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Proponents of water conservation typically emphasize the environ-
mental benefits of minimizing river development and streamflow 
depletions—but the case in favor of conservation is actually much 
broader and stronger. A primary consideration is financial; meeting 
demands through conservation is often dramatically cheaper (and 

less politically sensitive) than developing new supplies or reallocating water 
from agriculture to the municipal sector (Kenney et al, 2011). Additional 
environmental and financial savings can accrue from the resulting energy 
savings because the water sector is a major energy consumer (Kenney & 
Wilkinson, 2011). In fact, water conservation has become a core strategy in 
California’s energy conservation efforts, which are not only motivated by 
environmental and financial concerns, but also by the state’s efforts to reduce 
greenhouse gas emissions (Spivy-Webber, 2011). In this case, the link between 
water conservation and climate change mitigation is explicit. 

The link between water conservation and climate change adaptation, how-
ever, is more complex. In an era of increasing water scarcity and climatic 
uncertainty, there are obvious benefits to a management philosophy that seeks 
to keep demands well below natural limits, especially in regions where river 
yields are expected to decline under climate change. But although this risk 
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management argument may be intu-
itive, the reality is that “for public 
utilities, including water suppliers, 
the incentives to add capacity have 
always been stronger than the incen-
tives to control demand” (Chesnutt 
& Beecher, 1998). For example, 
under western US water law, the first 
party to develop and use a water 
resource obtains the right to use that 
water in perpetuity, an immensely 
valuable asset in water-short regions. 
To the extent that obtaining and 
keeping these water rights requires 
financing expensive infrastructure 
and encouraging its full utilization, 
law and economics conspire to 
encourage the race to develop—i.e., 
to get the last remaining sliver of 
water before someone else can 
(Cody, 2011). Because of this incen-
tive structure, water conservation is 
often viewed as a strategy to be 
“reserved” for the time when new 
development is impossible. But given 
water engineers’ ability to move 
water hundreds of miles and capital 
markets’ willingness to finance these 
efforts (because they are backed by 
reliable revenue streams from water 
sales or by a broad taxing base), this 
era of demand management is 
delayed further (Leurig, 2010). 

UTILITIES FACE TWO MAJOR 
DISINCENTIVES TO 
CONSERVATION

Equally as problematic as the 
incentives to consume are the disin-
centives to conserve, which are the 
focus of this article. Water conserva-
tion creates two serious problems for 
water providers. First is “demand 
hardening,” which is the concern 
that policies that encourage consum-
ers to use less water can effectively 
reduce the “slack” in the system and 
thereby undermine the ability of 
those consumers to further reduce 
consumption during droughts or 
other supply emergencies. On Colo-
rado’s Front Range, for example, 
many water utilities during the 2002 
drought were able to significantly 
reduce demand—in the city of Lafay-
ette, by 56% from what would have 

been normally expected given tem-
perature and precipitation condi-
tions—through temporary programs 
focused mainly on mandatory lawn 
watering restrictions (Kenney et al, 
2004). If lawn watering and other 
“nonessential” water uses had been 
scaled back before the drought (as 
part of an ongoing demand manage-
ment program), would emergency 
reductions have been possible? To 
some water managers, the prudent 
risk management strategy is to not 
find out—i.e., to not aggressively 
pursue reductions in water consump-
tion, especially in lawn watering, on 
an ongoing basis—and to enact tem-
porary watering restrictions when 
necessary to deal with droughts. 

The second type of conservation 
disincentive facing water providers 
is fiscal. The activities of water pro-
viders are financed, in whole or in 
part, by selling water. If less water is 
sold, then revenues drop. Because 
many of a utility’s costs are fixed 
(e.g., the capital costs of existing 
infrastructure), conservation can 
drop revenue (income) faster than 
costs, leading to budgetary shortfalls 
that necessitate rate increases unpop-
ular with customers, utilities, and 
political leaders. This link between 
the volume of sales and a utility’s 
financial health is known as the 
“throughput incentive” and is a 
powerful conservation disincentive 
seen in several utility sectors (Erick-
son & Leventis, 2011). Unlike in 
other sectors, however, the through-
put incentive for water utilities has 
rarely been addressed by revenue 
model reforms, although interest in 
the subject is growing. 

These two conservation disincen-
t ives—the service  re l iabi l i ty 
(demand-hardening) concern and 
the desire to protect revenue 
streams—are ex  plored in this article. 
These are disincentives strictly 
affecting water providers; customers 
(end-users) often have different 
incentives. This point is central to 
the discussion of revenue models, in 
that rate structures which provide 
conservation incentives for customers 

can provide a conservation disincen-
tive for utilities. The words incentive 
and disincentive are used extensively, 
especially in reference to the way that 
institutional arrangements (e.g., laws, 
policies, management frameworks) 
reward or punish behavior. The in -
tent is not to criticize utilities for not 
aggressively pursuing conservation at 
some theoretically optimal level; on 
the contrary, given the disincentives 
under which water utilities operate, 
the existing breadth and success of 
many conservation programs are 
remarkable. It is not normally the 
responsibility or authority of the 
water provider to create the institu-
tional structure within which it oper-
ates. To the extent that reform oppor-
tunities exist, that is a message 
primarily directed at higher levels of 
government. 

Although the challenge of adapting 
to climate change was the impetus 
for this investigation, the issues inves-
tigated are relevant with or without 
a changing climate. Even if the disin-
centives to conservation are removed 
or addressed, it is still debatable how 
prominent a role water conservation 
should play as a climate adaptation 
tool. The answer undoubtedly varies 
significantly from case to case, and 
the details matter. Similarly, the 
value of conservation in achieving 
environmental and economic goals 
is also highly variable. The intent 
therefore is not necessarily to argue 
for more water conservation across 
the board but to better understand 
the institutional disincentives that 
hinder the application of this strat-
egy in those situations in which it 
could likely be beneficial.

SERVICE RELIABILITY 
AND DEMAND HARDENING

Service reliability. Arguments in 
favor of greater water conservation 
are occasionally countered by water 
managers based on a concern over 
how conservation affects service reli-
ability, a concern often summarized 
by the term demand hardening. 
Demand-hardening terminology is 
usually raised by individuals arguing 

2014 © American Water Works Association



38      JANUARY 2014 |  JOURNAL AWWA •  106 :1   |   KENNEY

that existing inefficient or nonessen-
tial water uses by customers should 
be viewed as an asset to be main-
tained rather than a weakness to be 
eliminated, in that this is water that 
can be easily “conserved” on a tem-
porary basis as needed to respond to 
any unforeseen shortage—such as a 
drought crisis. Remove this slack 
from the system through a compre-
hensive conservation program, it is 
argued, and the ability to quickly 
reduce demands during a crisis is 
also reduced. When viewed through 
this lens, long-term demand manage-
ment programs can be viewed as 
undermining short-term conserva-
tion efforts. Although many reports 
make mention of this phenomenon, 
there is almost no literature that 
explores this thinking in any system-
atic or sophisticated way.  

The lack of scholarly writings 
on demand hardening is perhaps 
best explained by the observation 

that it undoubtedly occurs. Because 
long-term conservation programs 
eliminate the most water-wasting 
activities and technologies—and 
presumably those with the lowest 
economic value to customers—then 
further reductions are inherently 
more difficult to achieve. An inef-
ficient use, once eliminated, can-
not be eliminated a second time for 
additional savings. Further, the abil-
ity to quickly suspend nonessential 
water uses in a crisis is a remark-
ably useful management tool that 
water managers can, understand-
ably, be hesitant to discard. 

These viewpoints are easy to appre-
ciate when reviewing the drought-
coping activities of Colorado’s Front 
Range cities during drought condi-
tions in the early 2000s. In that region 
and period, summertime lawn water-
ing accounted for half (or more) of 
total annual residential water use, but 
much of that urban irrigation was 

beyond what was essential for plant 
survival, and temporary cutbacks 
were tolerated by both the plants and 
the community. In one study, Kenney 
et al (2004) found that voluntary 
lawn watering restrictions yielded 
summertime water demand reduc-
tions ranging from 4 to 12% of 
expected use; savings from modest 
mandatory reductions ranged from 
18 to 56%. Not only are these quan-
tities significant, they also were 
achieved with virtually no need for 
advance planning or investment by 
the utility. But digging deeper, it was 
illustrated (Kenney et al, 2008) that 
the majority of these savings came 
from those customers who were pre-
drought the highest volume water 
users. Those customers who were 
using the least water predrought—i.e., 
presumably, those with the fewest 
inefficient and nonessential uses—
were unable (or unwilling) to cut 
back at a level commensurate with 
the more profligate users (Figure 1). 
Given this observation, long-term 
conservation programs that system-
atically shift households from the 
“high-water-using” to “low-water-
using” categories raise concerns about 
the magnitude of short-term reduc-
tions capable from coping strategies 
such as lawn-watering restrictions. 

But confirming that demand hard-
ening can be a real phenomenon 
adds little to the discussion about 
whether it is a compelling argument 
against aggressively pursuing water 
conservation programs. That deter-
mination should be based on at least 
two threads of analysis: one that 
explores the extent to which conser-
vation actually endangers service 
reliability and one that explores the 
net societal costs and benefits associ-
ated with the program.

The idea that conservation 
can threaten service reliability 
is often attributed to Flory and 
Panella (1994), but is generally 
not backed up in the literature by 
case studies or simulations. To the 
contrary, a simulation by DeOreo 
(2006) suggests good reasons to 
expect the opposite can be true. 

FIGURE 1 Average consumption per billing period by user type
   and drought condition

Copyright © 2008, John Wiley and Sons.

The figure is for residential water use in Aurora, Colo., and shows water use predrought 
(Jan. 1, 2000, to April 30, 2002) to drought (May 1, 2002, to April 30, 2005), for three populations 
of water users: high, medium, and low. These categories are based on average household summer
consumption between 1997 and 1999 (a relatively normal period climatologically). Half of water 
users were classified as medium; the top and bottom quartiles comprise the high and low groups, 
respectively. 
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Consider that the probability of 
any given year being a “shortage” 
is a function of both supply and 
demand. If a long-term conserva-
tion program decreases demand, 
for example, from 1,000 to 800 
acre-ft, then a year featuring only 
850 acre-ft of supply is no longer 
a shortage. Without the long-term 
conservation program, a reduction 
of 150 acre-ft of demand would be 
needed. Undoubtedly, this level of 
savings would be easier to achieve 
from a population that had previ-
ously been exempted from conser-
vation requirements than from a 
population already subject to such 
a program. But it is erroneous to 
suggest that the long-term conser-
vation program decreased the abil-
ity of the utility to respond to the 
shortage: It eliminated the shortage 
before it happened. 

The situation would change sig-
nificantly if the water savings from 
long-term conservation were used to 
facilitate new growth. If, in the pre-
vious example, the 200 acre-ft freed 
up from the program were used to 
facilitate 200 acre-ft of new demands 
(e.g., new housing stock), then the 
year of 850 acre-ft yield would cre-
ate a need for 150 acre-ft of emer-
gency reductions among of popula-
tion of customers that are already 
efficient water users. This would 
certainly pose a larger challenge than 
if the long-term conservation pro-
gram had never occurred and the 
1,000 acre-ft demand was largely 
“unhardened” and distributed across 
a smaller population. On the other 
hand, if the 200 acre-ft freed up 
from the long-term conservation 
program were saved as reservoir 
storage, then the system’s vulnerabil-
ity to shortage would be greatly 
reduced by a combination of reduced 
demands and enhanced emergency 
supplies. Most systems would be 
unlikely to fall at either extreme 
because a combination of legal, 
political, and infrastructure concerns 
could determine how much water 
could be directed to growth and how 
much to storage. 

Demand hardening. The other 
thread relevant to assessing this rela-
tionship between system reliability 
and demand hardening is economic: 
At what point are the long-term soci-
etal benefits of reducing baseline 
demands overtaken by the short-
term costs associated with an 
increasingly hardened system chal-
lenged by drought or other supply 
emergency? Evaluating this sort of 
tradeoff is routine in economics lit-
erature; Howe and Goemans (2007) 
applied it to demand management. 
In their example, they envisioned a 
system in which ongoing conserva-
tion programs imposed costs of 
$50,000 ($20,000 for the measures 
themselves and $30,000 in lost con-

sumer satisfaction associated with 
the eliminated consumption), but 
returning capacity and operating 
cost savings of $100,000, for a net 
annual benefit to society of $50,000 
(plus nonquantified environmental 
benefits) in nonshortage years. How-
ever, during shortages, this system 
now features an additional $60,000/
year in costs (borne by the utility and 
the customers) as a result of the 
now-hardened demand. Whether this 
is good economic policy is a function 
of the probability of any year being 
one featuring a shortage. If three 
years in 10 were shortage years, then 
the benefits from the seven normal 
years (7 × $50,000 = $350,000) 
exceeds the added costs from the 
three shortage years (3 × $50,000 = 
$150,000) by $200,000, so the long-
term conservation program is justi-
fied. However, if five years of 10 are 
shortage years, then the benefits 
($250,000) are exceeded by the 
added costs ($300,000), and the 

long-term conservation program is 
not justified.

Although such a framework calls 
for the calculation of net societal 
costs and benefits to determine if 
demand hardening is a legitimate 
argument against conservation, it 
does not address the reality that util-
ities’ behavior will not always be con-
sistent with that economic calcula-
tion. One consideration is that a 
calculation of net costs and benefits 
hides the issue of how they are allo-
cated between the utility and the cus-
tomer. As discussed later in this arti-
cle, conservation programs have 
significant financial implications for 
utilities because many programs have 
upfront capital costs, and reductions 

in water deliveries can stress revenue 
models tied to the volume of water 
consumed. What is good (economi-
cally) for society as a whole—in terms 
of minimizing public expenditures for 
water service—may not be good for 
the financial health of the utility. Per-
haps of more fundamental impor-
tance is that some of the most impor-
tant costs and benefits of concern to 
the utility are not economic, but 
rather are political and cultural. (Sim-
ilarly, many of the benefits to society 
are not necessarily economic, includ-
ing environmental benefits.) For 
many water managers, a successful 
management approach is one that 
minimizes situations in which the 
utility must ask customers to cut back 
on water consumption, regardless of 
whether that approach is economi-
cally justified at the societal scale. 

Potential solutions to a potential 
problem. Whether water conservation 
is a benefit or threat to service reli-
ability is largely a function of two 

One of the most effective ways to shape 
customer behavior is through the design 
of water rates. 
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factors. First is the question of 
whether conserved water will be 
used primarily to support new 
growth, a practice that can unques-
tionably harden demand. To prevent 
this from occurring would likely 
entail strengthening the ties between 
water agencies and the planning and 
land-use agencies that shape growth. 
Determining exactly what form this 
integration should take, however, is 
a difficult question and is beyond the 
scope of this analysis (Kenney & 
Klein, 2009). Expecting water agen-
cies to bear the responsibility for 

tempering the pro-growth attitudes 
of city-planning entities in water-
short regions is unrealistic and is a 
function that water agencies gener-
ally do not want to—or be expected 
to—perform. A much more politi-
cally comfortable arrangement is to 
somehow condition new growth on 
the expansion of water supplies.

A second important factor is that 
maintaining nonessential water uses, 
including many outdoor uses, is only 
one type of coping mechanism used 
to deal with a service reliability con-
cern. A nearly infinite variety of mar-
ket (e.g., pricing) or regulatory (e.g., 
rationing) approaches could poten-
tially be applied if managers were 
inspired to question cultural and 
political norms about what consti-
tutes good water management. One 
particularly promising approach 
takes advantage of water use in many 
regions being a mix of municipal and 
industrial (M&I) and agricultural, 
and that a temporary shift of agricul-
tural supplies to urban users can be 
a financial win–win for water users 
in both communities. Dry-year 
options and leaseback arrange-

ments—which shift agricultural 
water supplies to urban users only in 
drought conditions—are examples 
(National Research Council, 1992).

If it can be shown that conserved 
water will primarily be used to serve 
new growth and that maintaining 
nonessential water uses (such as lawn 
watering) is the most practical coping 
mechanism for addressing any result-
ing water service reliability prob-
lems—and furthermore that neither 
of these conditions can be modified 
by reforms emerging either within or 
outside of the water utilities—then 

the so-called demand-hardening argu-
ment against long-term water conser-
vation is es  tablished. But in many 
regions, this may not be the case.

FISCAL INCENTIVES
The incentives (and disincentives) 

of conservation facing water utilities 
and their water customers (end-
users) are not identical. Why would 
they be? They are subject to different 
institutional frameworks. The more 
salient observation is that these two 
parties have incentives that are not 
always fully compatible; in some 
cases, this limits the degree to which 
water conservation can be used for 
climate adaptation or other objec-
tives. In this section, the focus is 
solely on the financial incentives—
for customers, these are the mone-
tary costs paid for water service; for 
utilities, these are the mechanisms 
used to ensure that revenues cover 
costs. This relationship is primarily 
manifest in debates about rates and 
rate structures. 

Salience of end-user water rates. 
There are many ways for customers 
(end-users) to conserve water, includ-

ing using water-efficient technologies 
and responding to behavioral incen-
tives discouraging excessive use and 
encouraging more efficient behavior 
(Vickers, 2010). One of the most 
effective ways to shape customer 
behavior is through the design of 
water rates. For most M&I custom-
ers, water bills comprise both fixed 
and variable components, with the 
latter featuring water priced in 
blocks or tiers, often in 1,000-gallon 
increments. Until recently, the tradi-
tion in most water agencies was to 
offer customers either a flat or 
declining rate structure—i.e., one in 
which the per-unit cost of water 
declines as consumption levels 
increase. However, decreasing block 
rates largely fell out of favor because 
of their ineffectiveness at discourag-
ing excessive consumption and 
because “declining block rates can-
not be justified unless the system 
tends to experience decreasing unit 
costs with increased usage.” 
Although this was the case at one 
time, “it appears that many water 
systems have exhausted such econo-
mies of scale” (Phillips, 1993). The 
cost of providing additional water 
now often involves a significant 
jump in per-unit cost because it 
entails bringing new projects online 
that can lack the advantages in loca-
tion, water quality, or reliability of 
systems constructed earlier.

An obvious solution has been to 
shift to increasing block rate struc-
tures in which the per-unit cost of 
water increases as consumption lev-
els increase. This shifts behavior in 
two ways. First, the increasing block 
rate structure conveys to a customer 
that excessive water use is consid-
ered an undesirable behavior (Ken-
ney et al, 2008; Olmstead et al, 
2003); second, it imposes a financial 
penalty to those customers who per-
sist with high-water-using behaviors. 

Several studies document signifi-
cant systemwide water savings 
attributable to establishing one or 
more high-priced billing tiers for 
high volumetric users, and the 
approach has widespread support 

Under western US water law, the first party 
to develop and use a water resource obtains the 
right to use that water in perpetuity. 

2014 © American Water Works Association



KENNEY  |   106 :1  •  JOURNAL AWWA |  JANUARY 2014      41

among water conservation advocates 
(Western Resource Advocates, 2003). 
Water utilities often share in this 
enthusiasm because water use is gen-
erally price-inelastic (Brookshire et 
al, 2002), meaning that when prices 
are raised by a given percentage, 
consumption drops at a rate smaller 
than that percentage—for example, 
a 10% price increase may net an 8% 
drop in consumption. When this is 
the case, overall revenues do not 
decline (but actually increase 
slightly), and the cost-of-service 
requirement is satisfied. (The cost-of-
service requirement states that, sys-
temwide, total revenues received by 
the water agency need to cover the 
total costs of providing water ser-
vice.) In an increasing block rate 
structure, high-tier water is priced 
above cost of service and low-tier 
water is priced below, so that the 
average of all water sold is at cost of 
service (i.e., total revenues match 
total expenditures). Thus, water is 
conserved; only profligate water 
users see major water bill increases 
(whereas low water users are 
rewarded with low water bills), and 
utilities achieve their revenue targets. 
Further refinements can still be pur-
sued (e.g., tiers based on individual-
ized water budgets), and to many 
observers, this is the right model. But 
it may not be so simple.  

Despite the benefits of an increas-
ing block rate structure, the behav-
ioral incentives are incomplete. For 
example, although the high-tier prices 
discourage some of the most wasteful 
practices by the biggest water users, 
they do little to encourage conserva-
tion among other users. On the con-
trary, water at the lowest tiers is 
highly subsidized (by those using 
water at the highest tiers). This per-
haps is a desirable public policy goal, 
because offering a modest level of 
water service at very low cost can be 
viewed as a basic human right. The 
bigger issue is that the water sold at 
the high-tier prices becomes an 
increasingly critical and sensitive por-
tion of the utility’s revenue stream. 
Research into this issue by Chesnutt 

et al (1996) found that “increasing 
the slope of an increasing block-rate 
structure always increased revenue 
uncertainty” because “steeply sloped 
rate structures generate more revenue 
from the upper tiers.” For utilities 
with this characteristic, even a modest 
decline in consumption by these high-
est volumetric users can undermine 
the revenue picture—a problem that 
appeared only recently in many cities 
because of the combined onset of 
metering (which facilitates the transi-
tion to revenue models emphasizing 
variable charges over fixed charges) 
and the transition from declining to 
increasing block rate structures. 

With this incentive structure, it can 
be financially problematic for utili-
ties to aggressively clamp down on 
the most excessive water users and 
uses—particularly outdoor land-
scape uses, which are notable not 
only for their high volume (on Colo-
rado’s Front Range, for example, 
outdoor water use is generally 
assumed to compose at least half of 
total M&I water deliveries), but also 
for their very low return flows—sti-
fling further conservation gains. This 
fiscal disincentive is further rein-
forced by the previously mentioned 
demand-hardening rationale because 
maintenance of high-volume users 
can be viewed as enhancing service 
reliability.

A further limitation of this pricing 
model is that it is designed so that in 
total the revenues generated exactly 
equal the cost of providing the water 
service (as cost-of-service mandates 
require). This is a form of average-
cost pricing. An alternative approach 
advocated by many economists and 
in economic theory is to price water 
at its incremental or marginal cost to 
“ensure economic efficiency and pro-
mote conservation” (Phillips, 1993). 
The idea of marginal cost-pricing 
became popular among economists 
as early as the 1930s, led by propo-
nents such as Emory Troxel and Har-
old Hotelling, but did not see appli-
cation until  the 1970s when 
Wisconsin and New York first imple-
mented the practice in the electricity 

sector (Makholm, 2008). (Detailed 
information on how to implement 
marginal cost principles into rate 
structures is provided by the Califor-
nia Urban Water Conservation 
Council; Chesnutt et al, 1997). This 
argument for marginal-cost pricing 
is based on the observation that most 
water systems, as they expand, typi-
cally take on new elements that are 
increasingly cost-inefficient because 
the water provider must often look 
to increasingly distant and lower-
quality sources for new water (Ches-
nutt & Beecher, 1998; Chesnutt, 
1997). By averaging the expensive 
new projects in with the pre-existing 
and less expensive projects, the costs 
of expanding consumption are hid-
den, resulting in a premature growth 
in demand. In contrast, in marginal-
cost pricing, all water is priced at the 
cost associated with the development 
of the last unit.  

In an average cost regime featuring 
an increasing block rate structure, 
customers purchasing water in the 
highest tier may actually be paying a 
rate that is similar to the marginal 
rate, but that would be largely coin-
cidental, and the economic benefits 
are mostly lost because water sold in 
the lower tiers is well below even the 
average cost. If an increasing block 
rate structure is to be used in a way 
that sends accurate signals about 
scarcity and the costs of providing 
water service, the high- and low-
priced tiers should bracket the mar-
ginal cost, not the average cost. This 
is not a typical practice because it 
would result in revenues in excess of 
costs and would thus violate the 
cost-of-service standard under which 
most water utilities operate. Rather, 
the typical approach is to assess new 
users a separate charge (normally a 
tap fee) to convey that their new use 
is particularly expensive. In many 
ways, this is fair because it does not 
ask existing users to subsidize new 
users. But the result is that it allows 
water rates (on existing supplies) to 
remain artificially low and, more 
important, can make the utility 
financially sensitive to and depen-
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dent on new users (and their tap 
fees) in a way analogous to how the 
increasing block rate structure ties 
the financial health of the utility to 
the highest volume users. This was 
recently illustrated by the Southern 
Nevada Water Authority, which 
relies heavily on new connection 
charges. Since 1997, roughly 55% of 
Southern Nevada Water Authority’s 
total revenues had come from con-
nection fees. By 2006, before the real 
estate collapse, those measures annu-
ally generated $188.5 million in rev-
enues. By 2010, those annual reve-
nues had plummeted to $3.2 million 
and have rebounded only modestly 
to $11.1 million as of 2012 (SNWA, 
2012). This creates a difficult envi-
ronment in which to pursue conser-
vation programs. 

In addition to marginal-cost pric-
ing, many economists believe that 
water rates should reflect the embed-
ded value of the water system infra-
structure. In addition to revenues that 
cover operating costs, many utili-
ties—in sectors other than water—
charge customers a rate reflecting the 
so-called “rate base”—the net value 
of the asset, which is a measure of 
either its initial cost, market value, or 
replacement cost minus any accrued 
depreciation (Phillips, 1993). It is 
easier to envision the application of 
this principle when focusing on a pri-
vate enterprise in which investors 
expect a rate of return that reflects 
the magnitude of their investments 
and value of the assets tied up in the 
enterprise; in a public water system, 
the issue is more complex. But the 
overriding principle is that water sys-
tems are assets that in some cases are 
worth billions; to charge customers a 
rate that only reflects operating costs 
fails to capture the opportunity costs 
associated with tying up so much 
valuable capital. Again, the differ-
ences between economic analysis and 
financial analysis largely explain the 
tradition of largely ignoring the value 
of the water system assets in estab-
lishing pricing regimes.

Ultimately, any approach such as 
marginal-cost rate setting, which 

results in higher water rates for end-
users, promotes conservation—even 
though water consumption is typi-
cally price inelastic (i.e., an X% 
increase in price results in something 
less than an X% reduction in con-
sumption) (Brookshire et al, 2002). 
However, there is little reason for 
water utilities to support such 
changes because it would require 
politically unpopular rate increases, 
and under cost-of-service pricing, 
any “excess revenue” would need to 
be returned to the customer. If it is 
returned in the form of rate reduc-
tions, it simply brings the rate struc-
ture back to average-cost pricing. 
Revenue surpluses could potentially 
be refunded in other ways (e.g., 
through reduced property taxes, 
allowing money to accrue in an 
operation and maintenance or sys-
tem expansion account). These 
approaches ensure that the customer 
gets something for the increased eco-
nomic efficiency. But, again, it offers 
little to the utility. Neither solution 
imposes a reason for the utility to 
discourage high consumption among 
end-users (in fact, high consumption 
might be encouraged if surplus rev-
enues fed an operation and mainte-
nance and expansion account); simi-
larly, neither approach provides the 
utility with an incentive to encourage 
reduced end-user consumption.

In summary, although increasing 
block rate structures has proven 
effective in providing customers a 
signal and an incentive for support-
ing water conservation, and although 
this has been done to date in a way 
that has not imposed fiscal burdens 
on water utilities, achieving further 
conservation gains may require 
addressing a utility’s fiscal disincen-
tives to conservation (Beecher, 2010; 
Chesnutt & Beecher, 1998). Specifi-
cally, the challenge is to identify 
models that provide customers (end-
users) and water utilities with fiscal 
incentives for water conservation. 

The institutional environment of 
utilities. Any attempt to devise new 
approaches that provide conserva-
tion incentives to both end-users and 

utilities must acknowledge that we 
do not have the luxury of a blank 
slate on which to innovate. Between 
the rate structures that guide end-
user behavior and the revenue mod-
els that shape how utilities can and 
must behave to fund their operations 
are a host of institutional arrange-
ments designed especially to meet the 
needs of “public utilities”—i.e., 
those enterprises focused on provid-
ing public needs for energy, water, 
public transportation, telecommuni-
cations, and other shared services. A 
common characteristic of such 
undertakings is that service is most 
efficiently provided by firms acting 
as monopolies because this avoids 
wasteful expenditures on repetitive 
infrastructure. From a structural 
standpoint, the variety in public 
utilities is best captured by three 
closely related key distinctions: (1) 
how they are structured, (2) how 
they are regulated, and (3) how 
much revenue they are allowed to 
collect and keep (Phillips, 1993). 
These elements are briefly described 
in the following paragraphs, in part 
to illustrate that US water utilities 
are not only different from most 
other public utilities, but also that 
they are different from water utilities 
in most other developed countries. 

Utilities typically take two possible 
structures: private investor-owned 
utilities (IOUs) subject to govern-
mental regulation through various 
public utility commissions (PUCs) or 
entities established by government to 
provide these services. In most indus-
trialized countries, the tradition is 
for government to establish entities 
to provide public services, with 
privatized water service being a com-
mon exception. The opposite pattern 
exists in the United States—here, 
IOUs dominate the landscape in 
fields such as energy and telecom-
munications—whereas the water sec-
tor is almost entirely reliant on gov-
ernment-established utilities. This is 
particularly true for large M&I 
water systems. These US water utili-
ties have a variety of structures, with 
most falling on a continuum from an 
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agency of local government to an 
independent agency. 

In most states, the jurisdiction of 
the PUCs is limited to the IOUs, which 
effectively excludes water utilities 
from their oversight. Instead, water 
utilities that are agencies of local gov-
ernment are typically overseen by city 
councils (with capital needs often 
financed by general obligation bonds), 
whereas in  dependent agencies are 
overseen by elected or appointed com-
missions (with capital needs often 
financed by revenue bonds). Perhaps 
because of this relationship, most of 
the leading theories and practices re -
garding the regulation of public utili-
ties are not seen in the water sector. As 
Phillips (1993) observed two decades 
ago: “[C]ompared with other utility 
industries, the water industry has been 
neglected.” And it still is.

As noted, a typical US water utility 
operates under a cost-of-service 
framework, also known as a revenue-
requirement or a cost-recovery 
model, that limits it to keeping only 
those revenues sufficient to cover its 
cost of service. Although this is done 
to shelter citizens from price-goug-
ing, it essentially means that agencies 
have no compelling economic incen-
tives, so decisions are based on other 
criteria. Because agencies do not get 
to accrue profits, they have no eco-
nomic incentive to maximize revenue 
through rate increases or to limit 
costs by pursuing the most cost-effec-
tive strategies to meet demand. But in 
many cases that is exactly what con-
servation requires—raising end-user 
water rates and meeting demands 
through avoided consumption. 

A much more politically preferable 
outcome for the agency is to keep 
rates low (as long as revenues can 
cover costs). Low rates, however, 
encourage premature growth in 
demands, accelerating the pursuit of 
new and often expensive projects. 
Unless these new costs are com-
pletely offset by tap fees, system 
expansions ultimately translate to 
rate increases—although they are 
softened by using average-cost pric-
ing—but this lags rather than pro-

ceeds the decision to expand, forgo-
ing the opportunity for price signals 
to inform any public consideration 
of the merits of expansion. Addition-
ally, such an expansion may occur in 
a crisis mode in which the new proj-
ect can be defended as essential and 
the public can equate the higher 
rates with a tangible asset—the 
newly constructed project—making 
the politics manageable. The cost-of-
service mentality ensures that rate 
increases to deal with emerging (and 
perhaps self-created) scarcity prob-
lems are seen as reasonable and 
politically viable; rate increases 
designed to avoid future scarcity 
problems are not. In this way, a pol-
icy intended to limit customer costs 
actually discourages conservation 
and encourages construction of new 
(and inherently more expensive) 
sources of water that the public must 
ultimately pay for—and ensures that 
the pattern will repeat.

Alternative models. That utilities 
often face a financial disincentive to 
conservation is not a new observa-
tion, nor is the realization that pur-
suing aggressive conservation-ori-
ented rate reforms for end-users can 
be politically sensitive. These are 
longstanding and well-understood 
problems in other utilities, espe-
cially in the energy sector. A variety 
of strategies can be used to deal 
with existing conservation disincen-
tives (Malecek, 1992). At one 
extreme is the traditional command-
and-control regulation—i.e., a man-
date from an oversight body requir-
ing the uti l i ty to implement 
conservation programs. This 
approach does not remove the dis-
incentive per se, but simply removes 
the ability of the utility to let the 
disincentive dictate behavior. This 
approach is likely to gain much 
higher utility support if it is tied to 
a commitment from the oversight 
body to “reimburse” the utility for 
any resulting lost revenues. This can 
be done by ensuring prompt consid-
eration and approval of rate 
increases (as revenues fall) or by 
developing net lost-revenue adjust-

ment mechanisms to steer other 
sources of public funds to the utility 
facing the shortfall (Baxter, 1995). 

A different approach is to sever 
completely the responsibilities for 
conservation from the utility with 
the responsibility for providing ser-
vice. One example of this model is 
the Energy Trust of Oregon, an 
independent nonprofit organization 
established in 2002 to offer services 
and cash incentives to customers to 
pursue energy conservation (http://
energytrust.org). A small portion 
(3%) of electricity and natural gas 
bills finance efforts that the trust 
estimates have saved customers 
more than $1 billion on energy bills 
and, more important, have elimi-
nated the need for $1.57 billion in 
expansion investments by the utili-
ties—costs that would have been 
passed on to ratepayers. The trust 
estimates that electricity conserva-
tion is usually one fourth the cost of 
system expansion.

Decoupling. Approaches that re -
move the financial pain that utilities 
associate with conservation, although 
a major step forward, still do not nec-
essarily provide incentives for conser-
vation. One approach for a utility is 
known as decoupling (Erickson & 
Leventis, 2011; Hirst et al, 1994; 
Cross, 1993), a term used to describe 
mechanisms that sever the link 
between utility revenues and the 
amount of a good sold. Instead, util-
ity revenues are “recoupled” to some 
other value, such as the number of 
customers served and/or the reliabil-
ity or quality of that service. In most 
cases, customers are still assessed 
charges (at rates established by regu-
lators) based on quantities con-
sumed—thereby preserving the con-
servation incentive for end-users—but 
the allowed revenue the utility is 
awarded is based on the newly estab-
lished criteria. The allowed revenue is 
a determination made by the over-
sight body based on a consideration 
of various factors, undoubtedly 
including some consideration of the 
utility’s fixed costs and revenues, 
often calibrated to metrics such as the 
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Consumer Price Index or other vari-
able costs (e.g., fuel costs, weather). 

Decoupling can take various forms 
(Hirst et al, 1994). The most basic 
form is revenue-per-customer decou-
pling, in which allowed revenues are 
the product of the number of cus-
tomers served multiplied by a fixed 
value ($X/customer). As an illustra-
tion, consider a community in which 
customers have historically on aver-
age paid about $1,000/connection 
for annual water service that the util-
ity can provide at $1,000/connec-
tion. The system is at equilibrium, 
just as the cost-of-service model dic-
tates. Now consider a newly estab-
lished decoupling program in which 
the utility has an annual budget of 
$975/connection to provide reliable 
water service in the service area. This 
money will be paid from an account 
managed by the regulator and fed by 
customer water bill payments. Given 
this situation, the utility realizes that 
the status quo will result in a net loss 
(of $25/connection) and further that 
a growth in customer demands will 
magnify losses as the cost of provid-
ing service will increase further, 
whereas the revenue retained by the 
utility will not. 

For the utility, the throughput 
incentive is broken because more 
sales equal greater losses, not greater 
revenues. The better management 
strategy in this situation is to aggres-
sively pursue conservation programs 
that result in less demand (and thus 
a reduced cost to serve each cus-
tomer, say $950/connection), which 
when matched to the guaranteed 
return of $975/connection, nets a 
profit to the utility (of $25/connec-
tion). In short, any efficiencies the 
utility can implement that lower the 
costs of providing service generate 
additional utility profit; likewise, 
failure to control costs or to avoid 
growth in customer consumption 
will reduce profits and could trigger 
losses. Rates and allowed revenues 
are periodically adjusted to keep the 
arrangement financially solvent, but 
always with the intent of rewarding 
the most cost-effective means of pro-

viding service, which in most cases 
is conservation. 

During the past three decades, the 
majority of experimentation with 
alternative utility business models 
focused on the electricity and natural 
gas sectors; the water sector has been 
largely absent. In part, this is due to 
the presence of active PUCs in the 
energy sector, which in turn, is 
largely reflective of the prevalence of 
IOUs (Totten et al, 2010). Some 
models, such as decoupling, rely on 

the profit motive of the regulated 
industry. Decoupling does not seek 
to remove profits but rather to 
change the way utilities earn those 
profits; in a decoupled system, prof-
its do not arise from increasing sales 
but by strategies that help customers 
conserve or that provide services at 
lower per-unit costs. 

As noted previously, very few US 
water utilities are IOUs, which has 
discouraged experimentation with 
water utility decoupling. One excep-
tion is California, where approxi-
mately 20% of its residents are 
served by IOUs, and, since 2008, 
several have been subject to decou-
pling programs administered by the 
California PUC (Erikson & Leventis, 
2011). A water revenue adjustment 
mechanism keeps track of each util-
ity’s actual revenues and allowed 
revenues; similarly, a modified cost-
balancing account tracks actual and 
adopted costs. Any accrued balances 
are periodically amortized into 

future rates, with overcollections 
refunded to customers and undercol-
lections leading to surcharges.

The experience with decoupling in 
California is too brief to support 
many conclusions (Beecher, 2010), 
although Ernst & Young (2013) sug-
gest the effort, although “not per-
fect,” is nonetheless a “success and 
thus can provide a case study for 
other regions.” Consumption levels 
have dropped as intended, but 
municipal water demand has been 

dropping for many years, a trend 
accelerated by the recent economic 
downturn. This trend highlights the 
complex relationship between reve-
nue models and the risks assumed by 
utilities and customers. Before 
decoupling, these below-expected 
demand levels would have resulted 
in a sharp revenue decline for the 
utility and an immediate savings (i.e., 
lower bills) for customers—at least 
until rates were adjusted. Similarly, 
before decoupling, when external 
forces would have promoted higher-
than-expected consumption, utilities 
would have expected a revenue 
increase, and customers would have 
seen higher bills initially, perhaps 
dropping over time. Without decou-
pling, these fluctuations, for both 
utilities and customers, presumably 
balance out, but the year-to-year 
fluctuations can be significant. With 
decoupling, these swings in utility 
revenues and customer bills are mod-
erated because the decoupling 

Decoupling does not seek to remove profits,  
but rather to change the way utilities earn those 
profits; in a decoupled system, profits do not 
arise from increasing sales but by strategies 
that help customers conserve or that provide 
services at lower per-unit costs.
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arrangement ensures stable utility 
revenues, and for customers amortiz-
ing utility revenue imbalances into 
bills as credits and surcharges over 
long periods can potentially moder-
ate short-term fluctuations associ-
ated with rapid pricing changes.

SUMMARY AND CONCLUSION
Expanded water development and 

consumption have facilitated eco-
nomic development in many regions, 
including the western United States. 
However, in areas where supplies are 
no longer abundant, a continued 
expansion in water consumption can 
entail unacceptable economic and 
environmental costs and can under-
mine service reliability—especially 
under climatic regimes threatening 
reduced streamflows. In such situa-
tions, reducing water consumption 
is the management approach prom-
ising the greatest societal benefits. 
This is a fundamental shift in the 
industry and suggests that the be -
havioral incentives that guide utility 
decision-making may require re-
examination—especially of those 
elements most directly tied to the 
previous era of abundance and 
expansion. Incentives for continued 
expansion of water consumption are 
an obvious concern, as are the disin-
centives for conservation. 

At first glance, the two issues high-
lighted in this article—the ways in 
which long-term conservation can 
negatively affect both service reli-
ability and revenue stability—seem 
to be different, but they are actually 
closely linked. From the water utili-
ties’ standpoint, maintaining high 
levels of inefficient and interruptible 
consumption (primarily landscape 
watering) does an admirable job of 
achieving present-day service reli-
ability and revenue stability—the 
primary goals of most utilities. But 
what is good for any given utility is 
often not good for the entire indus-
try, because high consumption levels 
breed conflict and escalating costs. 
Although society certainly shares the 
utility’s goals of service reliability 
and revenue stability, a full articula-

tion of societal objectives would also 
prominently feature cost-effective-
ness, environmental protection, con-
flict avoidance, and social equity 
over the long term; in other words, 
sustainability. Going forward, it is 
difficult to imagine that this full suite 
of objectives can be achieved by a 
management model that systemati-
cally provides more incentives for 
consumption than for conservation. 
But changing behavioral incentives is 
a formidable challenge.

Two overarching problems are par-
ticularly salient. First is the observa-
tion that from the standpoint of some 
utilities, the most proven way to 
“reserve” water for future needs is to 
promote and maintain current con-
sumption in inefficient and interrupt-
ible uses. Not tapping a water supply 
today no longer means it will be there 
for use tomorrow; rather, it means 
someone else will take it. Even water 
stored in your own reservoir may not 
really be reserved for you because it 
may get redirected to a new use or 
user. This, in a nutshell, is the de -
mand-hardening argument. Second, 
the traditional approach for utilities 
to meet existing financial commit-
ments is to promote full utilization of 
existing supplies. Water projects are 
normally financed by bonds, and the 
revenue to pay those bonds typically 
comes from selling water. This is the 
throughput incentive. Combined, 
these two realities encourage projects 
to come online and be used at full 
capacity much earlier than would 
otherwise occur, which in turn, accel-
erates the race for future develop-
ment and consumption. 

Given these observations, it is fair 
to conclude that protecting service 
reliability by perpetuating high levels 
of nonessential or inefficient water 
uses that can be curtailed during 
shortages is clearly inefficient and 
nonoptimal. However, it is a still com-
mon strategy that is a logical and pre-
dictable outcome of the incentive 
structure within which many utility 
decisions are made. To the extent that 
different outcomes are sought, then 
different incentives will be necessary. 

For that to happen, oversight bod-
ies—more so than the water utilities 
themselves—will need to show more 
leadership. This has been seen in the 
energy sector, primarily driven by the 
presence of PUCs. Given the lack of 
profit-driven (i.e., IOU) water agen-
cies, PUCs are largely absent from the 
decision space. It is ironic that PUCs 
are presumed unnecessary in the 
water sector given the cost-of-service 
model, which is intended to shelter 
citizens from price-gouging but 
instead ensures that decisions are 
made by utilities that lack economic 
incentives. Because public water agen-
cies do not get to keep accrued “prof-
its” or suffer “losses,” they have no 
economic incentive to maximize rev-
enue through rate increases or to limit 
costs by pursuing the most cost-effec-
tive strategies to meet demand. But 
those are core tools for achieving big 
conservation gains and are an essen-
tial part of the formula for increasing 
long-term societal benefits.

ACKNOWLEDGMENT
The author thanks the Western 

Water Assessment (WWA; a unit of 
the Cooperative Institute for Re -
search in Environmental Sciences, 
University of Colorado) and the net-
work of colleagues and advisors 
associated with WWA for their sup-
port in this project. The views and 
opinions expressed are those of the 
author and not the WWA.

ABOUT THE AUTHOR
Douglas S. Kenney 
is director of the 
Western Water 
Policy Program, 
Getches-Wilkinson 
Center for Natural 
Resources, Energy, 

and the Environment, University of 
Colorado, UCB 401, Boulder, CO 
80309 USA; douglas.kenney@
colorado.edu. He has written 
extensively on several water-related 
issues, including law and policy 
reforms, river basin and watershed-
level planning, climate change 
adaptation, and water resource 

2014 © American Water Works Association



46      JANUARY 2014 |  JOURNAL AWWA •  106 :1   |   KENNEY

economics. Kenney is affiliated with 
the University of Colorado’s 
Western Water Assessment, a 
National Oceanic and Atmospheric 
Administration-funded project 
exploring the link between climate 
change/variability and western US 
water management, and is a member 
of the University  of Colorado’s 
environmental studies faculty. He 
has served as a consultant to local, 
state, multistate, and federal 
agencies; special commissions; and 
national governments and 
nongovernmental organizations. He 
earned his MS degree in natural 
resources policy and administration 
from the University of Michigan, 
Ann Arbor, and his PhD from the 
University of Arizona, Tucson. 

 http://dx.doi.org/10.5942/jawwa.2014.106.0008

REFERENCES
Baxter, L., 1995. Understanding Net Lost 

Revenue Adjustment Mechanisms and 
Their Effects on Utility Finances. Utilities 
Policy, 5:3-4:175.

Beecher, J.A., 2010. The Conservation 
Conundrum: How Declining Demand 
Affects Water Utilities. Journal AWWA, 
102:2:78.

Brookshire, D.S.; Burness, H.S.; Chermak, 
J.M.; & Krause, K., 2002. Western Urban 
Water Demand. Natural Resources 
Journal, 2:4:873.

Chesnutt, T.W. & Beecher, J.A., 1998. 
Conservation Rates in the Real World. 
Journal AWWA, 90:2:60.

Chesnutt, T.W.; Christianson, J.; Bamezai, A.; 
McSpadden, C.N.; & Hanemann, M., 
1996. Revenue Instability and 
Conservation Rate Structures. AWWARF, 
Denver.

Chesnutt, T.W.; Beecher, J.A.; Mann, P.C.; 
Clark, D.M.; Hanemann, W.M.; Raftelis, 
G.A.; McSpadden, C.S.; Pekelney, D.M.; 
Christianson, J.; & Krop, R., 1997. 
Designing, Evaluating, and Implementing 
Conservation Rate Structures. California 
Urban Water Conservation Council. 
Sacramento.  

Cody, K.C., 2011. Climate Change, Growth, and 
Regional Integration: Lessons for 
Colorado’s Front Range Municipal and 
Industrial Water Providers. Master’s 
thesis, Environmental Studies Program. 
University of Colorado, Boulder. 

Cross, P., 1993. Decoupling Mechanisms—
Paying for Conservation? Public Utilities 
Fortnightly, 131:14:40.

DeOreo, W.B., 2006. The Role of Water 
Conservation in a Long-Range Drought 
Plan. Journal AWWA, 98:2:94.

Erickson, J. & Leventis, G.L., 2011. Conserving 
Regulated Water: Revenue Decoupling, 
Incentives, and Equity. Policy Matters 
Journal. www.policymattersjournal.org/
erickson-leventin.html (accessed Nov. 4, 
2013).

Ernst & Young, 2013. The US Water Sector on 
the Verge of Transformation. Global 
Cleantech Center white paper. www.ey.
com/Publication/vwLUAssets/
Cleantech_Water_Whitepaper/$FILE/
Cleantech-Water-Whitepaper.pdf 
(accessed Nov. 4, 2013).

Flory, J.E. & Panella, T., 1994. Long-Term 
Water Conservation and Shortage 
Management Practices: Planning That 
Includes Demand Hardening. Prepared 
for California Urban Water Agencies by 
Tabors Caramanis and Associates. www.
cuwa.org/pubs/
LongTermWaterConversation.pdf 
(accessed Nov. 4, 2013).

Hirst, E.; Blank, E.; & Moskowitz, D., 1994. 
Alternative Ways to Decouple Electric 
Utility Revenues From Sales. The 
Electricity Journal, 7:6:38.

Howe, C. & Goemans, C., 2007. The Simple 
Analytics of Demand Hardening. 
Manager to Manager. Journal AWWA, 
99:10:24.

Kenney, D.; Klein, R.; & Clark, M., 2004. Use 
and Effectiveness of Municipal Water 
Restrictions During Drought in Colorado. 
Journal of the American Water 
Resources Association, 40:1:77.

Kenney, D.S.; Goemans, C.; Klein, R.; Lowrey, 
J.; & Reidy, K.; 2008. Residential Water 
Demand Management: Lessons From 
Aurora, Colorado. Journal of the 
American Water Resources Association, 
44:1:192.

Kenney, D. & Klein, B., 2009. The Land Use 
Planning, Water Resources and Climate 
Change Adaptation Connection: A 
Review. Western Water Assessment 
white paper. http://sciencepolicy.
colorado.edu/admin/publication_files/
resource-2729-2009.15.pdf (accessed 
Nov. 4, 2013).

Kenney, D.S. & Wilkinson, R. (editors), 2011. 
The Water–Energy Nexus in the Western 
United States. Edward Elgar Publishing, 
Cheltenham, UK.

Kenney, D.S.; Mazzone, M.; & Bedingfield, J., 
2011. Relative Costs of New Water 
Supply Options for Front Range Cities: 
Phase 2 Report. Report to the Colorado 

Water Conservation Board.  
www.waterpolicy.info/docs/
KenneyetalPhase2RelativeCostsofWater.
pdf (accessed Nov. 4, 2013).

Leurig, S., 2010. The Ripple Effect: Water Risk 
in the Municipal Bond Market. Ceres, 
Boston, Mass.

Malecek, M., 1992. Money for Nothing: 
Restructuring Rates to Encourage 
Conservation. Virginia Environmental 
Law Journal, 11:589.

National Research Council, 1992. Water 
Transfers in the West: Efficiency, Equity, 
and the Environment. National Academy 
Press, Washington, D.C. 

Olmstead, S.W.; Hanemann, M.; & Stavins, 
R.N., 2003. Does Price Structure Matter? 
Household Water Demand Under 
Increasing-Block and Uniform Prices. 
NBER Research Paper, Cambridge, 
Mass.

Phillips Jr., C.F., 1993. The Regulation of Public 
Utilities. Public Utilities Reports Inc., 
Arlington, Va.

SNWA (Southern Nevada Water Authority), 
2012. Operating and Capital Budget: 
Fiscal Year Ending June 30, 2013. http://
silverstateenergy.org/csd/snwabudget.
pdf (accessed Nov. 4, 2013).

Spivy-Webber, F., 2011. Water–Energy 
Integration in California. The Water–
Energy Nexus in the Western United 
States (D.S. Kenney and R. Wilkinson, 
editors). Edward Elgar Publishing, 
Cheltenham, UK.

Totten, M.P.; Killeen, T.J.; & Farrell, T.A., 2010. 
Non-Dam Alternatives for Delivering 
Water Services at Least Cost and Risk. 
Water Alternatives, 3:2:207.

Vickers, A.. 2010. Handbook of Water Use and 
Conservation. WaterPlow Press, 
Amherst, Mass. 

Western Resource Advocates, 2003. SMART 
Water: A Comparative Study of Urban 
Water Use Efficiency Across the 
Southwest. Boulder, Colo. www.
westernresourceadvocates.org/media/
pdf/SWForewordAcknowledgements.pdf 
(accessed Nov. 4, 2013).

JOURNAL AWWA welcomes 
comments and feedback 
at journal@awwa.org.

2014 © American Water Works Association


