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ABSTRACT: This study systematically evaluates residential con-
sumer responses Lo a utility conservation initiative based on an
econometric analysis of a sample of 510 households served by Arte-
sien Water Company, Ine. (New Castle County of Delaware). Using
a panel study approach covering the period from 1892 to 1997, this
study shows that Artesian's water conservation program hog had
statistically significant and persistent impacts on residential water
consumption,

(KEY TERMS: economics; water conservation; water demand;
water management; water resources planning.)

INTRODUCTION

Water service i1s becoming more costly, especially in
jurisdictions with high summer peak use and where
drought conditions frequently appear, Many
researchers (Schultz and Hornbogen, 13897; Lund et
al., 1995; Beecher, 1995; Fiske and Dong, 1995; Child
and Armour, 1995; Beecher and Stanford, 1993;
Weber 1993; Vickers, 1993, 1991; Vickers and
Markus, 1992, Beecher ef al., 1991; Little and More-
au, 1991) are encouraging states, municipalities and
private water utilities to adopt an Integrated Water
Resource Planning (IWRP) approach in which
Demand-Side Management (DSM) options are
employed in conjunction with conventional supply
activities to address water shortage problems.

The success of DSM will depend upon how water
consumers respond to policy initiatives. Quantitative
analysis of consumer responses to conservation-ori-
ented rates and other DSM initiatives by water utili-
ties can provide valuable information on the
effectiveness and persistence of such programs. The

objective of this paper is to evaluate the impacts of
selected DSM measures on residential water conser-
vation. For this purpose, houschold-level data were
gathered by survey from a random sample of Artesian
Water Company customers (Wang ef af., 1998),

A stratified random sample by water consumption
subgroup was drawn for this analysis. Three sub-
groups were used — small, medium and large con-
sumption — with consumption levels defined according
to the residential tanff in use by Artesian. The sam-
ple size of each subgroup was based on the mean and
standard deviation of water consumption during the
summer of 1991 by each target subgroup. The initial
survey was conducted during the spring of 1993,
incorporating questions involving 87 variables relat-
ing to water consumption and conservation behavior,
Artesian is an investor-owned water utility serving
western New Castle County, Delaware. With the over-
riding concern in DSM research on the persistence
and reliability of conservation performances (Nadel,
1993; Vine, 1993), a household-hased panel analysis
for the period 1992-1997 is used to estimate conserva-
tion impacts,

ARTESIAN'S WATER DSM PROGRAM

Beginning in 1990, Artesian took several steps to
improve management and operations and to address
specific concerns expressed by the Delaware
Public Service Commission (DPSC). A new board of
directors and management team were appointed, In
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conjunction with these changes, Artesian adopted a
long-range strategic plan in 1992 which set a goal of
becoming a leader in encouraging residential conser-
vation. According to direct testimony before the DPSC
by the president of Artesian, the Company proposed a
three-part conservation plan consisting of an informa-
tion campaign, a conservation technology promotion
program, and a revision of residential water pricing to
include a conservation incentive (Artesian Water Co.,
1992, Vol.1: 3).

Information Campaign

The Company launched a comprehensive campaign
to publicize its active commitment to water conserva-
tion. Artesian used “a kick-off” meeting and various
media messages to encourage its employees and cus-
tomers to learn about the Company's conservation
efforts, It reinforced its campaign by publishing water
conservation-related information in an in-house
newsletter and in a newsletter mailed to customers as
a bill insert.

In addition, water conservation was the theme of
the Company’s 1992 annual report which was printed
in greater quantities and distributed to a wider
audience. Artesian became active in Water Week cele-
brations supporting employee participation, providing
displays of conservation equipment and furnishing
publicity for the event. Artesian also promoted its
conservation initiatives to the Customer Adwvisory
Program (CAP) in 1991 to improve communication
with customers, to keep them up to date on issues
affecting them and to learn of their needs and con-
cerns, The members of CAP are delegates from active
civic associations in Artesian’s service territory.

Conservation Technology Promotion

With support from Delaware’s Department of Natu-
ral Resources and Environmental Control (DNREC),
Artesian also launched a Customer Conservation Pro-
gram (CCP) in September 1992, The costs of water
conservation kits (including flow restrictors, toilet
dams, and leak detection equipment) and ultra-low
consumption toilets were financed by DNREC in an
effort to provide incentives to program participants to
retrofit their homes with water conservation technolo-
gy and to educate them on water conservation tech-
niques.

Through this program, Artesian offered its cus-
tomers conservation hints and stratepgies, installed
water-saving fixtures, and checked for costly leaks.
On request, Artesian’s conservation team performed a
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water audit and installed conservation devices in cus-
tomer’s homes that included faucet aerators, low-flow
shower heads, and toilet dams. Artesian also sent its
residential customers leaflets attached with a reply
card, asking them to sign up for {rece conservation
devices. This service was free to the first 2,000 cus-
tomers who returned the reply card. To the second
2,000 customers responding, the Company offered a
customized conservation kit at a 50 percent discount
and a free water audit. After this offer expired, cus-
tomers could purchase the kits at the Artesian Water
Company.

Conservation Pricing

On January 31, 1992, Artesian filed a petition with
the DPSC seeking to increase water sales revenues by
14 percent. On August 25, 1992, the DPSC approved a
rate increase, raising the Company’s revenue require-
ment by 9 percent, which included Delaware's first
rate structure designed to encourage water conserva-
tion. Converting to an inclining block rate structure
from a flat rate structure, the Company sought to
send “price signals” to residential customers who have
large discretionary demands to reduce water use
through improved use-efficiency, especially during the
summer. In May of 1995, Artesian raised the rates
again, enhancing the conservation signal of its inclin-
ing block structure. The effect of these rate changes
was to increase the cost to high-volume residential
customers (who typically use 30,000 gallons of water
during the summer) by a [ittle more than 15 percent
(from $86.45 to $99.70).

ECONOMETRIC ANALYSIS

Artesian provided quarterly water consumption
data for the sample households during the summer
months (third quarter) from 1992 to 1997. Third quar-
ter 1992 water consumption was used as the control
quarter for evaluating the conscrvation impact of the
Company’s DSM measures, since the information,
tachnmology promotion, and rate reform initiatives
were put into effect after this period. As a means of
evaluating the statistical performance of variables,
preliminary analyses were first conducted using the
t-test (for dichotomous independent variables) and
Pearson’s correlation (for numerical independent vari-
ables), These tests were designed Lo examine bivari-
ate relationships between actual water consumption
growth rates between the two years [(Q) - Qo) / Qpl

JOUBNAL OF THE AMERICAN WaTER RESCURCES ASSOCIATION



Evaluating the Persistence of Residential Water Conservation: A 1992-1997 Panel Study of a Water Utility Pregram in Delaware

and variables that were expected to influence water-
using activities.

Correlation analyses of changes in water consump-
tion (1992-1993, 1992-1994, 1992-1995, 1992-1996,
and 1992-1997 cases) and 12 independent variables
revealed that only change in price [(P} - Pg) / Pyl was
statistically related to water consumption change in
all five cases (as expected, the relationship was found
to be inverse). In November 1994, a supplementary
survey was conducted to obtain information on
changes in factors affecting water consumption since
the last survey in early 1993. Through the late-1994
survey, changes in household income and household
size (AHHSIZE) were identified, The correlation
between AHHSIZE and water consumption growth
was found to be statistically positive. However,
AHHSIZE was not included in the analysis because
information on changes between 1992 and 1993 and
also after 1995 was not available. Neither the indoor
appliance usages nor outdoor water activities were
found to be statistically significant in all five periods.

Fourteen dichotomous variables were used in
t-tests to identify possible predictions of change in
water consumption. Only two variables were statisti-
cally significant in all five cases. Those customers
who obtained water conservation devices provided by
Artesian showed a significantly lower water consump-
tion growth rate compared to those who did not
receive the devices. Also, those who were aware of
both Artesian’s DSM efforts and conservation tips
through bill inserts or pamphlets had a significantly
lower water consumption growth rate compared to
their counterparts.

To quantitatively evaluate Artesian’s water DSM
impacts, a regression model of water demand was
built using a proportional change measure of price
and consumption instead of a single-year cross-sec-
tional model. In case where a consumer faces a price
schedule such as an increasing block-rate, a two-part
price variable has been recommended to estimate
price elasticity: the price of the marginal block and
the total water bill minus what would have been paid
if all water was sold at the marginal rate (see Billings
and Agthe, 1980), Griffin and Martin (1981) com-
mented, however, that Billings and Agthe’s estimated
price elasticity is biased because the explanatory vari-
ables, marginal price and difference, are not indepen-
dent of the disturbance term. Some researchers
recognized the possible bias and proposed alternative
approaches using, for instance, a set of instrumental
variables representing marginal price and difference
(Billings, 1982) or using a three equation system in
which water consumption, marginal price and differ-
ence are simultaneously determined (Agthe et al,,
1986).
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In our proportional change model, however, we
used prowth in average prices between the two years
(APRICE), reflecting the assertion that consumer
responds to his/her bill and rarely knows what his/her
marginal rate is (see Wilder and Willenborg, 1975;
Foster and Beattie, 1981). It is also noteworthy that
the simultaneity bas of APRICE is perhaps insignifi-
cant because of our proportional approach,

Proportional changes between 1992 and each sub-
sequent year to 1997 for water prices and consump-
tion were used to estimate five separate regressions.
For this model, the independent variables which were
conceptually and statistically significant in the pre-
liminary t-tests and correlation analyses were includ-
ed in the regression analysis. In these cases, the
dependent variable was the rate of water consump-
tion growth between two vears with 1992 as a refer-
ence year (AWATER} The statistically-significant
independent variables included in the equation were:
the prowth rate of real average water price (APRICE),;
customer awareness of both the water conservation
efforts undertaken by Artesian and conservation tips
supplied through bill inserts or pamphlets (INFORM);
and use of water conservation devices supplied
by Artesian as part of the Customer Conservation
Program (DEVICES). Since our panel study has a
six-year duration from 1992 to 1997, it is necessary to
adjust for inflation in water prices. Consumer price
indexes for 1992-1997 for the Philadelphia-Wilming-
ton-Trenton CMSA were used to adjust water prices
from 1993 through 1997, The variable PRICE is the
real average price paid for summer water consump-
tion by each individual customer,

For consistency, the same variable specification
was adopted in the water consumption growth equa-
tions of 1993 through 1997. The dependent variable
AWATER and the independent variable APRICE were
entered in the equation in proportional change forms
between the two years, while INFORM and DEVICES
were inserted as base-year dummy variables, Weather
conditions were treated in two ways: as part of the
dependent variable by adjusting water consumption
for maximum temperatures and as one of the inde-
pendent variables (WEATHER).

Weather adjustment was made on the basis of the
sum of the current year’s maximum daily tempera-
tures during a summer quarter compared to the aver-
age sum of daily maximum temperatures during
summer quarters in the past 29 years (starting with
1969). This means that if the 1997 summer quarter is
hotter, for example, than the average summer quarter
of the past 29 years, then water consumption in 1997
would be adjusted downward to normalize its volume
with the last 29 years. We found that the adjusted R?
of the temperature-adjusted equation (i.e., weather
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included as part of the dependent variable) was high-
er than that for the temperature-as-independent-
variable equation. Both temperature [(T; - Tg) / Tyl
and rainfall [(R; - Ry) / Ryl were introduced as inde-
pendent variahles in the model with proportional
price and consumption changes (Hansen and
Narayanan, 1981). But no significant improvement in
statistical performance resulted. In subsequent analy-
ses, therefore, a temperature-adjusted water con-
sumptien equation was used without rainfall as an
independent variable. The general form of the equa-
tion was as follows;

AWATER = a5 + a; APRICE + a,; INFORM
+ a3 DEVICES +e

where AWATER = proportional changes in day- and
weather-adjusted water consumption during the sum-
mer months between two periods 1{(Q) - Qg) / Qpl;
APRICE = proportional changes in real (inflation-
adjusted) average prices of water during the summer
months between two periods |(Py - Py} / Pyl; INFORM
= consumers with higher levels of water conservation
information provided by Artesian = 1 and consumers
with lower levels of information = 0; DEVICES = cus-
fomers who used water conservation devices provided
by Artesian =1 and customers who did not = 0; and e

= erTor term.

PERSISTENCE OF CONSERVATION IMPACTS

As shown in Table 1, the estimated five equations
show the F-values far greater than the critical F-
value of 2.965, indicating that these equations are
statistically significant at the 0.05 level. The R2s of all
five equations range from 0.173 to 0.311. All the signs
of the estimated coefficients conformed with prior
expectations, No problem with heteroscedasticity nor
multicollinearity existed. INFORM was significant at
the 0.05 level anly in the 1992-1995 equation, where-
as DEVICES was significant in all equations except
in the 1992-1995 and 1992-1996 equations. Overall,
the results of our regression analysis indicate that
water conservation impacts have persisted since the
price reforms and new DSM initiatives were imple-
mented in 1992,

Impact of Conservation Rates

Artesian’s water conservation rates appear to have
had a statistically significant impact on water conser-
vation in the summer. AWATER and APRICE were
constructed in such a way that the estimated coeffi-
cient of APRICE is equivalent to the price elasticity
of water demand. Using differential caleulus, it can
be shown that dAAWATER / dAPRICE i35 equal to

TABLE 1. Results of Regression Models for Water Demand Based on Real Prices (1992-1997).

Variable __ Statistics

Equation PRICE (R) INFORM DEVICES Constant R? F Value Cases

18992-1983 0.50821** -0.02844 -0.20400* 0.20391** 0.173 15.216R 310
(-9.5486) {-0.795) (-3.379) {7.613)

1992-19%4 -0.69716"* -0.05054 -0.14693* 0.20957** 0.311 76.271 alo
(-14.243) (-1.661) (-3.200) (9,293)

1992-1%95 -0.63295%* -.08723¢ -0.09605 0.18390*" 0.208 44.315 310
(-10.445) (-2.216) (-1.667) (6.213)

1942-1996 -0.58R96* -0.06906 0.10676 0.15225% 0.214 45.876 310
(-11.011} (-1.624) {-1.909) (5.289)

1892-1997 -0.53235** -0.04845 -0.15989% 0.167957" 0.206 43777 510
{-11.016) (-1.117) (-2.487) (5.268)

Note: The figures in the parentheses are L-statistics,
* denotes a statistical significance at the level of 0.03,
“¥ donotes a statistical significance at the level of 0.01.
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(dWATER,; / dPRICE ) * (PRICE, / WATER), the
elasticity of water with respect to pricey. The price
elasticities range from -0.508 to -0.697, relatively
higher than elasticity estimates based on yearly
data used in nearly all of the studies summarized in
Table 2, This is explained by our focus on summer
water use where discretionary demand tends to be
greatest, Indeed, outdoor water use has been found in
the literature to be particularly sensitive to price
increases, especially during the high-demand summer
months (Rhodes ef al., 1992).

It 1s interesting to note that the magnitudes of the
price elasticities, as shown in Table I, have weakened
since 1994, from -0.697 in the 1992-1994 equation to

-,.533 in the 1992-97 equation. The test of the equali-
ty of two regression coefficients showed that the two
elasticities are statistically differcent (the calculated
t- statistics of 2,393 compared to the eritical t value of
1.965). it may be interpreted that the price respon-
siveness on the part of residential customers has
dwindled over time, However, APRICE is still the
most significant policy variable in this model as
shown by the magmitude of the t-values. Based on the
price elasticity of -0.533 in the 1992-1997 equation, it
was estimated that water consumption in 1997 was 8
percent less than in 1992 attributable to the 15 per-
cent increase in water prices between 1992 and 1997.

TABLE 2, Estimated Price Elasticities for Residential Water Demand:
Solected Studies Conducted Between 1985 and 1998,

Year Price
Investigator Published Type of Analysis Elasticity

Wang, Byme, Song, and Chen 1994 510 houschalds, Delaware Panel Study, 1992-1997 (Surmmer) 0,508 Lo -0.697
Dandy, Nguyen and Davies 1997 320 houscholds, Australia Panel Study, 1979-1992 (Summer} -0.36 o 0.56
Espey, Espey and Shaw 1897 24 U.8. Studies Reviewed

Short-Run Range 000 to -2.23

Long-Run Range -0.10 to -3.33
Hansen 1996 Copenhagen, Annual Per Capita Time Series, 1981-1990 0.1
Hewitt and Hanemann 1993 121 Houreholds, Texas Panel Study, 1981-1985 (Summer) -1.57 to -1.63
Stevens, Miller, and Willis 1992 85 Massachusetts Communities, Cross-Scctional -0.10 to -0.69
Weoo 1492 Hong Kong, Monthly Per Capita Time Seriey, 1973-1984 -0.384
Nicswiadomy 1992 430 Water Utilities, AWWA Data Cross-Sectionul .29 10 -0.45
Rizaiza 1991 564 Customers, Saudi Arabia, Cress-Sectional -0.40 Lo 0,780
Nieswiadamy &nd Molina 1991 101 Customers, Summer, Texas

1976-1980, DBR Period* -0.11 to -0.94

1981-1965, 1BR Period* 0.78 Lo -0.295
Weber 1989 12 zones, East Bay Municipal Utility District, Calilfornia 0,10 to -0.25

Time Seriea and Cross-Sectional
Metzner 1989 City of San Francisco 1974-1986, Time Scries -0.25
Billings and Day 1959 3 Water Utilities, Arizona, Time Series and Cross Sectiongl 0,720
Palencia 1988 Metropolitan Manila, Time Series, 1970-1981 0,287
Martin and Thomas 1966 Five Arid Citics (U.S., Kuwait, and Australia), Cross-Seclional -0.500
Narayanan, Larson and Hughes 1985 33 Utah Communities, 1976-1977, Cross-Seclional <107 to -0.09

Note: *DBR denotes declining hlock rates, and IBR denotes inelining hlock rates.
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Impact of Conservation Devices

Artesian’s delivery of water conservation devices
was also found to contribute to water conservation.
The estimated coefficients of DEVICES were negative
and statistically significant in the 1992-1993 equa-
tion, in the 1992-1994 equation and in the 1992-1997
equation. These results indicate that those customers
who received conservation devices provided by Arte-
sian as part of CCP experienced a significantly lower
growth rate in water consumption than those who did
not participate in the program. More specifically,
those who received the devices reduced their con-
sumption by approximately 15-20 percent compared
to those who did not (as shown in the estimated coeffi-
cients of DEVICES of -0.147 in the 1992-1994 equa-
tion and -0.204 in the 1992-1993 equation)}. This
magnitude of savings is impressive compared with
other research results, such as those for the San Jose
residential retrofit kit program which achieved a 10
to 11 percent reduction in indoor water use (Vickers,
1991). Even though those who received Artesian’s
water conservation devices reduced their consumption
by 16 percent in 1997 compared to 1992, overall water
savings were estimated to be only 2 percent due to the
small number of participants in this program (15 per-
cent participation rate in our sample).

Efficiency improvements in water appliances com-
bined with consumer behavior changes can make sig-
nificant contributions to water conservation.
According to a four-year study conducted by the Uni-
versity of Arizona, a residential water conservation
experimental and demonstration home which was
retrofitted with water conservation technigues and
technologies consumed only 34 percent of the average
residential water consumption in Arizona, At the
demonstration home, the average water usage was 49
gallons per capita per day (gped) compared to the Ari-
zona average of 145 gped, creating savings also in
terms of reduced energy consumption for heating
water, treating sewage and purifying water (Karpis-
cak et al,, 1990},

Impact of Information

Artesian’s information campaigns through bill
inserts and pamphlets have made a modest contribu-
tion to the overall water conservation effort, according
to our analysis, Even though information was not sta-
tistically sipnificant at the 0.05 level except for the
1992-1995 equation, the estimated coefficients in all
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equations had negative signs, indicating that residen-
tial customers with higher levels of water conserva-
tion information (supplied by Artesian) tended to
consume less water than those who had lower levels
of conservation information. The magnitude of reduc-
tion during the summer months between 1992 and
1997 was about 5 percent (as shown in the estimated
coefficient of INFORM of .048 in the 1992-97 equa-
tion). Based on our sample, 51 percent of residential
customers were classified as “more informed.” Overall
water savings from Artesian’s information campaigns
were estimated to be 2 percent in 1997 compared to
1992,

Few studies are available which deal with the
impact of INFORM on water conservation. The stud-
ies that have analyzed this factor are based on aggre-
gate data and on regions significantly different from
New Castle County, Delaware. Using the American
Water Works Association (AWWA) survey of 430 U.S.
water utilities, Nieswiadomy (1992) estimated the
impacts of public education programs on water con-
servation for four different regions of the United
States — North Central, Northeast, South and West.
His results showed that public education programs,
which urge people to conserve water, significantly
reduce water demand only in the West,

A study of southern Arizona's campaign showed
that publicity about water problems had a small
impact on water conservation, with an average elas-
ticity of -0.05 (Billings and Day, 1989}, suggesting
that a 10 percent increase in the amount of publicity
about the need to conserve water would produce a 0.5
percent reduction in water use. Several formulations
were estimated by Billings and Day for this variable,
“but none showed a significant lagged effect of publici-
ty, thus indicating that the effect of publicity exists
only as long as the publicity continues™ {Billings and
Day, 1989:63).

An interesting result with regard to conservation
information was found by Bruveld and Smith (1988).
Their research indicates thal the variable represent-
ing a customer’s knowledge of water consumption was
statistically significant, but the belief variable, repre-
sented by attitudes toward long range water conser-
vation, turned out not to he statistically sipnificant,
although the cutcome was in the predicted direction.
They concluded that “an inclining block rate structure
coupled with an informational program designed to
inform consumers of their consumption under each
block will have a synergistic impact” (Bruvold and
Smith, 1988:661).
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POLICY IMPLICATIONS

The estimated impacts of Artesian’s DSM measures
were based on five years of experience (1992-97). Our
research indicates that these measures have resulted
in a statistically measurable, persistent conservation
effect. Thus, our work tends to support to the conclu-
sion that water conservation programs can be
designed which can have lasting impacts on water
users’ behaviors. The policy implications of our find-
ings can be summarized as follows:

* Water utilities, in collaboration with state and
local governments, can play an active role in the dis-
semination of quality information on the water supply
situation and conservation needs for reduction in dis-
cretionary water consumption. The most critical mat-
ter 1s to get customers to take the message seriously
enough to change their behavior. The information
should be clear and understandable to customers and
motivate them to take actual conservation measures.
Information campaigns should be also be ongoing to
be most effective.

* Qur analyses and engineering estimates (Postel,
1986, Vickers, 1989, 1991, 1993) genecrally indicate
that efficient water fixtures can significantly reduce
water consumption, Fully realizing such potential
water savings available from higher-efficiency f{ix-
tures necessitates their widespread adoption. Water
utilities might consider combined strategies of infor-
mation and pricing reform (including utility rebate
programs) to promote installation of conservation
devices by customers.

¢ Pricing policy is essential for ensuring that
water utilities and customers alike weigh efficiency
alternatives properly in their water supply and
demand decisions. The most costly water supply prob-
lem faced by water utilities is peak summer demand.
To be most effective, pricing structures need to be
designed in such a way that discretionary water use
in the summer months is targeted (Espey et af., 1997).
Customers who are the principal source of peak
demand should shoulder proportionally higher costs.
Seasonal and inclining block pricing reflects these
higher costs.

* A policy that combines the strategies of conser-
vation pricing, consumer education and the promotion
of conservation devices can ensure adequate water
supplies while also minimizing adverse environmen-
tal impacts. Such a policy benefits consumers by
reducing wasteful water use, contributing to the
preservation of the natural environment, and assist-
ing utilities in meeting water needs more cost-effec-
tively. An intelligent water conservation policy can
produce win-win autcomes for all.
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