affected by the drought, even though there were likely
certain subsectors of the economy, such as the landscaping industry,
where the effects were significant.l The large reduction in water use
also suggests that commercial and industrial users may have been able to
absorb relatively large cutbacks without substantial cuts in wages,
salaries, and profits.

Finally, the 1991 Drought Water Bank was an important source of
water to many agencies. A majority of those receiving water had no
alternate sources which suggests that drought effects would have been
considerably worse without the Bank.

Our work on the economic effects of water supply reductions on
urban areas continues. This fall we plan to release a final report that

combines the work presented here with estimates of residential losses

lNote that depressed activity during the drought may possibly be
compensated for by greater activity than normal after the drought.
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during the drought in Alameda County, California using new statistical

estimates of residential water demand relationships.



- Xvii -

ACENOWLEDGMENTS

The analysis presented here would not have been possible without
the information provided by 85 urban water agencies spread throughout
California. Agency staff donated considerable time to fill out a
lengthy and detailed questionnaire on drought management practices and
water use. The agencies responding to our survey are listed in Appendix
B, and we thank them wholeheartedly for their efforts.

We would alsc iike to thank the Project Advisory Committee for help
in defining the project, designing the survey, and encouraging agencies
to £ill out the survey. The committee was headed by Lyle Hoag,
executive director of California Urban Water Agencies {(CUWA). Committee
members were Art Bruington of Municipal Water District of Orange County,
Leo Cournoyer of Santa Clara Valley Water District, Greg Ford of East
Bay Municipal Utility District, Bob Harding and Tim Quinn of
Metropolitan Water District, Ray Hoagland and Steve McCaulay of the
California Department of Water Resources, Chris Morioka cof San Francisco
Water Department, Paul Piraino of Alameda County Water District, James
Van Haun of Orange County Water District, and Richard West of Los
Angeles Department of Water and Power.

Several people provided helpful comments on an initial draft of
this project memorandum. We would like to thank Rosalie Bock, David
Fullerton, Lyle Hoag, Ray Hoagland, and Wendy Illingsworth for their
input.

Theo Downes-Le Guin, Melissa Bradley, Jo Levy, and Beverly Weidmer
of RAND's Survey Research Group provided valuable assistance in
designing and fielding the survey and coding the survey responses. We
thank them for their conscientious work. Jchn Adams also provided
useful advice on survey sampling techniques. Finally, we would like to

thank Pat Williams for her help in typing and correcting the document.



1. INTRODUCTION

Continuing growth and increasing instream water requirements are
stressing the ability of Californmia‘’s current water supply
infrastructure to meet current consumption patterns and increasing the
likelihood of water shortages. 1If California's economy and environment
are to remain healthy, an issue of central importance is the proper
allocation of the state’s limited water supplies.

The 1987-1992 California drought and increasing in-stream water
requirements caused severe water supply shortages. 2An assessment of the
economic impacts of the these water supply shortages on the state's
envircnment, residents, and businesses can help inform legislators,
water managers, and the general public about the cost of water shortages
to various sectors. A better understanding of the impacts of these
shortages will likely help in formulating water policies that are more
efficient, egquitable, and environmentally sound.

The focus of this report is the impact of water supply shortages on
urban areas, and we take advantage of the shortages in urban areas
during the drought to empirically examine these effects. In a 1993
study we outlined a number of approaches for valuing the effect of the
drought on urban users (Mcoore, Pint, and Dixon, 1993). ©One of the
conclusions of that analysis was that no matter what the approach, more
information was needed on the drought management strategies actually
adopted during the drought and customer responses to these strategies.
Therefore, we concluded that the first step in quantifying urban drought
effects--before we could even determine which approach or combination of
approaches to valuing the effects made sense--should be a survey of
urban water agencies to collect the necessary information.

This report presents and analyzes data from a survey of urban
retail water agencies on drdught management policies and consumer
responses between 1986 and 1991. The data collection period begins in
1986 because that was the last normal water year before the drought
began. Data for 1992 were not available when the survey was fielded,

but the drought impacts were likely greatest in 1991. Urban water



cutbacks appear to have peaked in 1991 and then dropped somewhat in 1992
{see California Department of Water Resources, Vol. 1, 1993, p. 65).

The report is organized as follows. Section 2 outlines our
conceptual framework for measuring drought effects and describes our
data collection efforts. We examine changes in water use during the
drought in Section 3 and characterize the drought management strategies
in Section 4. 1In Section 4, we also investigate the effects of the 1531
Drought Water Bank on urban areas. We summarize our findings and
recommend appropriate areas for further research to more accurately
estimate the drought's effects on urban water customers in Section 5.
The survey instrument is included as Appendix A. Listings of the water
agencies that participated in the survey and that received 1991 Drought

Water Bank water follow in Appendices B and C, respectively.




2. STUDY METHODS

in this section, we present a conceptual framework for evaluating
the effects of the 1987-1992 drought and then describe the data
collected to better understand these effects. We first outline the
process through which water supply shortages were translated into
drought effects on urban users, and then discuss how these effects might
be valued. Finally, we describe the survey instrument and methods used
to collect data from urban water agencies and the resulting response

rates.

TRANSLATION OF WATER SUPPLY SHORTAGES INTO DROUGHT EFFECTS

During the 1987-1992 drought, urban water agencies were frequently
unable to meet the demands of their customers at prevailing water
prices. They were thus forced to develop policies for resolving the
imbalance between supply and demand. These policies included a mix of
price increases, guantity and type-of-use restrictions, conservation

programs, and attempts to augment supplies. The mix of policies chesen

determined which users were most affected by water supply shortages and

the degree to which they were affected.

Changein
b— Education —= Actual
Water Drought | Pricing ~— Users / Water Use
Supply —| Management . Residential
2 — R t |
Shortages Policles estrictions == ot | T~ Change in
~— Appeals Welfare

Figure 2.l1--Translation of Water Supply Shortages into
Raduction in Consumer Welfare




Figure 2.1 illustrates how water agency policy translates water
supply shortages into changes in actual water use and consumer welfare.l
The figure shows that the size of the water supply cutbacks, the drought
management strategies adopted by water agencies, and customer response
to these policies must all be considered when determining the effect of
water supply shortages on welfare.

An appropriate measure of the drought’'s effects is to compare what
actually happened during the drought with what would have happened had
there been no drought. We can observe what actually happened, but we do
not observe what would have happened had there been no drought, and
assuming that all changes observed were due to the drought is almost
certainly incorrect. For example, the California economy went into
recession toward the end of 1990, and industrial firms were facing
increasingly strict enforcement of waste water treatment standards.? To
isolate the effect of the drought on urban users, we need to control for

factors other than the drought that affected consumer welfare between

1987 and 1992.

VALUING DROUGHT EFFECTS

One measure of changes in welfare that is widely used in the
economics literature is willingness-to-pay.? In the context of the
drought, this measure of loss is defined as the maximum individuals
would have been willing to pay to avoid the drought management
strategies adopted by water agencies.4 Because the value of money
varies across individuals, the willingness-to-pay for two individuals

may be identical, but their actual changes in welfare may be very

ljelfare is a term generally used synonymously with happiness or
satisfaction in the economics literature. An individual's welfare is
determined by the goods and services bought and the prices paid in the
market as well as nonmarket or nonpriced goods such as clean air, clean
water, and public parks (see Just, Hueth, and Schmitz, 1882, p. Y. We
examine changes in consumer welfare due to drought management policies
adopted by water agencies.

2pdopting new waste water treatment technologies usually makes
disposal of waste water more expensive and thus may reduce industrial
demand for intake water.

3Jgee for example Just, Hueth, and Schmitz, 1982.

4Tn economics terminology, the maximum amount a consumer oOr firm
would have been willing to pay is called the compensating variation.




different.”® However, adding up willingness-to-pay across individuals
gives a measure of how much society would be willing to invest to avoid
similar drought management policies in the future.

Below, we first discuss how various drought management policies
generate a willingness-to-pay among residential users. We then discuss
the effects of drought on commercial and industrial firms and how these
effects translate into willingness-to-pay first by individuals who
receive firm profits and then by individuals who receive wages and
salaries from the firm. Finally, we briefly discuss approaches to

quantifying the willingness-to-pay.

The Effect of Drought Management Policies for Residential Use on
Willingnegs-to-Pay

As menticned above, water agencies adopt a wide variety of
strategies to reduce residential water use during the drought. We now
discuss how the most common translate into the willingness-to-pay to
avoid the drought management programs adopted by urban water agencies.

Type-of-Use Restrictions. Many water agencies adopt type-of-use
restrictions during periods of drought. Examples include prohibitions
on washing off driveways and sidewalks, irrigating residential lots
during the day, and allowing water from sprinklers to run off into
gutters. Although some consumers are unaffected by these restrictions,
those whose behavior is constrained are worse off under type-of-use
restrictions. If they observe the restrictions they forge the net

benefits of some water uses. If they do not observe the restrictions,

they risk being caught and paying penalties.® Consumers consequently

would be willing to pay some amount to avoid these restrictions.

“One would expect that an additional dollar generates less utility
for a very rich individual than for a poor one.

SDuring 1986-1992 drought, the penalty for violating a type-of-use
restriction was usually a fine. These fines typically increased with
each successive violation, culminating, at least in principle, in the
installation of flow restrictors or the termination of water service.
In deciding whether to observe a type-of-use restriction or not, a
consumer must trade off the expected cost (probability of being caught
multiplied by the fine) with the net benefit (benefit minus water cost)
of engaging in the restricted activity.




The magnitude of the willingness-to-pay to avoid type-of-use
restrictions is presumably a function of the type of restrictions, how
often the user engaged in the restricted activity prior to the drought,
the probability of being caught, and the penalty if caught.

Price Increases. Water agencies may attempt to reduce residential
water consumption by increasing water price. The loss to the consumer
consists of two parts. First, the consumer pays more than he or she
would have for a given amount of water. Second, the higher price will
presumably cause the consumer to consume less water, and the consumer
forgoes the net benefit of water that is no longer consumed. To avoid
these losses, consumers would be willing to pay the sum of the increased
water costs on units consumed during the drought plus the forgone net
benefit of the reduced water use.

Quantity Restrictions. Water agencies may restrict the amount of
water that a household can buy in a given period. If this restriction
is binding and observed by the household, there is clearly & loss to che
householé. The household loses the net benefits of the forgone water
use and would be willing to pay a positive amount to avoid the
restriction.

To enforce quantity restrictions, agencies often adopt surcharges
on household water use abo#e the target. These surcharges in effect
create an increasing block-rate price schedule and make the quantity
restriction resemble a type of price increase. These types of gquantity
restrictions thus generate willingness-to-pay as described previously
for price changes. Some agencies also adopt increasingly severe fines
for violating gquantity restrictions culminating in the installation of
flow restrictors or service cutoff. The cost of such penalties
increases the consumer's willingness-to-pay to aveid the restrictions.

When deciding whether to observe quantity restrictions, consumers
presumably weigh the forgone benefits of reduced consumption with the
penalties and surcharges. Gilving consumers the choice of violating
guantity restrictions, even with substantial penalties or surcharges,
will result in a willingness-to-pay to avoid the drought that is no
higher and most likely lower than if consumers had no choice but to obey

quantity restrictions. Consumers may be better off because they can




choose to consume additional -water if its value in use is higher than
the surcharge.

Conservation Programs. Water agencies often adopt a variety of
water conservation programs during times of short supply. When
analyzing willingness-to-pay it is useful to divide these programs into
two categories: device distribution programs and education programs.
Device distribution programs usually involve free distribution of low-
flow shower heads, toilet dams, or toilet leak detectors and sometimes
sizable rebates for installing ultra-low-flush (ULF) toilets.

In deciding whether to install the conservation devices or not, the
consumer presumably weighs any expected reduction in satisfaction from
water use {for example, decreased water flow from a low-flow showerhead)
with the cost savings and behavioral changes that would be made if the
devices were not installed (for example, shorter showers).’ Consumers
presumably also consider water costs and the probability of vielating
drought guantity restrictions with and without the conservation devices
and weigh the benefits and costs over time--both for the expected
duration of the drought and subsequent periods when drought management
strategies are not in effect.® Device distribution programs are
voluntary and presumably reduce the negative effects of the drought
management programs as measured by willingness-to-pay.

Education programs can take many different forms. Common are
public education programs such as bill inserts, television, radio and
newspaper announcements, school programs, and public displays. Agencies
may also provide individual water audits to identify water saving
possibilities at little or no cost.

Public education programs may reduce consumers' willingness-to-pay
to avoid drought management strategies. They may decrease willingness-
to-pay by providing information that would otherwise be difficult for
consumers to obtain and may enable consumers to better control their

water use. For example, by learning the major water uses in their home,

TExpected reductions in satisfaction due to conservation devices
may not actually materialize, however.

Bpevices that are easily removed, for example low-flow showerheads,
may also be replaced by the consumer when drought management policies
are suspended.



consumers may be better able to identify low-value water uses that they
can cut back with little negative effect. Public education programs may
also reduce willingness-to-pay to avoid drought management programs by
increasing consumer awareness of the environmental consequences of water
diversions during drought. For example, an individual may be willing to
pay very little to avoid drought management programs if the additional
water would come from environmentally sensitive areas.’®

Public education programs may also increase consumer willingness-
to-pay to avoid drought management policies. For example, public
education programs may link good citizenship with water censervation and
thus increase the cost (not monetary, but in terms of satisfaction and
happiness) to the individual ecf violating quantity or type-of-use

restrictions.19

Willingness-to-Pay Induced by Drought Management Strategies for Business

Willingness-to-pay can also be used to measure the effect of the
drought management policies on business firms, which affects the incomes
of individuals who work for the firm, individuals who receive firm
profits, and consumers who buy the firm’s products. We first turn our
attention to individuals who receive firm profits.

As discussed in subsequent sections, many of the drought
management policies applied to residential consumers during the drought
were also applied to businesses. These policies may affect firm
profitability, although to widely varying degrees. For example,
restrictions on washing down hard surfaces may have little effect on
firm profitability, but water price increases may have a more
significant effect. Profits may fall in the face of higher prices both
because firms must pay a higher cost for a given amount of water, and
also because higher water costs may cause the firms to reduce the amount
of water consumed and production levels, eliminating the profit from

units that are no longer produced.

%In economics terminology, the ecosystem health would be an
argument in individual utility functions.

10yere, concern over how others perceive the individual enters the
individual's utility function.




Drought management policies may also reduce the incomes of

individuals who earn wages and salaries at firms if they cause firms to
cut back on work hours or lay off workers. For workers whose hours are
cut back, the willingness-to-pay is a function of the reduction in
earnings. For workers who are laid off, the cost of finding a new job
{including moving costs), the lost income during the period of
unemployment, and any difference between the wages of the new and old
jobs also contribute to the willingness-to-pay.

Firms may not only be directly affected by drought management
strategies, but indirectly affected. Drought management strategies may
reduce the demand for a firm's product and consequently its profits and
wages and salaries. For example, restrictions on outdoor watering by
residential customers may decrease the demand for landscape services and
reduce profits, wages, and salaries in the landscaping industry.

Consumers may be adversely affected by increases in product prices
due to the drought. Some firms may be able to pass on higher water
costs to the consumer or a reduction in production may force product
prices up. Consumers would be willing to pay to avoeid these price
increases.

Finally, it is important to note that some firms will be favorably
affected by the drought and others may find some adverse impacts
reversed once the drought has ended. For example, demand for certain
goods, such as water conservation devices, will likely increase. And,
after the drought is over, there may be unusually high demand for

nursery products and landscaping services.

Quantifying Willingness~to-Pay

There are two basic approaches to quantify the willingness-to-pay
to avoid the consequences of water supply shortages. First, individuals
can be surveyed to directly elicit willingness-to-pay. Individuals can
be asked how much they would have paid to avoid the negative effects of
the 1986-1992 drought or of a hypothetical drought of similar

characteristics.ll Second, estimates of water demand relationships

llgee for example Carson and Mitchell, 1987 or Barakat &
Chamberlin, Inc., 1994.




(which capture the relationship between water price, household income,
drought management strategies, and other variables and household water
use) and labor supply relationships can be used as the basis for
analytically determining willingness-to-pay {(see Moore, Pint, and Dixon,
19983, pp. 27-32).

Both approaches have advantages and drawbacks. The advantage of
the survey approach is that it directly focuses on the question of
interest and can measure willingness-to-pay caused by all different
types of impacts, whether reductions in hours worked caused by business
slowdown or drought management policies targeted at the home. One
disadvantage is that respondents do not have to actually make the
payments they report and thus may over- or understate their willingness-
to-pay to avoid the drought. A second disadvantage is that respondents
may have little experience valuing these types of losses and may not
give realistic answers, particularly if they have never experienced the
loss. 12

Determining willingness-to-pay by way of demand curve analysis can
be done more quickly and more cheaply than using a survey approach if
demand relationships that existed before the drought are used. However,
these relationships may not accurately capture consumption responses to
the various drought management programs implemented duriﬁg the
drought .13 Thus, empirical work using data during the drought is likely
to be necessary. Furthermore, there are a number of technical issues
that need to be addressed before willingness-to-pay can be derived from

demand relationships and the observed drought management strategies.l®

12por example, many people bought flood insurance after the 1993
Mississippi flood who had not purchased insurance prior to the flood.
See Kunreuther, 1978, for evidence that people tend to underestimate
losses from floods, earthguakes, etc., ex ante.

lipor example, water prices during the drought may be outside the
range ochserved before the drought.

l4por example, the error introduced by using uncompensated demand
curves rather than compensated demand curves must be evaluated (see
Just, Heuth, and Schmitz, 1982, Chapters é and 7).




Drought Effects Ovar Time

In concluding this discussion of a conceptual framework for
evaluating drought effects, we briefly discuss valuing drought effects
over time. Even though consumers can adjust consumption patterns very
guickly, they likely can implement conservation technigues that minimize
the losses from reduced consumpticn only gradually over time. Thus, it
is reasonable to expect that the negative effects of drought management
policies would be greatest at first and then decline somewhat over time
as individuals adapt. This suggests that, ideally, measures of drought
effects should look for responses over time that reduce consumer

willingness-to-pay to avoid the consequences of water supply shortages.

DATA COLLECTION

The first step in quantifying the willingness-to-pay to avoid the
drought is to develop information on the types of drought management
strategies adopted by water agencies, where and when the effects appear
most significant, and what types of customers seemed to be mdst
affected. To do this, we collected data on water use and drought
management policies between 1986 and 1991 from urban water agencies
across the state and combined it with data on economic activity in
California over the same period. The data collection period begins in
1986 because 1986 was the last normal water year before the 1987-1992
drought began. Data for 1992 was not yet available at the time the
survey was conducted.l1%

Below, we describe our survey approach, sample selection, response

rates, and the characteristics of the sample.

Survey Approach
We conducted a mail survey with telephone follow-up of a sample of

urban water agencies in California.l® The survey asked for detailed

information on

15Even though we do not have data on the last vear of the drought,
it appears that we do have data on the years when the effects were most
severe. Urban water cutbacks appear to have peaked in 1991 and then
dropped somewhat in 1892 {see California Department of Water Resources,
Vol. 1, 1993, p. 65}.

16rhe survey instrument is attached as Appendix A,
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. Water agency revenues

. Number of customer accounts by customer class (residential,
commercial, industrial, etc.)

. Water supplies and deliveries by customer class

. Drought management programs

. Water rates

. Deliveries and use of water from the 1991 Drought Water Bank,

which was run by the California Department of Water Resources.

Annual data were collected for all variables except water deliveries.
Quarterly data were collected for water deliveries first because
agencies report water use over water years that end in different months,
and we wanted to obtain a consistent time-profile of water use across
agencies. Second, water use is highly seasonal, and quarterly data
allow us to igdentify different responses to the drought in summer and in
winter.

To test the survey instrument, we sent the survey out to 10
agencies in the fall of 1992 and received 6 responses. The instrument
was revised based on these responses, but only minor changes were

necessary.

Sample Selection

The survey sample was drawn from a list provided by the california
Department of Water Resources {DWR}) of 684 water agencies that
distribute drinking water to the public. This list includes all
agencies that serve populations over 3,000 and provide over 3,000 acre-
feet per vear as well as some smaller agencies. Because we did not want
to spend limited survey resources on agencies with relatively few
customers, we decided to drop from the list agencies serving populations
less than 10,000. DWR, however, did not have population data for ail
the agencies, so we added agency population provided by the Office of

Drinking Water in California's Department of Health Services to the DWR
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l1ist.1l?” We were able to determine that 338 of the 684 agencies had
populations over 10,000. We were not able to determine population for
193 agencies, but these appeared to be predominately small agencies.

We used a proportionate sampling technique to draw a sample of 200,
wheére the probability of being selected was proporticnal to the
population served by the agency. Table 2.1 shows that 87 of the 207
agencies with population between 10,000 and 50,000 were selected (42
percent), 58 of the 75 agencies with population between 50,000 and
100,000 (77 percent), and 55 of the 56 agencies with populations greater
than 100,000 (98 percent}.

Table 2.1

Number of Agencies Surveyed and Response Rate

Pretest survey
All Water Respon- Respon- Percent
Agencies® Sampled dents Sampled dents Responding
Total 338 10 6 200 79 40
Agency Population
{thousands)
10 to 50 207 5 3 87 22 25
50 to 100 75 5 3 58 27 47
> 100 56 0 0 55 30 54
Region
Bay AreaP 51 3 1 30 16 53
So. california® 182 7 5 117 44 38
Rest of State 105 0 0 53 19 36

@agencies with service area populations greater than 10,000,

bAlameda, Contra Costa, San Mateo, San Francisco, Marin, Santa Clara,
and Sonoma Counties.

CLos Angeles, Orange, Riverside, San Bernardino, San Diego, and
Ventura Counties.

Survey Implementation and Response Rate
We mailed the survey in February, 1993. To encourage agencies to
commit the considerable resources necessary to complete the survey, an

initial contact letter describing the project was sent by the general

17The Office of Drinking Water in California's Department of Health
Services lists 1,250 water agencies that distribute drinking water and
have over 200 service connections.
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managers of the CUWA member agencies. RAND staff then contacted the
sampled agencies by telephone asking the initial contact person to
designate a staff member to receive the survey and be responsible for
_returning it. RAND staff and, in some cases, CUWA representatives made
follow-up telephone calls to non-respondents over a period of several
months. Rather than fill out the entire survey themselves, most
agencies enclosed materials that contained parts of the information
requested. We then abstracted the information onto the survey forms.

When the survey period was closed in July 1993, 79 of the 200
sampled agencies had responded {40 percent}. This relatively low
response rate was due in part to the length of the survey and in part to
the type of information requested. Many agencies did not keep records
of some of the information requested and in many cases considerable
effort was required to construct it. As will become apparent in the
following sections, many agencies only partially completed the survey.
Our experience illustrates the difficulty of assembling the data needed
to evaluate the effects of the drought.

The response rate varied by agency location and population. As
shown in Table 2.1, the response rate was higher in the Bay Area than
other parts of the state and higher in agencies with larger service area
populations. Large agencies in the sample were not disproportionately
located in the Bay Area so both location and population appear to be

important in explaining response rates.

Characteristics of Responding Agencies

Because the survey instrument used in the pretest was very similar
to the final survey instrument, we added the six agencies responding to
the pretest to the 79 agencies responding to the survey for the purposes
of analysis. Table 2.2 reports the breakdown of the resulting 85
responding agencies by location and population. The responding agencies
are distributed fairly evenly by population. This contrasts with the
distribution of all urban water agencies with population greater than
10,000, which, as shown in Table 2.1, is heavily weighted toward
agencies serving smaller populations. The difference is due to the

over-sampling of larger agencies. Most of the responding agencies (58




percent) are in Southern California, but this corresponds fairly closely

with the distribution of all urban water agencies with population
greater than 10,000.

Even though the number of water agencies responding to the survey
is not large relative to the total number of water agencies in the
state, the responding agencies account for a sizable proportion of the
total state population. O©Only 60 of the B5 responding agencies were able
to estimate the population in their retail area, but the population in
these 60 agencies was 36 percent of the total population (see table
2.3). A higher percent of the Bay Area population was covered by the
responding agencies, and, as expected, the vast majority of the
population in the responding agencies was in those agencies with the

largest populations.

Table 2.2

Distribution of 85 Responding Agencies by
Location and Size (Percent)

Agency Population (1000s)
Location 10 to 50 50 to 100 > 100 All Sizes

Bay Area 2 20
8¢ California 22 58
Rest of State 5 22

All locations
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Table 2.3

1991 Population for Respondents Reporting Population
and All Water Agencies
{N=65)

Population {(1000s)

Number All Water
Responding Respondents Agencies?@ Percent
Total 60 11,113 30, 646 36
Region
Bay Area 13 3,332 5,665 59
So. California 31 6,121 17,511 35
Rest of State 16 1,660 7,470 22
Agency population
{thousands)
< 10 0 0 NA NA
10 to 50 15 517 NA& NA
50 to 100 22 1,651 NA NA
> 100 23 8,945 NAa NA

NA = Not Available.
8cglifornia Statistical Abstract, 1992, Dept. of Finance,
State of California, p. 13.

Table 2.4

1991 Water Use for Respondents Reporting Water Use
for Urban Agencies and All Water Agencies
(N=60)

Water Use (1000s af)?

Number All Water
Responding AgenciesP Respondents Percent

Total 65 7,800 1,995 26
Region

Bay Area 14 1,300 480 37

So. California 37 4,0004d 1,266 32

Rest of State 14 2,500 249 10
Agency population
(thousands)

< 10 0 NA o NA

10 to 50 16 NA 92 Na

50 to 100 23 NA 255 NA

> 100 26 NA 1,648 NA

NA = Not Available.

80ne acre-foot is approximately 326,000 gallons.
bealifornia Department of Water Resources, 1993, p. 168.
€gan Francisco Hydrologic Regiocn.

dsouth Coast Hydrologic Region.




A sizable proportion of total urban water use is provided by the

responding agencies. As shown in Table 2.4, the 65 agencies that were

able to provide information on water use supplied 26 percent of urban

water use in the state. The coverage ranged from 37 percent in the Bay

Area to 10 percent in the rest of the state, and, again, the vast bulk

of the water was supplied by agencies with the largest populations.




3. CHANGE IN WATER USE DURING THE DROUGHT

This section presents our findings on water use for the surveyed
urban water agencies between 1986 and 1991. As discussed in Section 2,
these changes are the result of the full range of factors affecting
water use. In addition to the drought management strategies adopted by
water agencies, these factors include changes in weather, the overall
economy, population, and industrial wastewater discharge regulations.
To the extent possible we make inferences in this section on the
importance of the various factors in explaining changes in water use.

We first discuss aggregate water use and then present water use
by customer class. The customer classes we examine are residential,
commercial, industrial, public authority/institutional, and
agricultural/horticultural. When possible, residential use is broken

down into single-dwelling unit and multiple-dwelling unit use.

AGGREGATE WATER USE

As shown in Table 3.1, overall water use for the 53 agencies that
were able to provide data on water use and population was fairly stable
between 1986 and 1990 but then dropped significantly in 1991.18
Population grew steadily during this period with the result that per
capita water use fell 5 percent between 1986 and 1990 and another 14
percent in 1991 {see last column of Table 3.1).

There was some variation in changes in water use across the state.
Per capita water use in Scuthern California changed little between 1986
and 1990 but then dropped 16 percent in 1991 (see Table 3.2). A similar

pattern occurred in the rest of the state (areas outside Southern

18Throughout this report, we sum various measures of water use and
conservation program activity across the agencies in the sample. Thus
larger agencies have more influence on changes over time than the
smaller agencies. In evaluating overall urban water use in California,
this seems appropriate because larger agencies account for a greater
proportion of water use than smaller agencies. We have not reweighted
our sample to adjust for difference in sampling and response rate by
agency population or region. Further work is necessary to determine if
such reweighting would change our results significantly.




california and the Bay Area) although the declines between 1986 and 1890

were somewhat larger and the drop in 1991 was not as severe (see Table

3.4). Per capita water use dropped earlier in the Bay Area: as shown

in Table 3.3, water use fell significantly in 1988 and 1989 and then

dropped another 12 percent in 1991.

Table 3.1

Water Use in Responding Agencies

(N=53)

Total
Water
Use

{1000s

of af)

Percent
Change

Population
(1000s)

Water
Use per
capita
{af per
capita)

Percent
Change

Percent
Change

1806
1855
1828
1840
1840
1611

2.
-1.
0.

-12.

9,659
9,852
10,044
10,208
10,376
10,550

0.187
.188
.182
.180
177
.153

0.7
-3,
-1.
-1.

-13.

Table 3.2

Water Use Per Capita in Southern Califormia

(N=28)

Total
Water
Use
(1000s
of af)

Percent
Change

Population

(1000s)

Water

Use per

capita
Percent
Change capita)

(af per

Percent
Change

1,049
1,070
1,092
1,136
1,127

966

2.
2.
4,
-0.
-14.

5,328
5,464
5,552
5,671
5,768
5,890

-- 0.197
.19¢6
.197
.200
.195
.164

-0.6
0.5
1.5

-2.5

~-15.9
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Table 3.3
Water Use in the Bay Arxea
(N=12)
Total Water
Water Use per
Use capita

(1000s Paercent Population Percent {af per Percent

of af} Change {1000s) Change capital Change
1986 504 —— 3,037 ——— 0.166 -——
1987 528 4.8 3,061 0.8 0.173 3.9
1988 470 -10.0 3,079 0.6 0.153 -11.6
1989 436 -7.2 3,092 0.4 0.141 -7.8
1990 450 3.2 3,116 0.8 0.144 2.1
1991 398 -11.5 3,132 0.5 0.127 -11.8

Table 3.4
Water Use in the Rest of the State
{N=13)
Total Water
Water Use per
Use capita

{1000s Percent Population Percent {af per Percent

of af) Change {1000s) Change capita) Change
1986 253 -——- 1,284 -—- 0.195 -
1987 257 1.5 1,326 2.5 0.194 -G.9
1988 266 3.5 1,412 6.5 0.189 -2.6
1989 268 0.8 1,442 2.1 0.186 -1.6
1990 264 -1.5 1,493 3.5 0.177 -4.8
1991 247 -6.4 1,527 2.3 0.162 -8.5

Per capita water use

in Southern California and the Rest of the

State were similar at the beginning and end of this period--starting at

approximately 0.20 acre-feet per capita in 1986 and dropping to
approximately 0.16 acre-feet per capita in 1991.

in the Bay Area was substantially lower, however.

Per capita water use

Its 1986 value was

close to the 1991 level in the other parts of the state and fell to 0.13

acre-feet in 1991.

These differences presumably reflect differences

between the Bay Area and other parts of the state in weather and

conservation efforts.
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Even though these changes in aggregate per capita water use reflect
the changes in the full panoply of factors affecting water use, in
Section 4 we will see that these declines correspond in time to the
drought management policies adopted by water agencies. The sudden
decline in overall water use in 1991 thus suggests that the drought
management programs did have an effect throughout the state in 1991.

The pattern of water use in the Bay Area suggests that the drought

affected the Bay Area starting in 1988.

WATER USE BY CUSTOMER CLASS

As shown in Table 3.5, residential use accounted for almost two-
thirds of overall urban water use in 1986 with total use by single-
dwelling units roughly twice as large as that by multiple-dwelling
units. Commercial use accounted for 21 percent of use, and industrial
and public authority/institutional use accounted for roughly 5 percent.
Only 1 percent of water use went to urban agricultural/horticultural
users in 1986.1° This suggests that, when evaluating aggregate
willingness-to-pay to avoid the drought across all classes of water use,
residential use is of primary concern. Next in importance is the
commercial sector. The industrial and pubiic authority/institutional
sectors may make some contryibution, but probably not much, and changes
in urban agricultural uses will likely have little effect on the
aggregate willingness-to-pay.

Surprisingly, there was wvery little change in the breakdown of
water use by customer class between 1986 and 1991. At first thought,
this might suggest that the drought similarly affected the wvarious
customer classes. However, this comparison does not control for
differing growth rates in the various sectors and other confounding
factors that differentially affected customer classes, for example,
changes in the economy and in industrial wastewater discharge standards.
It also may be that the willingness-to-pay to avoid a given cutback

varies a great deal across sectors. To develop a better understanding

1%These proportions are similar to those reported by the
Metropolitan Water District of Southern California in their 1990 report
although the percent consumed by single-dwelling units in the responding
agencies is gomewhat greater (MWD, 1990, p. 27).
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of how the drought effects varied by customer class, we now investigate

changes in water use by each customer class.

Table 3.5

Breakdown of Water Use by Customer Class
{N=44, percent)

1986 1991

Residential 64 64
Single-Dwelling Unit 41 49
Multiple-Dwelling Unit 23 24
Commercial : 21 21
Industrial 5 5
Public Authority/Institutional 6 5
Agricultural/Horticultural 1 i
Other 3 3
Total 100 100

Residential Water Use

Resgidential water use in the responding agencies remained stable
through 1990 but then fell 14 percent in 1991. When adjusted for
population growth, residential use fell somewhat between 1986 and 1990
but dropped approximately 15 percent in 1991 (see Table 3.6). This
closely mirrors the change in total use per capita, as ought to be
expected because residential use accounts for almost two-thirds of

overall use.




Table 3.6

Residential Water Use
{N=40)

Total Water
Water Use per
Use Capita
{1000s Percent Population Percent (af per Percent
of af) Change (1000s} Change capita) Change

1,057 - 8,635 -—- 0.122 -—-
1.089 3. 8,795 . .123 1.
1,061 -2. 8,937 . L1189 -3.
1,063 0. 9,033 . .118 -0.
1,053 -0. S,146 . .115 -2,
505 -14. 9,267 . .098 -14.

One factor other than the drought that may have contributed to the
sharp decline in residential water use in 1991 is the economic recession
that hit California at the end of 1990. Table 3.7 shows that per capita
wages and salaries adjusted for inflation fell almost S5 percent in 1821,

and because residential water use is affected by household income, this

drop in real income could have caused a drop in water use. The drop in

income, however, is not nearly enough to explain the drop in residential
water use. The income elasticity for water demand is generally thought
to be substantially less than one even in the long-run, which means that
the decline in income would probably have reduced residential water use
by less than 5 percent.2?? Other confounding factors need to be
examined, such . as changes in weather, which also affects water use, but
it is likely that a substantial portion of the 14 percent drop in per
capita residential consumption was due to the drought management
programs adopted by water agencies. This suggests that the drought
management programs for residential use generated a willingness-to-pay

to avoid the consequences of such programs.

_ 20For example, Griffin and Chang report long-run income
elasticities for water use between 0.30 and 0.48 (Griffin and Chang,
1990) and Sewell and Roueche report a long-run income elasticity of 0.19
{(Sewell and Roueche, 1874). Short-run elasticities are presumably even
lower.
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Table 3.7

Percent Change in California Wages and Salaries
and Population

Real Wages Real Wages

and and Salaries

Salaries Population per Capita
1986 -—— -——- -
1987 4.9 2.2 2.7
1988 3.7 2.5 1.1
1989 2.1 2.5 -0.4
1990 1.6 3.1 1.4
1991 -2.8 2.0 -4.7

Source: California Statistical Abstract, 1993, pp.
10,52,60. Wages adjusted using consumer price index.

The declines in use per account were larger for single-dwelling
units than multiple-dwelling units (Tables 3.8-3.9).21 The difference
ig substantial and suggests that drought management programs targeted
single-dwelling units or that single-dwelling units were more responsive
to the programs.2? Greater cutbacks by single-dwelling units does not
necessarily mean that the willingness-to-pay {adjusted for number of
units) is greater for single-dwelling units than multiple-dwelling unit
users. Cutbacks by single-dwelling unit users could have been
restricted to low-value uses to a greater extent than those by multiple-

dwelling unit users.?3

2lpopulation living in multiple- and single-dwelling units was not
available, thus multiple- and single-dwelling use is normalized by the
number of accounts. The percent change in the number of accounts,
however, closely parallels percent change in population.

22Myltiple-dwelling unit users may have been less responsive to
drought management programs for several reasons. First, a landlord
often pays the water bill for multiple-dwelling units and higher water
costs may only appear as rent increases much later. Second, because
there is only one water meter for many users, savings by one user are
split among many users. Third, multiple-dwelling unit users may have
fewer low-value uses to cut back than single-dwelling unit users.

23por example, outdoor use accounts for a larger share of total use
for single-dwelling units than multiple-dwelling units, and it may be
less painful to reduce cutdoor use than indoor use.
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Table 3.8
Water Use by Single-Dwelling Unit Accounts
(N=25)
Total Water Use
Water Use per Account

{1000s Percent Accounts Percent (af per Percent

of af) Change {1000s) Change acckt.) Change
1986 506 -——- 1,185 —-——— 0.427 -
1987 518 2.4 1,189 1.2 0.432 1.1
1988 503 -2.9 1,187 -1.0 0.424 -1.9
1989 502 -0.2 1,198 0.9 0.420 -0.9
1990 487 -3.0 1,209 0.9 0.402 -4.3
1991 393 -19.3 1,216 0.6 0.324 ~-19.4

Table 3.9
Water Use for Multiple-Dwelling Unit Accounts
(N=22)
Total Water Use
Water Use per Account

{1000s Percent Accounts Percent {af per Percent

of af) Change (1000s) Change acct.) Change
1986 2786 -—- 148 -——- 1.86 -——
1987 280 1.6 145 0.8 i.88 0.8
1588 280 0.0 151 1.3 1.85 -i.86
1989 286 2.1 153 1.3 1.87 1.1
1990 279 -2.4 155 1.3 1.80 -3.7
1991 245 -12.2 156 0.6 1.56 -13.3

Commercial Water Use

Commercial water use fell somewhat between 1986 and 1990 but then
fell approximately 11 percent in 1991 (see Table 3.10).%% The decline
in commercial water use is likely due in part to agency drought
management programs and in part to the recession that hit California at
the end of 1990. Even though we found it likely that much of the change
in residential water use can be attributed to the drought, there is much
more uncertainty in how much of the fall in commercial use is drought-

related. The recession may explain a large part of the nearly 3 percent

24por completeness, the number of commercial accounts and
commercial use per account is also reported in Table 3.10.
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fall in commercial wages and salaries in 1991 (see Table 3.11) as well

as some of the decline in commercial water use.

Table 3.10
Commercial Water Use
(N=37)

Total Water Use

Water Use per Account
(1000s Percent Accounts Percent {af per Percent
of af) Change {1000s) Change acet.) Change
1986 405 - 209 -—- 1.94 ———
1987 414 2.1 215 2.8 1.92 -0.7
1988 401 -3.1 200 -7.0 2.01 4.7
1989 390 -2.7 203 1.5 1.92 -4.5
1990 389 -0.3 206 1.5 1.89 -1.6
1991 346 -11.1 208 1.0 1.67 -11.6

Even though we cannot isolate drought effects from other factors,
based on the data presented here, we can infer that changes in water use
caused by the drought are reflected less than proportionately in changes
in wages and salaries. First, observe that commercial water use fell
nearly 12 percent in 1991 while wages and salaries fell only 3 percent.
These changes were caused by both the drought and other factors, but it
is likely a similar relationship would remain if all factors other than
the drought had remained unchanged. Taking this argument one step
further, presumably a 100 percent water cutback for a commercial firm
would result in closure of the firm and a 100 percent cutback in wages
and salaries. Thus, the less than proportiocnal relationship between
water use and wages and salaries suggested during the drought (12
percent drop in water use versus a 3 percent drop in wages and salaries)
would be offset with a greater than proporticnal relationship at higher
cutbacks. This suggests water cutbacks over an initial range probably
have little effect on commercial wages and salaries, but have
increasingly severe effects as cutbacks escalate. It appears, however,
that the drought management policies in 1991 cauged cutbacks that fell

into the initial range.




Table 3.11

Percent Change in Commercial and Industrial
Wages and Salaries in Califormnia
(adjusted for inflation)

Commercial Industrial

1986 - -

1987 6. 1.8

1988 4. 2.5

1989 2. -0.7

1980 2. -2.2

1981 -2.6 -4.1

Source: California Statistical Abstract,
1993, pp. 52,60. Wages adjusted using
consumer price index.

Another important aspect of drought effects is the effect on firm
profits and thus on the individuals who receive profits, such as small
husiness owners and shareholders. Data on profits by sector over this
period is not readily available so we did not investigate the
relationship between water cutbacks and changes in profit. However, it
is likely that the relationship would be similar to that for wages and
salaries but that significant changes in prefits would occur before

changes in wages and salaries.<S

Industrial Water Use

Industrial water use fell approximately 5 percent between 1386 and
1990 but then fell nearly 15 percent in 1991 (see Table 3.12). This is
as large as the fall in residential use and suggests that industrial
users were affected by drought management policies. Some industrial
users may have their own groundwater pumps, however, and partially
offset reduced water agency deliveries by increased groundwater pumping.
Changes in industrial groundwater use during the drought remain to be

examined.

251f firms expect water supply shortages are short-term, they may
want to conserve firm-specific human capital and meintain worker
goodwill and thus be willing to forgo profits before reducing wages and
salaries.
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Table 3.12
Industrial Water Use
(N=28)
Total Water Use
Water Use per Account

{1000s Percent Accounts Percent (af per Percent

of af) Change (1000s) Change acct.) Change
1986 93.3 -— 16.9 ——- 5.51 -——-
1987 94.5 1.3 18.1 6.7 5.24 -5.0
1988 94.7 0.2 17.4 -3.9 5.43 3.6
1989 82.1 -2.7 17.6 1.1 5.73 5.5
1990 88.3 -4.1 17.6 0.0 5.03 -12.2
1991 74.5 -15.6 17.4 -1.1 4.27 -15.1

The same problem disentangling the drought effect from other
effects holds for industrial use as held for commercial use. As shown
in Table 3.11, industrial wages and salaries stagnated between 1386 and
1990 and then dropped 4 percent in 1991. The recession contributed to
the decline in industrial water use as did the gradual adoption of
industrial waste water treatment requirements during this period.?% New
treatment reguirements make waste water discharge more expensive and
presumably increase incentives to reduce fresh water use. The United
States Environmental Protection Agency began issuing treatment
technology requirements for the waste water produced by various
industrial processes in 1982.27 Requirements for different processes
were released over time and California municipalities started to enforce
these reguirements in 1984 and 1985.28  The aggressiveness with which
these requirements were enforced varied across municipalities: it
appears in some cases that there was little enforcement in some agencies
until the late 1980s. The lag in enforcement and the release of new
requirements over time suggests that these regulations put downward
pressure on industrial water use between 1986 and 1991. In particular,

this may account for part of the 5 percent decline in industrial water

26Increased awareness of liability for pollution under the
Comprehensive Environmental Response, Compensation, and Liability Act of
1980 {Superfund) may have also been a factor.

277he standards were released under the Clean Water Act.

28pased on telephone interview with B. Patel, Los Angeles
Department of Public Works.




use between 1986 and 1990 that occurred even though industrial wages and
salaries rose slightly.

The ratio between the percent change in industrial water use and
industrial wages and salaries between 1990 and 1991 (3.8) is similar to
that for commercial users (4.3). This again suggests that over an
initial range industrial water cutbacks have little impact on wages and
salaries, although any increased groundwater pumping remains to be
factored in. Industrial profits may also have been affected by the

drought, and most likely to a greater degree than wages and salaries.

Public Authority and Institutional Water Use

As shown in Table 3.13, public authority and institutional water
use rose slightly between 1986 and 1990 but dropped approximately 16
percent in 1991. The number of public autheority and institutional
accounts grew rapidly through 1990 and the stability of water use
between 1986 and 1990 may have been the result of early adoption of
conservation practices.2? Even though the water use dropped sharply in
1991, the number of accounts remained constant.

It seems less likely than for commercial and industrial users that
factors other than the drought were major causes of the decline in
public authority and in institutional water use. The decline in public
authority and institutional water use thus suggests the drought
management strategies of public water agencies had a substantial effect
on public authority and institutional users. The willingness-to-pay
generated by these cutbacks, however, is unknown. On the one hand, the
cutbacks may have been in low-value uses such as water fountains. On
the other hand, the sizable reduction suggests that high-value uses

could possibly have been affected. Since public uses of water may

29The number of accounts may not be a good measure of the size of
the public authority and institutional sectors. According to an expert
on such issues, the number of accounts often changes even if the number
of buildings, for example, physically connected remains stable. The
number of commercial and industrial accounts apparently exhibits less
such variability. Even when two commercial or industrial firms merge,
the separate buildings of the two firms usually remain on separate water
meters. (Written communication by Wendy Illingsworth to authors,
October 6, 1554.)
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involve benefits to the general public, willingness-to-pay to avoid

~cutbacks could be very difficult to measure.

Table 3.13
Public Authority/Institutional Water Deliveries
{N=33)

Total Water Use

Water Use per Account
(1000s Percent  Accounts Percent (af per Percent
of af) Change {1000s} Change acct.) Change
1986 84.3 -— 14.3 ——= 5.89 -—-
1987 84.9 0.7 14.9 4.1 5.70 -3.3
1988 85.6 0.8 15.9 6.7 5.37 -5.8
1989 84.2 -1.6 16.3 2.5 5.17 -3.7
1990 87.5 3.9 16.6 1.8 5.27 1.9
1991 67.4 -23.0 16.6 0.0 4.05 -23.1

Agricultural and Horticultural Use

Agricultural and horticultural use in urban areas experienced the
largest relative declines in water deliveries between 1986 and 1291 (see
Table 3.14). Agricultural and horticultural deliveries were 25 percent
lower in 1990 than 1986 and fell another 23 percent in 1991. This
occurred even though the number of agricultural and horticultural
accounts remained stable over the period. These declines may have been
partially offset by increased groundwater pumping, but further work is
needed to determine the extent to which this occurred.

Even if overall agricultural and horticultural water use did
decline during the drought, factoré other than drought management
strategies may be to blame. Urbanization may have reduced the number of
acres available to agriculture, even if the number of accounts remained
stable. Adverse changes in agricultural crop prices and production

costs may have also contributed to the decline.3C

30Note alsc that only seven agencies provided data on
agricultural/horticultural water use. This is in large part because
relatively few agencies made large enough deliveries to this customer
class to warrant reporting them separately. Given the small sample
size, the significance of the changes reported in Table 3.14 should be
interpreted with caution.




Table 3.14

Agricultural/Horticultural Water Deliveries
{N=7)

Total Water Use

Water Use per Account
(1000s Percent Accounts Percent {af per Percent
of af) Change {10003} Change acct.) Change

1.2 -—— 7. -—-
10.3 . -17.4

0.0 . 1.6

0.0 . -20.6

-15.4 - 28.0

18.2 . -32.8

The large decline in agricultural and horticultural water
deliveries in urban areas suggests that water supply reductions during
the drought may have significantly affected agriculture. Many farmers
are on interruptible rates, which provide for a cessation of water
deliveries in periods of short supply. Farmers may then have to turn to
more expensive groundwater.3l Losses to nurseries may be even larger
than indicated by the water use. Nursery growers may have used water to
grow plants but then not have been able to sell them during the drought

because of reduced residential demand.

SUMMARY

It appears that the bulk of the drought's effects occurred in 1991,
although there were likely some negative impacts starting in 1988 in the
Bay Area. Table 3.15 summarizes the declines in water use by customer
class between 1980 and 1991, and suggests that all customer classes must
be examined in assessing the effects of the drought. In terms of the
aggregate affect of drought management policies, the impacts on

residential and commercial classes are probably most important because

between them they account for approximately 85 percent of the water use

3lIncreased groundwater pumping may cause depth-to-water and thus
pumping cost to increase over time. Water quality may also decline as
depth-to-water increases. Both changes would negatively affect
agriculture.
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in ocur sample. However, policymakers may have special concerns about
adverse affects on other sectors that warrant detailed examination.

We are unable to formally disentangle the effect of the drought
from other confounding factors, but it appears highly likely that the
changes in residential and public authority and institutional use were
largely due to drought management policies. There is more uncertainty
in how much of the commercial, industrial, and agricultural reductions
were due to the drought, but it seems likely that the drougﬁt was a

significant factor.

Table 3.15

Percent Change in Water Use Between 1990 and 1991 by
Customer Class

Number of Percent

Customer Class Agencies Change
Total Water Use 53 -12.4
Residential 40 -14.1
Single Dwelling Unit 25 -19.3
Multiple Dwelling Unit 22 -12.2
Commercial 37 -11.1
Industrial 28 -15.6
Public Authority/Institutional 33 -23.0
Agricultural 7 -24.8

Additional data collections and analyses might help to better
isolate the drought from other factors. For example, data over a longer
period of time on water use, wages and salaries, and the economy could
be assembled, or more use could be made of variations in drought
management strategies, wages and salaries, and economic conditions
across the agencies responding to the survey.

Although we did not try to cuantify the willingmess-to-pay to avoid
the drought, the results suggest that reductions by commercial and
industrial users were translated much less than proportiocnately into
changes in wages and salaries.3? This raises the possibility that

commercial and industrial cutbacks did not induce large willingness-to-

32Recall that between 1990 and 1991, commercial and industrial
water use fell 12 percent and 15 percent respectively, while commercial
and industrial wages and salaries fell 3 and 4 percent.




pay. Even though cutbacks in residential use were similar to those by
commercial and industrial users, this does not necessarily suggest that
residential effects were not large: residential cutbacks may have been
far more painful than commercial and industrial cutbacks. More
information on how the cutbacks were made by the various customer
classes would help inform the determination of the magnitude of
willingness-to-pay generated.

In the next section, we investigate the drought management

strategies adopted by the responding water agencies. How these

strategies varied by customer class will give us a better idea of what
sectors were targeted by water agencies and which sectors would have
been willing to pay a significant amount to avoid the drought management

policies.




4. DROUGHT MANAGEMENT STRATEGIES

In this section we characterize the drought management strategies
adopted by the responding agencies between 1986 and 1991. We start by
describing agency water use reduction goals during the drought. We then
examine agency restrictions on the guantity of water used, followed by
restrictions on particular types of water use. We then turn to water
conservation programs and changes in water pricing. Finally, we examine
supply augmentation strategies, focusing on purchases from the 1951

Drought Water Bank run by the California Department of Water Resources.

WATER USE REDUCTION GOALS

A sizable majority of the water agencies responding to the survey
set goals for reducing overall customer water use during the drought.
Of the 85 respondents, 55 (65 percent) indicated that they set cutback
goals at some point during the drought, and some of the others that did
not answer this question may have developed goals as well. Few set
goals at the beginning of the period. No agencies reported reduction
goals in 1986 and 1987, but the number with reduction goals rose rapidly
between 1988 and 1991 (see Table 4.1}. Agencies in the Bay Area
developed goals earlier than agencies in Southern California or other
parts of the state (Rest of State). These patterns are consistent with
the reductions in water use reported in Section 3 that suggested that
drought impacts were concentrated in 1891 for Southern California and
the Rest of the State but occurred earlier in the Bay Area.

The largest agencies in the sample began adopting cutback goals
earlier than smaller agencies. This may have been because the largest
agencies had more sophisticated planning departments, but it may also
have been because a greater fraction of the largest agencies that
responded to the survey were in the Bay Area (see Table 2.2). Further
statistical work is needed to isolate the effect of agency size from

other factors.33

33pnother possibility is that smaller agencies we able to more
easily increase groundwater pumping to offset reduced surface water




Table 4.1

Dates of Water Reduction Goals for Agencies that Specified Date of Goal
{N=48)

Numbex
that
Survey Specified
Respondents Goal 1986 1987 1988 1989 1990 1991
All 85 48 0 0 6 10 25 48

Region
Bay Area
So. California
Rest of State

Population

{thousands)
10 to 50
50 to 100
> 100

On average, agencies who set water reduction goals in 1991 sought

to reduce overall use 15 percent from 1989 levels (see Table 4.2).
Agencies usually adjusted for growth in the number of accounts, so the
desired cutback can be thought of as the desired cutback for each
account, on average. The average reduction goal was lower in the Bay
Area than either Southern California or the Rest of the State, but this
may be because drought management strategies had already lowered 1989
use in many Bay Area agencies. Goals were somewhat lower in the largest
agencies, but this may again be because a greater fraction of the
largest agencies that responded are in the Bay Area, and, in any case,

the difference is not large.

supplies than larger agencies. This conjecture, however, needs to be
further examined.
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Table 4.2

Water Reduction Goals in 1951
(Adjusted to 19589 Base Year)

Average Minimum Maximum
Requested Requested Requested
Cutback? CutbackP Cutback
Number {percent) {percent) {percent)
All 42 15.1 -11.9 38.2
Region
Bay Area 15 10.8 -0.2 21.9
So. Calif. 24 17.8 8.0 23.4
Rest of State 3 15.5 -11.®° 38.2
Population
10 to 50 12 16.7 8.0 21.0
50 to 100 13 16.1 -0.2 3B.2
> 100 17 13.2 -11.9 23.0

dgimple average of responding agencies. In most cases agencies had
in mind a cutback adjusted for growth in number of accounts.

bgome entries are negative because the reguested cutbacks have been
adjusted to a common base year {1989} .

Table 4.3

1891 Water Reduction Goals by
Customer Class in 1991
{N=10)

Average
Requested
Cutback
{percent}
Residential 15.9
Commercial 12.5
Industrial 10.8

variation by Customer Class

Surprisingly, few agencies appear to have explicitly varied cutback
goals by customer class. Cutback goals varied in only 12 of the 55
agencies reporting goals (22 percent). For the 10 agencies that both
varied and reported cutback goals by customer class, cutback goals were
substantially lower for commercial and industrial users than for
residential users (see Table 4.3). Clearly some agencies were

attempting to protect their commercial and industrial users from drought




management strategies, but our data suggests that only a minority did so

explicitly. However, it may be the case that agencies that did not vary
requested cutbacks by customer class used other policies to protect
their commercial and industrial customers. For example, as will be
discussed shortly, quantity restrictions may have been less stringent or
easler to appeal for commercial and industrial users than residential

users.

Table 4.4

Number and Proportion of Agencies Engaged in Various Drought Management
Strategies

Proportion Lower bound on
Did Not answering proportion
Engaged Engage Pid Not who engaged engaged in
in in Answer in activity activity
Activity Activity Question {1}/ (1) /Total
(1) (2) {3) ({1)+(2)) Responding

Quantity
Restrictions 40 16 29 71 47

Type-of-Use
Restrictions

Consgervation
Programs

Public education
programs
Conservation kits
Water audits
Incentives for
ULF toilets

QUANTITY RESTRICTIONS

A sizable proportion of the responding agencies adopted guantity
restrictions at some point between 1986 and 1991. Qf the 56 agencies
answering the survey dquestion on quantity restrictions, 40 (71 percent)
reported that they issued cuantity restrictions (see Table 4.4). The
proportion may have been lower for agencies that did not answer the
question, and the last column of Table 4.4 gives a lower bound on the
proportion of agencies adopting gquantity restrictions for all 85

responding agencies: it assumes that agencies that did not answer the
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question did not implement quantity restrictions. This lower bound (47
percent} is undoubtedly an underestimate of the actual percent adopting
quantity restrictions.

Most agencies expressed quantity allbtments in terms of a percent
reduction from a base year, although some expressed them as an absolute
amount over some period of time (gallons per day per household, for

example} .

Table 4.5

Characteristics of Quantity Restrictions Between
1986 and 1991

(percent)
Percent of
Agencies with
Quantity
Restriction
Enforcement (N=33)
Mandatory only 48
Vol. and man. 34
Voluntary only 18
Customer Class Targeted (N=40)
Single-dwelling unit 90
Multiple-dwelling unit 83
Commercial 75
Industrial 67

Quantity restrictions were mandatory in most cases. The top half
of Table 4.5 shows that 48 percent of the agencies with quantity
restrictions adopted mandatory restrictions and that another 34 percent
adopted a combination of voluntary and mandatory restrictions. In most
cases the penalty for violating mandatory restrictions was a surcharge
on all consumption above the allotment. The surcharge often rose with
consumption over the baseline. The surcharge for use in an initial
range over the allotment was frequently two or three times the normal
unit cost of water, but it could go up to ten times the normal unit cost
in some agencies for extremely high consumption. Penalties such as
these result in an increasing block rate structure where the marginal

cost of an additional unit of water depends on the amount consumed. In
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assessed penalties for viclating guantity restrictions, so the low
percentage that requested exemptions is presumably not because the
requested cutbacks were not binding. The low percentage presumably
reflects fairly strict requirements to qualify for an exemption,
although some customers may not have considered the time cost of

applying for an exemption worth the expected decrease in the water bill.

Table 4.7

Exemptions from Quantity Restrictions Granted Between
1986 and 1981

Percent of
Number Exemptions Exemptions Reguested

of Requested Granted Exemptions
Agencies {1) {(3) Granted
Residential 21 23,691 22,285 94
Single DU 17 17,604 16,471 94
Multiple DU 17 4,488 4,381 98
Commercial 21 8,773 8,006 93
Industrial 22 1,718 1,633 85
Public Authority 22 100 100 100
2All Classes 21 199,105 184,101 83

It appears that violations of quantity restrictions were widespread
and that a sizable share of customers were assessed penalties for
violations. Of the 40 agencies that adopted restrictions, 34 (85
percent} assessed penalties for vioclations. As shown in Table 4.8, the
number of penalties assessed was 55 percent of the number of accounts
for the 13 agencies that were able to report both the number of
penalties and the number of accounts. This suggests that roughly one-
half of the customers in districts with mandatory quantity restrictions
violated the quantity restrictions and were assessed penalties.3¢
Violators also paid a sizable amount in penalties. The average penalty

was approximately $40, generating over $24 million dollars just in the

13 agencies providing data {see Table 4.8).

347t ig likely that there were some repeat violators (each billing
period could produce a violation) so the percent of accounts penalized
would have been lower than 55 percent.




Table 4.8

Number of Penmalties and Surcharges Assessed for
Quantity Restrictions in 1991

(N=13)
Number of Penalties
Number assessed 634,343
Nurmber of accounts 1,123,952
Number assessed/accounts 55
Surcharges Assessed
Amount billed ($1000} 24,384
Number of penalties 603,874
Amount billed per penalty ($) 40.38

These high viclation rates suggest real adverse impacts from
quantity restrictions and imply that users would have been willing to
pay a significant amount to avoid guantity restrictions. First, the
sizable penalties were clearly a loss to consumers, although they were
transferred to the water agencies and were not lost from a social
perspective.3 Second, the higher unit water costs created by the
penalties would cause users to reduce the amount consumed and thus the
net benefits generated. Finally, some users undoubtedly cut back use,
and thus enijoyed fewer benefits of water use, in order to avoid

penalties.3%

Variation by Customer Class

There is evidence that water agencies attempted to shield their
commercial and industrial users from severe economic damages during the
drought. First, as shown in the bottom of Table 4.5, gquantity
restrictions were applied less frequently to commercial and industrial
users than to residential users. Commercial and industrial users were
issued quantity restrictions in 75 percent and 67 percent of agencies
issuing guantity restrictions, respectively, compared with 90 and 83

percent for single-dwelling units and multiple-dwelling units. Second,

35They may have been partially used to subsidize conservation
programs, a point which we return to below.

36The marginal value of water to users who did not incur penalties
is presumably lower than that to users who did incur penalties, however.




the reduction goals were also lower for commercial and industrial
aceounts than residential accounts in some agencies (see Table 4.3},
although as noted above, reduction goals did not vary by customer class
for most agencies. Third, a higher percentage of commercial and
industrial users requested and were granted exemptions from guantity
restrictions than were residential users (see Tables 4.6 and 4.7).
These three factors resulted in a lower proportion of agencies assessing
penalties against commercial and industrial users than against
residential users: in agencies that were able to report penalties for
violations of quantity restrictions by customer class, 93 percent
assessed penalties against residential users compared with 50 percent
against commercial users and 36 percent against industrial users ({(see

Table 4.9} .

Table 4.9

Parcent of Customer Classes Assessed
surcharges for Quantity Restrictions

{N=14)
Residential 83
Commercial 50
Industrial 36
Public authority 36

Overall the findings suggest that quantity restrictions had
widespread negative effects on residential users during the drought but
that commercial and industrial users were spared to some extent. Two
observations are worth making:

. The apparent protection of commercial and industrial users may
explain why the changes in wages and salaries were much smaller
than the change in water use. Commercial and industrial
cutbacks that would have affected wages, salaries, and profits
may have been largely avoided.

. The large drop in commercial and industrial use suggests that
substantial reductions in commercial and industrial use were
possible without major effects on wages and salaries. The

effects on profits, however, still need to be explored.




TYPE-OF-USE RESTRICTIONS

A high proportion-of the responding agencies adopted type-of-use

restrictions at some time between 1986 and 1991. Examples included
prohibitions on washing off driveways and sidewalks, irrigating during
the day, and allowing water from sprinklers te¢ run off into gutters. As
shown in Table 4.4, between 65 and 77 percent of agencies adopted type-
of-use restrictions. Most agencies adopted mandatory type-cfi-use
restrictions. The top half of Table 4.10 shows that type-of-use
restrictions were mandatory in 72 percent of the agencies reporting
type-of-use restrictions and that an additional 12 percent adopted a
combination of mandatory and voluntary restrictions. Only 16 percent

adopted completely veoluntary restrictions.

Table &¢.10

Characteristics of Type-of-Use Restrictions
Between 1986 and 19851
(percent, N=55)

Percent of
Agencies with
Type-o0f-Use
Restrictions

Enforcement
Mandatory only 72
Vol. and man. 12
Voluntary only 16

Customer Class Taraeted
Single DU
Multiple DU
Commercial
Industrial

Even though a sizable proportion of agencies adopted mandatory
type-of-use restrictions, only a few actually levied fines. In most
cases the penalty for violating a mandatory type-of-use restriction was
a fine that was not tied to water use. Penalties usually increased with
each successive violation, culminating at least in principle in the
installation of flow restrictors or termination of water service. Only
9 of the 46 agencies reporting mandatory type-of-use restrictions (20

percent) assessed penalties.
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The fact that the few agencies that did levy penalties issued a
sizable number of penalties ireonically provides indirect evidence that
type-of-use restrictions were not well enforced. Table 4.11 shows that
the number of penalties assessed was 12 percent of the number of
actounts in agencies levying penalties that were able to report this
data. Twelve percent strikes one as substantial.3? Because type-of-use
restrictions and penalties were similar across agencies, it seems
unlikely that there would have been a significant number of violations
in only a small percentage of agencies, as found here. This seems to
suggest, therefore, that type-of-use restrictions were not well enforced

overall.

Table 4.11

Number of Penalties and Surcharges Assessed for
Tvpe-cof-Use Restrictions in 1981

Number of Penalties (N=8}

Number assessed 68,716
Number of accounts 582,604
Number assessed/accounts 12

Fines Assessed (N=5)

Amount billed ($1000) 5,310
Number of penalties 68,674
Amount bilied per penalty 77.00 -

Even though type-cf-use restrictions were apparently not well
enforced, consumers may still have been willing to pay a sizable amount
to avoid them. Consumers may have obeved the restrictions because of
fears of penalties or social opprobrium even though the restrictions
were not well enforced. Additional information on how freguently
consumers altered consumption patterns because of type-oi-use
restrictions would help to determine how widespread welfare losses were

from type-of-use restrictions during the drought.3® The data from the

37Undoubtedly there were some repeat violators. How common these
were, however, is not known.

38por example, one might estimate demand curves before and after
the imposition of type-of-use restrictions and then calculate the change
in consumer surplus.




water agency survey alone, however, do not provide strong evidence for

substantial losses from type-of-use restrictions.

Variation by Customer Class

There is some evidence that agencies tried to protect commercial
and industrial users from type-of-use restrictions. It is not as strong
as the evidence for quantity restrictions, but given that type-of-use
restrictions were not well-enforced overall, this is not surprising.
The bottom half of Table 4.10 shows that type-of-use restrictions were
applied equally to all customer classes. In contrast, it appears that
penalties for violating type-of-use restrictions were issued more
frequently against residential users than commercial and industrial
users. All five agencies that were able to report type-of-use penalties
by customer class assessed penalties against residential users, compared
with only three against commercial users and two against industrial
users. In summary, it appears that the already weak effect of type-of-
use restrictions may have been further weakened for commercial and

industrial users.

CONSERVATION PROGRAMS

As discussed in Section 2, voluntary conservation programs can
reduce negative drought effects and can be categorized into two groups:
education programs and device distribution programs. We first examine

the education programs adopted during the drought.

Public Education Programs

Almost all agencies put in place some type of public education
program between 1986 and 1991. Public education programs included bill
inserts, television, radic, and newspaper announcements, school

programs, and public displays. Seventy-three of the 76 agencies that

answered the guestion on public education (96 percent) implemented some

sort of public education program between 1986 and 1991 (see Table 4.4).
At 86 percent, even the lower bound on the percent of agencies that
implemented conservation programs remains high (see final column of
Table 4.4). Individually-tailored education programs were far less

common. Between 29 and 36 percent of the respondents conducted indoor
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or outdoor water audits for customers to help them identify how they
could cut back water use. These education programs may have provided
valuable information on how to reduce water use with little loss in
welfare and, as explained in Section 2, altered how much individuals

were willing-to-pay to avoid drought management programs.

Device Distribution Programs

A high percentage of agencies established device distribution
programs. As shown in Table 4.4, between 76 and 87 percent of the
responding agencies distributed conservation kits. These kits typically
contained low-flow shower heads, toilet dams, and toilet leak detectors
and were distributed free of charge. Between 27 and 32 percent of the
responding agencies offered financial incentives for ultra low-flush
(ULF) toilets. ULF toilet programs typically provided a $100 rebate to
the customer for every toilet installed that required no more than 1.6

gallons per flush.

Table 4.12

Expenditures on Conservation Programs (1986-1991)

Number Number of Amount Number of
Engaged in Agencies Spent Accounts Dcllars/
Activity Reporting ($1,000) {1,000s) account
Public education 73 56 15,232 2,740 5.56
Conservation kits 65 47 10,782 2,420 4.45
Audits 25 7 2,696 1,605 1.67
ULF toilet rebates 23 19 22,924 974 23.54

Agencies spent considerable amounts on conservation programs.
Table 4.12 shows the amount spent divided by the total number of
accounts for agencies that could provide data on program expenditures.
The most was spent per acceunt on toilet rebates. Approximately $24 per
account was spent on toilet rebates compared to $6 and $4 per account on
public education and conservation kits, respectively. Relatively little

was spent per account on water audits.39 Even though a much smaller

3Frhe results in Table 4.13 and 4.14 can be combined to determine
the cost of conservation programs per unit. In case of ULF toilets,
$23.54 was spent per account and .261 rebates were issued per account.




proportion of agencies had toilet rebate programs, the figure in Figure
4.12 suggests that, across all agencies, the most was spent on toilet
rebates. The low amount spent per account and the relatively low
proportion of agencies that offered audits suggests the least was spent

on audits.49

Table 4.13

Consaervation Program Activity per Account for Agencies Reporting
Conservation Activity and Number of Accounts

Number
Performed
Number or Issued
Number of  Performed Number of per
Agencies or Issued Agencies Account
Public Education 73 NA NA NA

Conservation Kits

Residential 733,194
Commercial 19,315
Industrial 380
Total 752,889

Audits

Residential 46,472
Commercial 5,674
Industrial 94
Public Authority 126
Total 52,366

ULF Toilet

Rebates

Residential 10 192,172
Commercial 16 9,296
Industrial 10 10
Public Authority 10 0
Total 10 201,478

ANumber of agencies upon which data is based.

The cost per rebate was approximately $90 ($23.54/.261). Conservation
kits were approximately $14 per unit and water audits were approximately
$62 per unit.

40as a rough approximation of the total amount spent by the
responding agencies on each program, the amount spent for the reporting
agencies (column 3 in Table 4.12) is scaled up to the number of agencies
engaged in the activity (column 1).
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Water agencies reached a considerable number of their customers
with conservation programs during the drought. Table 4.13 shows that
nearly 753,000 conservation kits were distributed in 59 of the 65
agencies that distributed conservation kits. This comes to nearly one-
third of the total number of accounts. Similarly, ULF toilet rebates
totaled 26 percent of the number of accounts in 10 of the 23 agencies
that issued toilet rebates. These figures suggest that conservation
programs may well have reduced the impact of the drought on water users.

The number of device distributions and audits per account also
illustrate how much more could be done to mitigate the effects of
quantity restrictions. Not only could the agencies with conservation
programs reach a substantial number of additional customers, 4! but a
substantial share of agencies have yet to adopt some programs. For
example, only a minority of agencies had ULF toilet rebate programs.
Whether agencies continue to push these programs and at what pace
depends on the availability of resources. Whether it makes sense to
continue to push these programs from a societal perspective, as opposed
to the perspective of the device recipient, depends on the overall

program benefits and costs.

Variation by Customer Clags

It appears that conservation programs were targeted mainly at
residential customers. Table 4.13 shows that the vast majority of
conservation kits, water audits, and ULF toilet rebates went to
residential users. Information on how agencies tafgeted public
education programs was not readily available. Even when adjusted for
the number of accounts in each customer class, residential users
benefited disproportionately. For agencies that issued conservation
kits, 0.22 kits were issued per residential account versus 0.05 per
commercial account, and a negligible number per industrial account. The

numbers are similarly skewed for ULF toilet rebates. The number of

41Tndividual customers may receive more than one conservation kit
or ULF toilet rebate. Thus the percent of customers reached may be
lower than the ratios in Table 4.14.




water audits per customer class is more uniform across customer classes,
but the penetration rate was very low.

Agencies may have focused conservation kits, water audits, and ULF
toilet rebates on residential users because they thought that their
drought management programs had the greatest impact on residential
users. Water agencies may also have assumed that commercial and
industrial users had the resources and expertise to purchase
conservation devices themselves.3? For example, commercial and
industrial users may have facilities managers who are explicitly tasked
to reduce water costs. Additional data is necessary to determine
whether commercial and industrial users installed conservation devices

independently of agency programs.

PRICE CHANGES

Price increases may have been a major source of loss to consumers
during the drought. Increasing prices will decrease the net benefit of
consuming a given amount of water as well as reduce the amount consumed,
further decreasing net benefits of water use. We find evidence that
agencies increased water prices during the drought with conseguent
negative effect on consumers. Some of these changes would have happened
had there been no drought, for example, due to increasingly strict
drinking-water standards. Others may be directly attributed to the
drought, for example, due to higher water purchase costs, the costs of
device distribution and conservation programs, or the need to cover the

same fixed costs with less water sold.

As discussed above, penalties for violations of quantity

restrictions in effect created an increasing block rate pricing
structure. Many agencies also changed their pricing practices
independent of guantity penalties, usually to encourage conservation.
Some went from flat to increasing block and some reduced the fixed
component of bills and increased the variable costs. Survey respondents

provided detailed information on how their rate structures changed, but

4221s0 the low-cost conservation devices commonly distributed to
households, such as low-flow showerheads and toilet bags or dams, are
frequently not relevant to business users. Business often have few or
no showers and have flushometer toilets instead of tank toilets.




a full analysis of these data was beyond the scope of this project.
Further analysis would provide valuable information on how consumers
were affected by price changes.

We were able to analyze how average agency revenue per unit of
water delivered changed over the period.?? Changes in average revenue
may either hide or exaggerate changes in price schedule due to the
drought. Average revenue may not change if an agency moves to an
increasing block rate structure but reduces fixed charges so that there
is little change in average revenue. In contrast, increases in average
revenue could simply reflect higher treatment costs thus exaggerating
the impact of the drought on price.44 In any case, it is instructive to
look at how average revenue changed during the drought to gain some
insight intc how important price changes were and which sectors were

most affected.

Table 4.14
Average Agency Revenue per af
(N=55)
Annual Percent Change
Total Total Water Average
Water Use Revenue Revenue Real
(millions (millions (dollars Average Average
of af) of dollars} per af) Revenue Revenued
1986 2.09 785 381 - ———
1987 2.14 849 397 4.2 0
1988 2.11 906 430 8.3 3.7
1989 2.13 983 462 7.4 2.3
1890 2.12 1,069 505 9.3 4.0
1991 1.83 1,072 585 15.8 12.3

8Real average revenue calculated using consumer price index for
California.

Average revenue rose 54 percent between 1986 and 1991 for the 55

agencies providing data (see Table 4.14). When adjusted for inflation,

43pverage revenue per unit of water is calculated by dividing total
agency revenue by water deliveries. Income from drought penalties and
surcharges is included.

44an agency with a high fixed charge and low per unit price could
also show an increase in average revenue if quantities fell but prices
remained the same.
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average revenue reose 2 and 4 percent in 1989 and 1990 and then rose
approximately 12 percent in 1991. The large jump in 1991 suggests that
the drought did cause large increases in price and that the observed
price changes were not just the result in secular trends in, say, water

tréatment costs.

Table 4.15

Average Water Cost By Region, Agency Size, and Customer Class

(s/af) Percent Change
1986- 1990~
N 1986 1587 1988 1989 1990 1991 1990 1991
All 55 381 397 430 462 505 585 33 16
Region
Bay Area i1 409 405 471 476 514 683 26 33
So. California 30 385 408 436 484 529 576 37 9
Other 14 299 324 318 323 3€8 451 23 23
Agency Population
{thousands)
10--49 14 437 440 448 471 491 560 12 14
50--100 20 410 423 440 470 523 610 28 17
>100 21 374 391 427 460 504 582 35 i5
Customer Class
Residential 34 404 421 449 490 543 619 34 14
Commercial 31 378 3985 453 496 533 618 41 16
Industrial 28 338 352 422 433 466 567 39 22
Agricultural 8 275 278 301 336 340 329 24 -3

Table 4.15 first reports how changes in average revenue per acre-
foot varied by region and agency size. Average revenue grew fastest in
Southern California between 1986 and 1990, but grew fastest in the Bay
Area between 1990 and 1991. There was little difference in the change
in average revenue between 1990 and 1991 by agency size, although
average revenue grew faster in the larger agencies in the earlier years.
Additional statistical analysis is necessary to determine whether the

difference in cost growth can be attributed to agency size or location.

Variation by Customer Class
It appears that average revenue per acre-foot grew faster for

commercial and industrial water sales than for residential sales both



between 1986 and 1990 and between 1990 and 1991.%° These higher growth
rates brought commercial and industrial average revenues closer to
residential average revenue.

The difference in growth rates may be due to several factors. It
may reflect rapid movement away from decreasing block rates for
commercial and industrial users, something that largely had already
happened for residential users. It may be that fixed charges account
for a lower portion of industrial user bills so that comparable
inereases in the commodity charge for all customer classes result in a
greater percentage increase in average cost for industrial customers.

Tt is unclear how much of the difference in growth rates was due to
the drought. It may be that agencies would have attempted to narrow
differences in average revenues across customer classes even if there
ha@ been no drought. In any case, the relatively rapid growth in
commercial and industrial average revenue suggests, in contrast to
previous findings in this section, that commercial and industrial users
were not shielded from this aspect of drought management strategy.

Average revenues for agriculture grew far slower than those for
other customer classes between 1986 and 1990 and actually fell between
1990 and 1991. What is more, the 1986 average cost for agriculture was
substantially lower than for those in the other classes. These lower
costs and growth rates may be because agricultural water is not treated
to the same standards as water delivered to other customer classes or
because agricultural service is often interruptible. Many urban water
agencies do not have separate distribution systems for agricultural
customers, however, so these findings may also suggest that agricultural
users were treated favorably both before and during the drought.

Findings on changes in average revenue per acre-foot suggest that
all sectors, with the exception of agriculture, were adversely affected

by price changes caused by the drought.

45gince the number of agencies responding varies by customer class,
care must be taken in interpreting differences in average revenue across
customer classes. The same holds for growth rates in average revenue
across customer classes over time, but the problem may be less
significant.




SUPPLY AUGMENTATION STRATEGIES

More than half of the agencies responding to the survey received
supplies from the 1591 Drought Water Bank run by the California
Department of Water Resources. (A list of the urban agencies receiving
water from the Bank and the amcunts received is included as Appendix
B.)46 These supplies reduced drought impacts from what they would have
been otherwise.

Water Bank purchases amounted to 5.3 percent of total 1591 water
use in the 77 responding agencies that were able to provide data on
water use (see Table 4.16). When attention is restricted only to those
43 responding agencies that purchased water-bank water, the percentage
of water-bank water was correspondingly higher: nearly 10 percent of
1991 water use was purchased from the Bank. These percentages are
sizable and suggest that the Bank generated sizable benefits in urban

areas.

Table 4.16

1991 Water Bank Purchases

Thousands of af
Water Bank Percent of
1991 Usage Purchases Total

A1l respondents
providing water use
data (N=77) 2,760

All respondents
providing water use
data and receiving
water-bank water
{N=43)

46Many retail agencies were not aware that they had received water
from the Drought Water Bank because bank water was purchased by
wholesale agencies and commingled with other water supplies before it
was passed on to the retail agencies. We contacted the purchasers of
1991 Drought Water Bank water and, in the case of the Metropolitan Water
District of Southern California, another laver of wholesale agencies, to
determine how bank supplies were allocated to retail water agencies (see
Appendix B for details).




As shown in Table 4.17, 59 percent of the agencies receiving bank
water had no alternate supplies. This suggests that in these agencies,
water use would have dropped even more than it did in 1991 had there
beer no Bank. As reported in Section 2, per capita water use fell
approximately 18 percent in the responding agencies between 1990 and
1991. This drop may have been 10 percentage points larger in agencies
with no alternate water supplies. The remaining 41 percent of agencies
had access to alternative water supplies. Presumably, these supplies
were more expensive than the Bank, were of poorer gquality, or were
insurance against a sixth year of drought, and consumers in these

districts were also better off as a result of the bank purchases.

Table 4.17

Availability of Alternative Suppliez to Purchases
of Water Bank Water

{N=22)
Alternate Supply Available 41
No Alternate Supply Available 59

Agencies receiving water-bank water were asked how their drought
management strategies would have changed had there been no Bank. Their
responses provide further evidence that the Bank benefited urban
consumers. As shown in Table 4.1iB, almost all the agencies that
received bank water and answered the question said they would have
tightened quantity restrictions had there been no Bank. Sixty percent
would have strengthened type-of-use restrictions and one-third would
have increased prices. Agencies would also have tried to reduce water
use by expanding conservation programs, with increased public education

the most frequently mentioned.




Table 4.18

Drought Management Strategies that Would Have Been Modified
in the Absence of Water Bank Water
{15 Respondents)

Type of Policy Percent Indicating
Quantity restrictions 87
Public education 67
Tvpe-of-use restrictions 60
Device distribution 33
Price increases 33
Water audits 20
Conservation rebates 13

SUMMARY

Investigation of drought management strategies suggests that the
drought had widespread negative effects in urban areas, with the
principal effects in 1991. The main source of losses appears to have
been due to quantity restrictions that were usually coupled with price
surcharges for use over a target amount. Evidence suggests that
commercial and industrial users were shielded from the drought effects
to some extent, although they appear to have suffered price increases

mich like the residential sector.

Water agencies aggressively implemented device distribution, toilet

rebate, and public education programs during the drought. These
programs presumably reduced the drought's negative effects. Residential
users were the main beneficiaries of these programs. This might be
interpreted as evidence that residential users were hardest hit by the
drought, leading agencies to focus attention on them.

Finally, the 1991 Drought Water Bank was an important source of
water to many agencies. A majority of those receiving water had no
alternate sources which suggests that drought effects would have been

considerably worse without the Bank.
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5. CONCLUSION

The 1986-1992 Drought caused most urban water agencies to adopt
policies to reduce water consumption in their service areas. These
policies determined how much customers reduced water use. The losses
caused by these reductions are important because they should enter into
decisions on how to allccate water among competing uses and whether or
net to invest in new water projects.

The maximum amount that water users would have been willing to pay
to avoid drought management policies appears to be & useful measure of
the losses caused by the drought. The drought generates willingness-to-
pay to avoid the need for drought policies both by affecting residential
use as well as the wages, salaries, and profits generated by businesses.

This report did not attempt to guantify the willingness-to-pay;
rather, it presents the results of a survey of urban water agencies to
provide the background information needed for future studies that do
attempt this quantification.4’ The data presented in this report
suggests when and where the drought effects were most severe and how the
effects were distributed across customer classes.

It proved very difficult to collect the information needed to
characterize drought effects. A lengthy survey instrument was required
and the response rate was low. Many agencies were only able to
partially fill out the survey. Our experience illustrates how
difficult, and expensive, it currently is to do detailed analyses of
drought situations and probably explains why such analyses have not been
done more frequently in the past. Urban water agencies may want to
consider improving their data collection and reporting programs to gain
valuable information for managing future water supply shortages.

Data provided by the 85 urban water agencies responding to the
survey suggested that drought effects were felt primarily in 1991.

Effects may well have persisted into 1992, but we were only able to

473 forthcoming report will include a pilot analysis of residential
willingness-to-pay.




collect data through 1981. Evidence suggests, however, that drought
effects in urban areas subsided somewhat in 1992.

It appears that the negative effects of the drought were widespread
in 1991. A significant number of customers vioclated quantity
restrictions and a paid a sizable amount in fines and rate surcharges.
cur findings suggest that effects were focused in the residential sector
which suffered nearly a 20 percent cutback in 1991 water use per capita
relative to 1986. Given that residential use accounts for approximately
two-thirds of overall water use, this suggests that studies to quantify
aggregate drought effects sheould focus on the residential sector.

Water use also declined substantially in the commercial and
industrial sectors (15 percent and 20 percent, respectively, between
1986 and 1991). This is particularly surprising because the survey
responses suggest that these sectors were shielded to some extent from
drought management policies. Shielding commercial and industrial users
from drought management policies implies wages, salaries, and profits
were not substantially affected by the drought, even though there were
likely certain subsectors of the economy, such as the landscaping
industry, where the effects were significant.4® The large reduction in
water use also suggests that commercial and industrial users may have
been able to absorb relatively large cutbacks without substantial cuts
in wages, salaries, and profits.

The changes in water use and measures of economic activity reported
here are due not only to the drought but also to a number of other
factors. The economic recession that hit California toward the end of
1990 most likely had an important effect on water use and economic
activity. The drought was probably the overriding factor explaining
reductions in residential water use, but the importance of the drought
relative to other factors for commercial and industrial sectors is less

clear.

48Note that depressed activity during the drought may possibly be
compensated for by greater activity than normal after the drought.




NEXT STEPS

A more structured analysis to isolate drought effects in all
sectors is necessary. One way to do this is to correlate differences in
water cutbacks in a particular region with changes in economic activity.
For example, variations in water supply conditions across the Bay Area,
the Los Angeles area, and Sacramentc might be used to isolate drought
effects. Examining changes in commercial and industrial water use,
wages and salaries, and profits during past recessions would also be
helpful. The data collected for this study could be the starting point
for such analyses.

The data collected here could also be used in studies that attempt
to quantify the willingness-to-pay. If surveys were used to directly
elicit the wiliingness-to-pay, the data collected here ccould be used to
create realistic scenarios of likely drought consequences for the
respondent to consider. Data on penalties paid and increased water
costs could possibly be used to provide a lower bound on the
willingness-to-pay.

Finally, the data collected here could also be used as the basis
for a study of the effectiveness ovf drought management strategies. This
may be of particular interest to urban water agencies as they plan for

the next drought.
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Appendix

A. SURVEY INSTRUMENT

A copy of the key portions of the survey instrument sent to urban
water agencies follows in -this appendix. In order to save space, we
photoreduced the survey and omitted section title pages and pages
containing only general directions. We also have not included pages
that differ only in that they collect data for different yvears. We have
noted where such pages are excluded. The actual survey instrument is

available from the authors.

1) For the years 1986 - 1991 what were your igtal Water Agency Revenues In thousands of dollars from the Toliowlng fevenue sources? Include drought
penaltles or surcharges. If revenues from each customer type are not avallable, please provide as delailed a breakdown as possible and Indlcate how
the customer types are aggregeted, {{f you can provide a breakdown anly by mefer size, please call RAND and we will provide an allernative survey

format.)
Water Agency Revenues
CUSTOMER TYPE 01/01/86 - 12731786  01/01/87 - 12/1/87  01/01/88 - 12/31/88  01/01/B9 - 1231/88 QU090 - 12/31/90  01/0H/31 - 1231/91
{in thoussnda} {in thousands) {in thousands) {in thousznds) {in thousands) {In Ihousands)
Residential

Single Dwelling Unit
Multiple Dwelling Unit

b 1
b

0 <000 <000 000 <000 sOa

=
==

OR Total Residential

Commercial

industrial

Public Aulhoritysinstitutiona?

Agriculure/Horticulure
ResalefWholesale
Cther (please specily)

- L T 1 1 1

L

1,

WATER SERVICES (e.4., ground

e (D00 {000 D00 $DID {000 €000
protection, etc.) * » ' f H s
All Other Sources of Revenue

{e.g., tax, hydropower, elc.) #:D[I‘H ﬂ],ﬂ_ﬂ S;DJH_H @sl_ﬂ_l @,m $D:|:H—H

R O ED
o B3 B

. ! qj],
R
S HH &
1] 1] 1]

iwieryereeoss TN {1000 $T00D «I0OI0 {000 1000
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2) How many retall unts did you have at the end of these catendar years for the {ollowing cusiomer types? Il numbers of accounts for each customei
type are not avallable, Indicate now the customer types are aggregaled.

Number of Retall Accounts by Customer Class

CUSTOMER TYPE
Residenlal

December 31,1986 December 31,1987 December 31, 1988 December 31, 1989 December 31,1990  December 31, 199!

Single Dwelling Linit

Muliple Dwelling Unit

7000 COOD 000D ODOD 000

OR Total Residential

Commarcial

Industrial

Public Authority/Instilutional

AgricutturesHorticullure

PesaleWholesale

NI
o]
DT
O]
oD

RELEEE
DI
DD
iy
[

iy
000
RIEEN
HILIM
NI

NINEEN
00
NINEEE
00D
v

o]
T
nm
{0
i

e DO DODID OODOD OODOD 00000 DODAD

Total Estimated
Poputation In Retail Area

NITOOD 0ODTD 0IDOD 00DOD BODOD Gl
NI00D 0ODID 00000 00T 0O0nar 00D

if you answered this question, go to Question 4,

Total Estimated
Population in Whaolesale
Area, If Applicabie

3) How many retall sccountg did you have at the end of these calendar years for the following meter sizes?

Number of Retail Accounts by Meter Size

3/4 inch and less [[D:ED] D:D’D:D [Dj’[]]] D:D'DII [D:]’ED] D:D’D]:l
2 e DOD 000 Ooon 0D0D 00D G0
sinen 000D oD OO0 0noD 000D 0000
sainen DD ODOD 0000 oo 0oan Ol
» 2 ich OnoD Ooopn Oo0o D00 oood 0ol
s DODMID DD GODOD DOBOD 000D BUDOD

Yotal Estimated

OO0 OODOD DODAD OIDAD 00DaD DODID
QOO0 OODD DODD 000D DOTID DODID

Poputation in Retall Area

Toial Estimated
Populalion in wholesaie
Area, If Applicable




4) For each meier size, what was the pergentage ot accounts In each customer iype In 19917

Percent of Meters in 1991
Residential Commergial Industrial Ali Other
Single family Multipte family
Meter Size
0% =

5/8 x 3f4 in. LI_I_,%+||[I%+||||%+DDO/°

3/4 in. 1% + [[[1% + [1[]% + [[J]% + 1% =
o |ID% + Q0% + 0% + D0% + 00% =
1-172in. % + 1% + [J[]% + {{]]% + I[]% =
2in 0% + 0% + [(I0% + [T1% + [T1]% =
3in. D:Do/o_ D]:lo/o D:D% D:Dé/o [D]o/o =
4in. U_UOA: L]_Llcf/o D:_D?/o [D]o/o EEDO/Q
6in. LU_IOA; U_L_Io/o D:Do/o D:]:I% D:Do/o =
8in. [T11% + 1% + [[]]1% + [11]1% + [[[]1% =
10in. (I11% + [[1]% + [1[]% + [[1]% + [[[]% =
iz 0% + [[1% + [111% + (1% + [[[]% =

+ 4+ o+ + o+ o+t
L I N T S S R
A S

o+ 4+ 4+ o+ o+ o+ o+ o+

5) How much water did your agency obtain ifrom each of your water sources In 1985 and 1991, and what wers the sotize of supply or pumping cost perunit and
treatment cost per unit {if applicabls)}? For agency owned sources, exclude depreclation and eaplial recovery casts.

Please spaclfy unlta (e.g., CCF, HCF, AF, MG, Thow. Gal.):

Amount and Cost of Water

slznuary 1, 1986 - Decomber 31, 1986 ' -
WATER SOURCES Amoung Source of Supply ¢+ Trealmert Cost Par Source of Supply / Treatman! Cost Per
Pumpin& Cost Per Uniit { if Applicable) Pumping Cost Per Unit {it Applicable}
nit Unit

Agancy Owned Watar

3
H
H

Purchasad Water

Reacycled Walsr

Other {pleass spacify)

TOTAL WATER SUPPLY D,D:DD:D




€} For the years 1986 - 1991 what were yo
size, please call RAND and we will prov

How fraquently are meters read?:

Please speclfy units [eg. CCF, HCF, AF, MG, Thou. Gal):
Quarterly Water Sales From Meter Reads 1986

CUSTOMER TYPE
Residential
Single Dwelling Unit
Muttiple Dwelhing Unit

OR Tolal Residential

Commercial

Ingustrial

Public Authority/institutional

AgriculiureHorticuliure

Resale/Wholesale

Other [please specity)

01/01/86 - D3I1/B6

i
Mo
MOnin
OO
INERRENE
IR EN

MO
(DT

04/01/86 « B&/30/BE

(O]
[
ILRIREA
Mo
(oo
[OIn

I
MO

07/01/86 - 09/31/86

mody
NIRRT
I
MO
ooy
O

Mmool
(OO

ur guarterty waler sales for the following customer ctasses? (Il you can provide a breakdown only by meter
Ide you with an alternative survey format.)

10/01/86 - 12131786

IR
I
ILNILERE
inaaniann
IR ERENN
MO

(O
LT

Total Water Delivered

OO

O

OO

Unaccounted for Water {Losses)

M

(O]

(O

I

Water Sell-Supphed by

Customers (e g.. pymped ground

waler)

AR AN

IO

ML

This page was repeated for years 1987 to 1891.




N Please indicate what public education programs wete implemented and how much was spent on these programs per year (Including
both extemnal and staff cosis)

D No publlc educatlon programs (GO TO NEXT PAGE)

Public Education Programs

Type of Program
{please check)

Bill insent

™

Radio
Newspaper
Scheol Programs
Public displays

Qther (please specily}

Amount Spent

2
/]

[N I O O S

1988

g

OO OO cacd

SOOI (IO sDOD sOOID s s

8. Please Indicate the pumber ol water gudiis conducted, It applicable, and total spending In each year.

[ wo water audits (GO TO NEXT PAGE)

Customer Class
Residentiat
Both Indoor and Qutdoor
Indear Oniy
Outdoor Only
Commercial
Both Indoor and Quidoor
ingeor Only
Qutdoor Only
Industrial
Both Indoor and Quidoor
Indoor Only
Outdoor Onty
Public Authority/Institutional
Bath Indoor and Outdaor
Indoor Only
Cutdoor Only

Large Turt Area

Total Amount Spent

0o

Number of Water Audits

1967

B!

1988

00D

00D

OO0 000

s(TOID sO 000 s s sT00O0 s[I1300
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91 Please Indlcate the pumber of congeryation kits or watef gaving devices distributed each year, the ltems Inciuded In these kits, and the
total amount spent on the kits and Lhelr distributlon in each year, not Including ULF programs.
D No conservation kits of water saving devices disiributed {GO TO NEXT PAGE)

Number of Conservation Kits

Type of Kits by Customar Class 1988 1987 1988 1589 1890 1991
Residential

DD D00 0ooo oo ooon oo

OI0 0o00 o 0000 oodd o

LLLI,IIIIA D o0 00d0 00D oo

Did you have a follow-up
pragram to determine whether Yes Yes . Yes Yes Yes Yes
i hi ?
cusiomers instatled the kits No No No Mo No No
i Her i Iati
Eé?v ygeusg er ingtallation Yes Yes ves Yes ves Yes
No No No No No No

gm0 STD0D 00D {000 {000 L0000
Agency

108} H you had gonservetl nilve pr ms for -saving devices, please Indicate the dollar amount of the Incentlve, the number of rebetes issued
1o each cusiomer type, and the total amounl spent on the program by year. H you need more space plasse xerox addittonal coples.

D No conservation Incenilve programs for waler saving devices (GO TO PAGE 23)

Conservation Incentlve Programs

1986 1987 1588 1969 1990 1981

ULTRA LOW FLUSH TOILETS

memgsezee S0 S0 $OD  $OD  sOD  sOD

Number of Rebates Issued
(coum oneg per lOiIEIJ

Customar Class

Residential

SigloDustig U 0 Do oo ool O i
Muttiple Dwelting Unit ED,D:D [D,[D] ED,ED] ED:D:D ED’D:D ED'ED:I
OR Total Residential [:D’D:D [D,ED:] [D,D:D [D'[D] ED![[D [D'D:D
OO0 O00 MO0 MO0 OO0 OO0
w0 (OO0 OO0 D00 OO0 OO0
Public Authority / Institutional D:I’D:D [D}D:D [D,D:D ED,E[D [D,[D:] [D.[:[D
Ao oD Moo oo oo mddh oo

Toutamen spamton - TTICTT o T (1O sCLOTD (IO sl Od L

Year
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Conservation Incentive Programs (continued)

10b. OTHER REBATE OR INCENTIVE [TEM (please describe):

ameanwe o ST S $I0D sOD0 sIDT sI0T

Number of Rebates Issued

Customer Class

Residential

Single Dwalling Unit (000 MAdD Mo Mmoo (OO0 (U0
Multiple Dwelling Unit [D,[D:l [D’[[:D [D’D:D [D,D:D [D,D:D D]-[[D
OR Total Residential D]’D:D [D,D:D [DrD:D [D,D:D [D,D:D [D,D:D
O00 OO0 (OO0 D00 OO0 OO0
000 OO0 OO0 OO0 OO0 Do
Pubiic Autherity / instuions! I:D,[[D D],D:D [D,[[:D [D,D:D D],[D:’ [:DE[D
OO0 OO0 MO0 D00 MO0 OO;

oo Resmeimeanve LLLILT] $ [T $ (0T $ TOID ¢ (COT0 $ (LH T

Programs Per Year

11) W your agency Implemented resiriciions on type of uge between 1986 - 1991, please Indicate the type of restrictlon {e.g., no waterlng of
hard surfaces), the type of customers affected, whether restrictions were voluntary or mandalory, the dates eHective, and penalities for
violatlons. Please sian & new llne for each change in restrictlons.

D No restrictions on type of use (GO TO NEXT PAGE)

Restrictions On Type Of Use Type of Customers Effacted

{Plaase Speclly) Voluntary Mandatory
safo?o m.:naéo r n:::-:u::aby plpeivhelin Datas Effective
DU oy Comm. . Other | dass,

0ooono O

Dascribe any Penallies or Enfercement
Activities

000000 O

0o0ogo

uoood

0oood
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12)  Hyour agency Implemented resircilons on quanjittes ugad, please indicale the type of restriction [e.g., fixed amoun? per household per month,
percentage cutback trom specifled base year), the fype of customers alfecied, whether restrictlens were veluntary or mandatory, the dates
effective, and penaltles for violallons. Please start a new line for each change in restrctions.

[J Mo restrctions on quantitles used (GO TO NEXT PAGE)

Reastrictions On Quantities Use Typa of Custemars EHagled
(Pleasa spadily, including base year, if

apokcablo) Volunlary Mandatory
Ploase use separale kns - Dascriba any Penalties or Enforcemant
Rasidential 13 vared by cusiomer Dales Effective ¥ Avtilios
Sngle  Mulgis Gomm, nd. Oxhar | clags,
ou  ou

ooooojo o

oooooo O

ooooOEt O

oooogo d i

oooooo O "

13a) H your agency had gurcharges of penaity rates for exceeding base quantity aliocatlons assessed as part of the cuslomer's water
blll, please Indlcate ihe number of customers penallzed and total penallies billed by cusiomer {ype.

D No surdharge or penalty rates for exceeding base quantity allocations (GO TO NEXT PAGE)

Number of Customers Assessed Surcharges
Custemer Typa 1968 1987 1588 -1968 1850 1991
Residential

Single Dwelling Unit

Multiple Dwelling Unit

O To!Recgents D0 o0 ooo oo ool 0oad

Commercial

Industrial

Public Authesity/ nstitutional

All Other
Customer Type Surcharges Billed (in Thousands}
Hesidential
Singta Bwelling Unit $ i $ \ % : Y \ $ \ $ )
Multiple Bwelling Unit $ \ % i g \ 3 ) $ s 3 )
OR Tolal Residential $D:D, l [ | $i i L | | l $| l M | | I $I | | |,| I l l $LLL|’LLLI $U_U,U_U
Commercial % \ $ \ $ 3 % A % s $ )
Industrial $ ' $ i % ! 3 \ 3 ! $ )
Public Authority/instivional ~ § I % s $ s $ s 3 ) $ '
All Other % ) $ ) $ ) $ ) 5 " $ )

rowswanargessiies (T VT [ T[T s [TOLLD sLIO] s(IDIH s UL
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13b) 1 your agency lasued cltations or olherwlse enforced penalties {or use restrlictions {(such as watering of hard surfaces), plsase
Indlcate the number of customera penalized, total penaities bllied by customer type, and the total yearly enlorcement costs.

D No enlorced penaltles lor use restricitons (GO TO NEXT PAGE)
Number of Customers Assessed Penalties
Customer Typa 1986 1987 1988 1983 1890 1991
Rasidantial

Singla Dwelling Unil

Multiple Dwalling Unit

OR Totat Residential 000 0000 0000 oo H OO0 IO

Commetcial

industrial

Public Autharity/ Inslitutional

All Qther
Customer Type Penalties Bilied {in Thousands)
Rasidanlial
Single Dwaefling Unit $ \ $ i $ A $ A 3 ) 3 B
Mullipte Dwelling Unil $ I 3 \ $ \ 3 , $ ' 3 s
ontwsmesans o (TTY(TT] s[ITTD s sODOD sIDOD sOOOT
Commerciat 3 | $ ! % s $ ) $ X $ L
Industrial % , 5 \ $ ) $ ) $ y 3 "
Public Authonty/institutionat  § \ 3 I $ ! % ; L \ $ \
All Other $ ) $ i 3 ) $ S $ : s L

o 2 s [T s[IDOO D sIDT D s IO D s[IDET s[TTIT]
iamovsnasy o SULOVLL) sLLOMTE) sUULLL) sULDSLEES sUE D BEL T sTLLICT

14a) M your agency granted exemptions or appeals for water quantity or use resirictions between 1986 and 1991, please Indicate the number ol
ian. t u R ran| for each customer type.

D No exemptlons/appeals requested or granted (GQ TO 14c)

Exemptions / Appeals Requested (R) and Granted {G

[ 1986 T 1987 { 1988 | 1989 1 1990 | 1991

R_] 6 | " T & 1" T & | #H# ] 6 f R [ & [ R [ G

CUSTOMER TYPE
Residenlial

Single Dwelling Unit

Muitiple Dwaelling Linit

OR Total Residentizl

Commercial

Induslrial

Public Authority/institulional

Other {please specily)

14b) What were the most common reasons for granting exempilons or appeals?

14c) What methods of appeat were avallable 10 customers?
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15a) Forthe perod 1986-1991, plense Indicate your mquested parcentege cutbacks In walar use Including the base year, efective dales, and
wvery change in requested culbacks thersaftor,

R Water k

Dates In Effect Dates In EHect Datos In EHoct Dates In Elact Datas In Effect

0 1o to to to

Ense Yoar 19[D .19[] 19[]] 19D___| 19[]]
Overalf Raducf.lon Goal [:[] oL D] % D:] Yo ED % [D %

15b) If ihe base year was adjusted for growth and/or climate, pleass ndlcate how this was calculated,

15¢) If reduction goals varled by customer typs, pleasa Indlcate the goals for each of the fellowlng customer types:
D Reductlon goals did not vary by susiomer type (GO TO NEXT PAGE)

CUSTOMER TYPE
Residantial
Singte Drwelling Unit D:] % [:D % ED % m % I:D %
Mulipte Dwalling Urit [T]% (11% [T% [T]% [T]%
OR Total Residantial I:D o [__D % [D % [D A [D %
Commareial TR [T]e [T [T]% (%
Industrial ' [T]% [T]% [T]% [T]% [T
Public Authrity/Institutional [D % ED % D] o, [D o, [D o
ResaleMWholesale Dj % [D Yo [D % [D % [D %

Other (pleasa specily}
()% (1) [1]% [(1]% [T %

16) Please list your monihl el harge for the following meter sizes on January 1, 1986 and for every change In rates thereafier. Y monthly service
charge vatles by customer class, please provide rate schedules,

Monthly Service Charge

Daleof Change Daleof Change Dateof Change DateofChange Date of Change

508 x 344 In, $[ED[D $D:|:||:D $|:[DED $D:DED $D:DED $|:[D[D
4 in. $D:DD] $D:DED $D:DD] $D:D[D $D:DED $D:D[D
Tin sOOM sODM sDMm sOOD sUDm s
ir2in. (T $sO0M sOnmM sOpm sODmM sO0D
2in. s[IOM s sOn@ sODm sOolm sOn
3in s sOnD sODm s sOnm sIDm
ain s sOD sODmM sODm sOnm s
sin s sODM sODM sI0m sODM sODO
s s sODm sUDm sODD s
10in. $[TOM s s s sIOM s
12in. sDD sODM sODm sUDm sOpm s{IDd
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17) i your monthly service charge inciudes a quantity allowance, please Hst your monthly guantity allowance on January 1, 1986 and
for every change In allowance therealter. If monthly quantily allowance differs by customer class, please provide rate schedules.

Please specity units (e.g., CCF, HCF, AF, MG, Thou. Gal.):

D Not Applicable {GO TO NEXT PAGE)

Monthly Quantity Allowance

Date of Change Dateof Change Dateof Change Daleof Change Date of Change
METER SIZE 01/01/86

5/8x34in.

:
3
2k
£
2

374 1n.

HHEEEEEEEE

=

o
-HEEEEEEEEE
SEEEEEEH

1in.

HBEEEEEEEE
CEEEEEE

2583
HEE

1-1/21in.

o o

2in.

EEEEE

3in.

4in,

SEEEEEE

§in.

Bin.

ESE

10in.

HEEEE

12in.

LT
(L]
(O
(L]
(O
LT
(DL
LU
[T
[0
[T

HHBEE88886H
i [

Please Indlcate your water raie mer on January 1, 1985 and for every rale change thereafier. If the sizes of the blocks change or
you have summer and winter rates, please begin & new section Il necessary. Please xerox addillonal sheets i your rates changed mere than
once a year.

Please speclty units {e.g., CCF, HCF, AF, MG, Thou. Gal.}:

Water Raies By Customer Type

Asof Dale of Change Date of Change Date of Change Date of Change Date of Change
Customer Type (please specify) 01/01/86 .

Dollars Per Unit
Block 1 [e.g.. 0-500 cu. f1.)

wor___ {TTT OO0 $DI0 OO0 {0

Block 2

e IIIT o000 o000 {000 <000

Block 3

sy 00 §000 §000 sO00 §000

wer—____ {000 000 D00 $000 sO0D

As of Cate of Change Date of Change Date of Change Date of Change Date of Change
Customer Type (please speclty) 01/01/86

Dollars Per Unit

s (T[T OO0 €000 <000 «000 <000
s §T00 §0O00 <TI0 <000 000 000
wv—_ §00 {000 $DOD <000 $000 €O

Black 4

ev— D07 {DOI0 00D 000 00D $O0




- 70 -

13a) Do you know of any urban drought Impact studies about your service area?

[J oontknow (GO TO 191}

Group : Study

19b} Please describe any serlous concems expressed by resldential, commercial, or Industrial users over water supply avaliablilly anc/or quallty
during the drought.

[ oon Know (GO 7O NEXT PAGE)

Group Concern
20a) H the Drough! Water Bank had nof been created In 1891, we estimate 20¢c) How would the sdditlonat ciibacks have been distributed by
that your surtace waier supplles would have been cut by: customer type?
I D Cutbacks would have been spread proportlonally
among users (GO TO 204)
What gliemative ssurces of supply could have been used?
Customer type Water Culback {Acre Feet)

D Ho aliernative supplles (GO TO 20b AND ENTER 0" FOR TOTAL Residential

ALTERMATIVE WATER SUPPLIES)
Single Dwelling Unit

Alternative Water
Source Cost ! Acre-foot *
Supplles (Acre-leet) Muhtinls Dwalling Unit

Other (ploase specify}

HE d

=
Sl

i
I:D’D:D $D!|:D] OR Total Resicential 1
D]![I:D ajl‘[]:[] Commercial %,%
OO0 SO0 — il
I:D:D]] ms[m Public Authority / Institutional ED,D]]
OO0 $000 e o o0
OO0 $000 N T

— [Oo o |
. o 1]
4 &0

20b)
'I 1 l M l l ] "I I ”'U_U TOTAL CUTBACKS
Water Bank Total Alternative Additlonai Cutbacks
Waler Provided Watsr Suppilan Nowded

* Please use same definillon of cost as in Question 4.

NOTE: AMOUNTS SHOULD BE EQUAL

I




20d) If you had not recelved from the Drought Water Bank water In 1391, how would your drought menagemant stages/poilcies have
chengaed (e.g. what addiilonal phasas of your drought managemant plan would have gone Into sHect)?

Pleass check customar typa{s) the policy
would heve applied to:

Stages/Policles Changes Resldentlal Commuerctal  Industrial Other

Public Education D D D D

Waler Audits

Devica Distribution

Cansesvalion Rebales

Use Restrictions

Quaniity Restrictlons

Price Increases

CHher {plaase spacily)

(I By (] (] (| 3 [
Oda @ (| 3 . - -
(N N ) I 3 3 - ["_"J 3




are listed below.

B. SURVEY RESPONDENTS

The 85 urban retail water agencies that responded to the survey

San Francisco Bay Area

Marin Municipal Water District

Great QOaks Water Company

San Jose Water Co.

City of Hayward

City of Daly City

City of Milpitas

North Coast County Water
District

Contra Costa Water District

Alameda County Water District

Southern California

City of Westminster

E1l Toro Water District

Yorba Linda Water District

City of Garden Grove

Mesa Consolidated Water District

City of Huntington Beach

City of Buena Park

City of Long Beach

City of Manhattan Beach

Montebello Land and Water Co.

City of Corona

City of Redlands

City of Port Hueneme

City of Inglewood

Las Virgenes Municipal Water
District

Quartz Hill Water District

City of Riverside

Jurupa Community Service
District

Hesperia Water District

City of Glendale

Palmdale Water District

City of West Covina

Desert Water Agency

Hi-Desert Water District

City of Pico Rivera

City of Torrance

They are grouped by location.

East Bay Municipal Utility
District’
City of San Francisco
California Water Service
- Bear Gulch
- San Mateo
- Livermore
- San Carlos
- Los Altes
City of Santa Clara

Park Water Company
City of Anaheim
City of Newport Beach
Ventura County WW #8
Padre Dam Municipal Water District
Santa Fe Irrigation District
Sweetwater Authority
City of Poway
Olivenhain Municipal Water
District
San Dieguito Water District
Los Angeles Department of
Water and Power
City of San Diego
California Water Service
-Westlake District
~East Los Angeles
-Palos Verdes
-Hermosa Redondo
California American
-Baldwin Hills
-Coronado
-Village
City of Burbank
Lincoln Av. Water Co.
Laguna Beach Water Co.
Vallecitos Water District



Rest of the State

City of Bakersfield

Tahoe City Public Utility
District

Citrus Heights Irrigation
District

Northridge Water District

City of Santa Barbara

Goleta Water District

City of Tulare

San Juan Suburban Water
District

City of Merced

Elk Grove Water District
City of Manteca
City of Fresno
City of Santa Cruz
City of Fairfield
California Water Service
-Bakersfield
-Salinas
~Stockton
-Visalia District
California American-Monterey




C. DISTRIBUTION OF 1991 DROUGHT WATER BANRK PURCHASES

Estimates of the water received from the 1991 Drought Water Bank
by individual water agencies are listed below. The amounts obtained by
the 12 direct purchasers (numbered 1 through 12 below) were cbtained
from the California Department of Water Resources (California Department
of Water Resources, 1992, p. 6). Of these 12 agencies, five (City of
San Francisco, Alameda County Flood Control & Water Conservation
District, Santa Clara Valley Water District, Kern County Water Agency
and the Metropolitan Water District of Southern California) passed on
some share cf Water Bank purchases through wholesale deliveries to other
agencies. Usually, the resale of Water Bank supplies was not recorded
separately from other wholesale deliveries, although there were a few
exceptions where agencies or individual customers requested Water Bank
supplies through the wholesale agencies. Therefore, we distributed
Water Bank deliveries among the second tier of agencies in proportion to
total whoiesale water deliveries to those agencies in i991 by the
original purchaser of Water Bank water.

We obtained figures on 1991 wholesale water deliveries by
contacting each of the five agencies, and in the case of Metropolitan
Water District of Southern California (MWDSC), we contacted an
additional layer of 12 wholesale water districts operating as middiemen
between MWDSC and retail water agencies. In some cases, we were unable
to obtain the complete names of the retail water agencies who received
water bank supplies (these names are indicated by a question mark); in
the case of the City of San Francisco, we obtained delivery figures for
the set of agencies in the survey sample and estimated deliveries to the

remainder of San Francisco's wholesale customers.
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1991 Drought Water Bank — Buyers

Water Adgency

Acre Feet

1. American Canyon County Water District

2. City of San Francisco {50,000 af total)
Own retail customers
Alameda County Water District
Belmont County Water District®
City of Brisbane?
Guadeloupe Valley Municipal Improvement District?®
City of Burlingame
california Water Service Company — Bear Gulch
California Water Service Company - San Carlos
California Water Service Company — San Mateo
california Water Service Company — South San Francisco?®
Coastside County Water District?®
East Palo Alto Water District?@
City of Daly City
Estero Municipal Improvement District (Foster City)®
City of Hayward
Townn of Hillsborough
Los Trancos County Water District (Portola Valley)?
City of Menlo Park?®
City of Milibrae®
City of Milpitas
City of Mountain View
North Coast County Water District
City of Palo Alto
Purissima Hills Water District {(Los Altos Hills)
City of Redwood City
City of San Bruno
City of Santa Clara®
Skyline County Water District {Woodside)?®
Stanford University®
City of Sunnyvale
Westborough Water District (South San Francisco)®

31, Contra Costa Water District
4. Alameda County Water District

5. Aalameda County Fiood Control & Water Conservation
District {500 af total)
california Water Service Company—Livermore
City of Livermore
City of Pleasanton
Dublin—San Ramon Service District

370

16,698
2,150
794
127
23
903
2,063
801
2,492
1,556
451
408
644
823
3,463
614
26
410
€72
1,936
2,133
658
2,595
307
2,084
413
2,488
47

64
1,798
359

6,717

14,800

137
65
234
64

8gstrimated share of Drought Water Bank supplies based on relative
number of service connections (covers 16% of total). Other figures were
compiled by the San Francisco Water Department based on shares of water

deliveries.




Santa Clara valley Water District (19,500 af total)
California Water Service Company—Los Altos 1,175
City of Cupertino 270
Great Oaks Water Company 1,060
City of Mountain View 284
City of San Jose 1,055
San Jose Water Company 12,063
City of Santa Clara 1,973
City of Sunnyvale 1,620

Oak Flat Water District 975

Westlands Water District 13,820

Dudley Ridge Water District 13,805

Kern County Water Agency (53,997 af total)
Berrenda Mesa Water District 47,000
Lost Hills Water District 5,997
Belridge Water Service District 1,000

Crestline — Lake Arrowhead Water Agency 236

Metropolitan Water District of Southern California (215,000 af total)
City of Anaheim 2,597
City of Beverly Hills 1,304
City of Burbank 1,957
City of Compton 417
City of Fullerton 758
City of Glendale 2,470
Las Virgenes Municipal Water District 1,537
City of Long Beach 3,802
City of Los Angeles 30,703
City of Pasadena 1,965
City of San Fernando 70
City of San Marino 78
City of Santa Ana 2,002
City of Santa Monica 552
City of Torrance 1,750

Calleguas Municipal Water District (2,014 af from MWDSC)
Brandeis (7?)
Califernia American Water Company — Village
City of Camarillo
Camrosa Water District
Caypart (?}
Crestview Mutual Water Company
Lakeshore (7)
Metropolitan Water Company
City of Oxnard
Pleasant Valley Mutual Water Company

NOTE: (?) denotes that we were unable to obtain complete name of
retalil agency.




Calleguas MWD (continued})
Russell Valley Municipal Water District
Southern California Water Company — Simi Valley
City of Thousand Oaks
Ventura County Waterworks District #1 (Moorpark)
Ventura County Waterworks District #8 (Simi Valley)
Ventura County Waterworks District #19 (Somis)

76
67
g6
482
162

Central Basin Municipal Water District (13,322 af from MWDSC)

City of Bell Gardens
City of Bellflower
California Water Service Company—East L.A.
City of Cerritos
City of Commerce
Rancho Los Amigos
La Habra Heights Water District
City of Lakewood
City ©f Lynwood
Maywood Mutual Water Company #1 {Huntington Park)
Maywood Mutual Water Company #2 (Maywood)
City of Montebello
Orchard Dale Water Company
City of Paramount
Park Water Company
San Gahriel Valley Water Company
City of Santa Fe Springs
City of Signal Hill
Southern California Water Company — Metropolitan
Suburban Water Systems
City of Vernon
Walnut Park Mutual Water Company
Orange County Water District
{(ground water replenishment)
Water Replenishment District

Chino Basin Municipal Water District (4,860 af from MWDSC)
City of Chino
Chino Hills (7?)
Cucamonga County Water District
First City (2}
Monte Vista Water District
City of Ontarie
Southern California Edison
City of Upland
Watermasters (?)

Coastal Municipal Water District (5,808 af from MWDSC)
Irvine Ranch Water District
Laguna Beach Ceunty Water District
City of Newport Beach
South Coast Water District
Tri-Cities Municipal Water District

122
3g2
1,416
207
57
45
20
43
188
i9
&8
12¢
B4
168
B12
63
545
44
1,372
401
159
42

174
6,755

238
B51
1,798

267
710

63
452
476

30
612
2,813
542
1,811



- 79 -

Eastern Municipal Water District (5,74% af from MWDSC)

Own retail customers

Direct request from real estate developer
Edgemont Gardens Mutual Water Company
March Air Force Base

City of Perris

Foothill Municipal Water District (942 af from MWDSC}

La Cafiada Irrigation District

Las Flores Water Company

Lincoln Avenue Water Company

Mesa Crest Water Company

Rubio Cafion Land & Water Association
Valley County Water District

Valley Water Company

Municipal Water District of Orange County

(22

San

,421 af from MWDSC)

City of Brea

City of Buena Park

Capistrano Valley Water District

East Orange County Water District

El Toro Water District

City of Fountain Valley

City of Garden Grove

City of Huntington Beach

Irvine Ranch Water District

City of La Habra

City of La Palma

Los Alisos Water District

Mesa Consolidated Water District

Moulton Niguel Water District

City of Orange

Santa Ana Heights Water Company

Santa Margarita Water District

City of Seal Beach

Southern California Water Company — Orange County

Trabuco Canyon Water District

City of Westminster

Yorba Linda Water District

Orange County Water District
(ground water replenishment)

Diego County Water Authority (67,393 af from MWDSC)

Bueno Colorado Municipal Water District
Carlsbad Municipal Water District
City of Del Mar

City of Escondide

Fallbrook Public Utility District
Helix Water District

City of National City

City of Oceanside

Olivenhain Municipal Water District
Otay Water District

Padre Dam Municipal Water District
Camp Pendleton Military Reservation
City of Poway

5,265
78

53
154
199

225
4%
138
5%
57
169
245

707
591
515
700
962
286
496
1,012
2,747
151
28
777
782
2,839
916
180
1,657
23
771
285
208
836

4,952

1,685
2,046
174
2,220
1,803
4,115
424
3,301
1,506
2,558
2,205
13
1,526



San Diego County Water Authority (continued)

Rainbow Municipal Water District 3,526
Ramona Municipal Water District 1,771
Rincon Del Diablo Municipal Water District 928
City of San Diego 2,6061
San Dieguito Water District 733
Santa Fe Irrigation District 1,028
South Bay Irrigation District 2,387
Vallecitos Water District 1,504
Valiey Center Municipal Water District 5,665
Yuima Municipal Water District 214
Three Valleys Municipal Water District (6,502 af from MWDSC)
City of La Verne : 1,625
City of Pomecna 813
Rowland Water District 813
Southern California Water Company - Pomona 1,625
Walnut Valley Water District 1,626
Upper San Gabriel Valley Municipal Water District
(7,976 AF from MWDSC}
Own retail customers BOO
City of Alhambra 236
Azusa Valley Water Company 16
Valley County Water District 124
City of West Covina 758
Ground water replenishment 6,042
West Basin Municipal Water District (17,169 af from MWDSC)
california Rmerican Water Company—Baldwin Hills 70
California Water Service Company—Palos Verdes 2,905
Dominguez Water Corporation 2,549
city of El Segundo 1,950
Chevron 0il Refinery (by request) 1,550
City of Hawthorne 294
City of Inglewood 736
City of Manhattan Beach 478
City of Lomita 254
Los Angeles County Waterworks District #1 23
Los Angeles County Waterworks District #22 21
Los Angeles County Waterworks Districts #29-56 785
Southern California Water Company — Metropolitan 2,802
Water Replenishment District 2,752
Western Municipal Water District (8,482 af from MWDSC)
Own retail customers 3,985
Bedford Heights (7} 97
City of Corona 1,064
Eagle Valley Mutual Water Company 332
Elsinore Valley Municipal Water District 674
El Sobrante Water Company 829
March Air Force Base 142
Rancho California Water District 1,116
City of Riverside 243
Note: (?) denotes that we were unable to obtain complete name of

retail agency.
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