
The value of water and the cost of
water measure two different types of
monetary worth. The value of water

depends on how it is used and who is using it,
while the cost of water depends on the type of
water source and the available technologies
that produce and distribute water of a given
quality. This article discusses the different
values and costs of water and how they can be
used to make water supply investment deci-
sions.

Historically, water utilities have been
successful in providing safe, reliable water
whenever and wherever it was wanted. Water
utilities did not need to be concerned about
the value of water because the cost of water
was relatively inexpensive. In the recent past
and currently, however, water utility man-
agers realize they must become proactive in
decision making regarding water resources
management, water allocation, and econom-
ic development. They want to understand the
concepts and values of water and how this
information can be used in decision making.

Some of the trends that have caused this
shift in thinking are:
S To meet the increased demand for

improved drinking water quality and relia-
bility, the cost of providing water will
increase.

S Dividing the available freshwater sources
among competing uses has become more
difficult as the population grows and as
freshwater is reserved for the environment.

S The rising importance of political-eco-
nomic interactions when making water-
source development decisions has compli-
cated the job of providing safe, reliable
water supplies. These interactions result
from third-party concerns such as environ-
mental risk or degradation, competition
for limited water from the same source,
competition for limited funding, and
opportunity cost of land.

S In some areas, increasing human impacts
on land and water resources have limited
the number of new raw-water sources that
can be used to meet human needs, or have
reduced the quantity and/or quality of raw
water available from historic sources.

S In some regions of the United States, subsi-
dizing water supplies and/or economically
inefficient water pricing policies for all
types of human uses has led to heavy
reliance on water as a factor of production
in households, agriculture and industries.1

SWater utility decision making is con-
strained by various regulations that govern
water supply development, water quality,
ratemaking, and water allocation.

As a result, in some areas economic
development is becoming constrained by the
availability of reliable freshwater supplies or
by contaminated freshwater sources. In other
areas, water utilities are realizing that the
ability to acquire additional freshwater sup-
plies for a growing population is becoming
more of a challenge and that the failure to
provide adequate water supplies may hinder
future economic growth.

Water utilities are realizing that they play
an important role in economic development
in terms of attracting and retaining business-
es and providing essential services to com-
munities. They also understand that their
customers, who demand a safe, reliable water
supply, also expect sound environmental pro-
tection and sound economic development.

Value of Water 
Utility policy makers and utility man-

agers across the United States are becoming
more involved in debates and decisions
regarding the “best” water uses and the “best”
water allocation methods. Water utility man-
agement in the 21st century will evolve to
encompass water allocation decisions and
identification of opportunities to optimize
water resource development and water use.

“Optimal” is defined as a decision that
maximizes the present value of net benefits of
water use. Water use includes consumptive,
environmental, recreational, and aesthetic
uses. Net benefit is the benefit of water use
minus the cost of water use. Benefit is meas-
ured in monetary terms as the beneficiaries’
maximum willingness-to-pay for the water.
This is the value of the water to those who
will benefit from or use the water.
Willingness-to-pay varies by type of water
user and type of use.

Willingness-to-pay is an economics term
that means the maximum amount of money
a person is willing to pay for a good or serv-
ice of a particular quality. The value of water
to individual users can be defined in at least
two ways: marginal willingness-to-pay and
total willingness-to-pay.

Marginal willingness-to-pay reflects the
marginal value of water in a use by a user and
is the maximum amount of money that the
user is willing to pay for a tiny bit more water

in that use. The total value of water in a use
by a user is the maximum total amount of
money the user would pay for the total block
of water purchased for that use. The total
value of water in all uses is the sum of the
total value of water to all users and uses.

The willingness-to-pay for water can be
inferred from estimated water demand equa-
tions. A water demand equation represents
the amount of water that will be purchased
(or produced, in the case of self-supplied
water users) by a water-using entity during a
certain period of time—typically a year—
given water price or cost, weather, and factors
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specific to a customer type that determine
water use. Water-using entities can be single-
family households, multi-family households,
commercial businesses, and industries such
as agriculture and mining.

The factors that influence water use may
include the size of an irrigated area, the
amount of commercial or industrial produc-
tion, the number of employees, the water use
efficiency of technologies being used (toilets,
water cooling, production processing, cleaning,
irrigation, etc.), household income or compa-
ny profit, and the relative prices of other goods
and services purchased by the entity.

Economists statistically estimate these
water-demand equations in one of two ways:
(1) using passively2 generated data on water
use and the associated values of the factors
that determine use and/or (2) using the
results of contingent valuation surveys.
Separate demand equations are estimated for
single-family residential customers, multi-
family residential customers, and commer-
cial/industrial/institutional customers pro-
viding or producing a specific good or serv-
ice. The aggregate demand equation is the
sum of the demand equations of the individ-
ual customers.

Properly estimated water-demand equa-
tions can be used to infer the value of water
to water users.3 A demand equation is graph-
ically represented as a downward sloping
curve with water price on the vertical axis
and quantity demanded per year on the hor-
izontal axis.

Such a representation is provided as

Curve D in Figure 1. For the purposes of dis-
cussion, assume that this demand equation
represents the water demand of an average
single-family household customer of a water
utility under average weather conditions.

The current variable price of water
(price per 1,000 gallons purchased) is repre-
sented on the graph as Po. The total amount
of water purchased by the household per year
when the price is Po is Qo, as indicated on the
graph. The area under the demand function
between zero water demand and Qo water
demand (area 0BAQo) is the total value of
water used by the household. Because the
value of potable water for drinking is very

high, the demand equation crosses the verti-
cal axis at a very high water price, so this area
can be a rather large value.

The area represented by 0PoAQo is the
annual water bill paid by the household that
is collected under the variable rate (does not
include the fixed-rate payment). The remain-
ing area under the demand equation (PoBA)
is called “consumer surplus” and is the value
that the customer receives from water use
that he or she gets to “keep” (minus the fixed
charge on the water bill, which is typically
very low relative to water value). This is the
“net benefit” of water use to the customer.

When a household purchases a specific
amount of water, we know that the household
values that amount of water at least as high as
the amount it actually paid for the water.
Usually, the value is higher than the amount
that was paid. Thus, at a given level of water use
at a given price, we know that the net benefit of
water at that use level is greater than zero.

Examples of marginal water values are
provided in the AWWA Research Foundation
Report titled, “Value of Water: Concepts,
Estimates and Applications for Water
Managers.”4 For residential customers of
municipal systems, marginal water values esti-
mated in various regions of the United States
range from $4.30 per 1,000 gallons to $7.60 per
1,000 gallons. For commercial, institutional,
and industrial customers, marginal water val-
ues range from $0.09 per 1,000 gallons to $2.47
per 1,000 gallons. For agricultural water users,
marginal water values range from $0.08 to
$2.59 per 1,000 gallons. For in-stream recre-
ational uses, marginal water values range from
$0.03 to $2.36 per 1,000 gallons.

The authors of this study advise that the
values were estimated at specific locations for
specific uses in specific time periods and may

Figure 1: Graphical Representation of a Water Demand Equation for a Single-Family
Household – Value of Water Equals Consumer Surplus Plus Water Bill.
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not be directly transferable to
other situations; however, this
example demonstrates that
water values can be successfully
estimated.

A water project may have
benefits in addition to supply-
ing potable water. Some projects
may reduce the use of existing
water projects that have detri-
mental environmental effects,
while others may provide addi-
tional water for aquifer
recharge. The value of these
benefits can be estimated and
included in a benefit-cost analy-
sis of water supply alternatives.

Use of Water Values
in Decision Making
A water utility manager

contemplating the affordability
of additional water supply to
meet increasing water demands,
after estimating a marginal
water value of $5 per 1,000 gal-
lons, would know that he or she
could develop additional water
supplies as long as the cost did not exceed $5
per 1,000 gallons. Since the marginal value of
water falls as the amount of water use
increases, there is a limit to how much addi-
tional water the utility should provide before
the marginal cost exceeds the marginal value.
A water demand study would address this
issue.

Water values associated with the direct
water users can be used to determine whether
water customers are willing to pay the cost of
reducing or eliminating water shortages.
Using the estimated water demand equation
for single-family households in southwest
Florida, the average annual household will-
ingness-to-pay to eliminate alternative water
shortage scenarios is provided in Table 1.5

The willingness-to-pay values presented
here are for illustrative purposes, where gen-
eral assumptions were made regarding cus-
tomer characteristics and water use.
Individual utilities would want to start the
model from the beginning with utility-specif-
ic water use and customer information to
generate utility-specific willingness-to-pay
values.

The average household would be willing
to pay as much as $4.32 per year to avoid a
10-percent water shortage once every 10
years. This value increases as the frequency
and/or extent of the water shortage increases.
The value per household increases to $29.59
per year to avoid a 15-percent water shortage
every four out of 10 years and $43.25 per year
to avoid a 10-percent water shortage every

year. To avoid a 30-percent water shortage
every year, the average household would be
willing to pay as much as $260 per year.

These values translate into the breakeven
cost of eliminating water shortages as pre-
sented in Table 2.

Breakeven Cost means the benefits of
additional water supply are equal to the costs
of additional supply where the cost is per
1,000 gallons of additional water produced
when the project is producing water. The
breakeven cost represents 100 percent of the
capital and O&M costs in 2005 dollars.
Breakeven cost also represents the user value
per 1,000 gallons to move from a water short-
age scenario to no shortage.

Each cell in the table represents the
breakeven cost of the water project that elim-
inates the water shortage, given the magni-
tude of the shortage and the probability that
the water shortage will occur. For example, to
avoid a 10-percent water shortage once every
10 years, a water supply project that costs less
than $0.63 per 1,000 gallons in 2005 dollars
and eliminates the water shortage would be
economically feasible and worthy of consid-
eration. This breakeven cost does not include
all other costs associated with delivering
water to customers; it just represents the cost
of the new project.

As the probability of a given water short-
age increases, the breakeven project cost
increases because customers are willing to
pay more to eliminate more frequent short-
ages. For example, the breakeven cost increas-

es to $4.52 per 1,000 gallons when the fre-
quency of the 10-percent shortage occurs
every year.

As the size of the water shortage increas-
es, the breakeven project cost also increases.
For example, the breakeven cost is $0.89 per
1,000 gallons if the magnitude of the water
shortage increases to 20 percent shortage
every ten years. If the 20-percent water short-
age were to occur every year, then the
breakeven cost is $6.36 per 1,000 gallons.

The breakeven cost of 40-percent and
50-percent water shortages that occur once
every 100 years is relatively low ($0.35 to
$0.78 per 1,000 gallons) until the magnitude
of the water shortage increases to 60 percent.
In this case, the breakeven cost increases to
$2.08 per 1,000 gallons.

The circumstances of such a severe
shortage under current conditions may not
exist, so planning for such an event may not
be necessary; however, while a utility may not
choose to build a water supply project just to
use once every 100 years, this value should be
considered when determining the future
“optimal” mix of water supply and water
conservation projects that have as a benefit
the elimination of severe yet infrequent
shortages.

The breakeven costs of each water short-
age scenario presented in Table 2 are not addi-
tive unless each water project can eliminate
only one water shortage scenario without
changing the probability of the other potential
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shortage scenarios. In practice, water projects
change the probabilities of all or most of the
potential water-shortage magnitudes.

For example, a project that eliminates a
15-percent shortage every five years will likely
also eliminate a 10-percent shortage every five
and 10 years. To estimate the breakeven cost of
multiple water shortage scenarios, the model
must be rerun considering the initial probabil-
ity distribution of water shortages without the
project and the resulting probability distribu-
tion of water shortages with the project.

Cost of Water & Its Use
in Decision Making

The cost of water includes the capital cost
to construct water supply projects or the upfront
cost associated with water conservation pro-
grams and the annual operations and mainte-
nance (O&M), or annual recurring costs.

A water project may have costs in addi-
tion to the direct costs of supplying potable
water. These costs are called external costs.
Examples of external costs include loss of
wetland functions, the drying of private
wells, soil subsidence, lost recreation oppor-
tunities, and lowered property values from
lowered lake levels.

The value of these costs can be estimated
and included in a benefit-cost analysis of water
supply alternatives. When all benefits and costs
of a water project are considered, recommenda-
tions regarding the types of new water sources
that should be developed may be different from
those chosen based on direct benefits and costs
to the utility and its water customers.

As an example, the average capital and
annual O&M (or recurring) costs associated

with new alternative source projects in south-
west Florida are provided in Table 3.
Alternative source water projects are those that
do not rely on already-stressed ground and
surface water sources in Southwest Florida.

Comparison of the new water project
costs in Table 3 to the value of water under
various water shortage scenarios in Table 2
shows that the benefits of water conservation
outweigh the costs of conservation for all but
one shortage scenario. That is, the breakeven
costs of Table 2 are greater than the estimat-
ed new project costs presented in Table 3,
except for the scenario of a 10-percent water
shortage once every 10 years.

In this scenario, public-supply water con-
servation programs cost about $0.67 per 1,000
gallons, while the water-use value per 1,000
gallons is $0.63. In this case, if the less-expen-
sive non-public supply or agricultural conser-
vation can free up water for other uses, then
this 10-percent water shortage scenario can be
eliminated through conservation programs.

It is likely that large water shortages can
not be prevented with additional water con-
servation only. A combination of water con-
servation programs and one or more water
supply projects would be needed.

To evaluate a combination of projects, the
utility begins with a table of the breakeven
costs of all existing potential water shortage
scenarios. The breakeven cost of each scenario
is compared to the new water project costs per
1,000 gallons at increasing levels of water
shortage frequency and extent until the new
project cost is greater then the breakeven cost.
Then the least cost combination of projects
that eliminate the largest economically feasible
water shortage scenario is chosen.6 To deter-

mine the resulting potential water
shortage scenarios by frequency
and extent, the water shortage
model is rerun considering the
new project combination.

Using Table 2 as an exam-
ple (which is not meant to be a
realistic table of potential water
shortage scenarios for a utility, but
a table of values associated with
different scenarios), the most
severe water shortage scenario
included in the table is a 30-per-
cent water shortage every year.
The value to households of elimi-
nating this shortage is $12.16 per
1,000 gallons (or $260 per year).

Fortunately, the highest
cost project that could eliminate
this water shortage is desalina-
tion at $4.55 per 1,000 gallons, so
it is economically feasible to
eliminate this water shortage. As
a result, other potential water
shortages would be eliminated as

well. The utility’s water shortage model
would be rerun with the 30-percent increase
in water supply provided by the least-cost
combination of water sources that cost less
than $12.16 per 1,000 gallons to determine
the potential water shortages that would still
exist after the new projects are implemented.

The last column of Table 2 and Table 3
demonstrate that households are willing to
pay a significant amount of money to avoid
any magnitude of water shortage that occurs
every year, such that most, if not all, of the
current technologies for producing water
would be economically feasible.

Summary & Conclusions
Today water utilities are realizing that

the ability to acquire additional freshwater
supplies for a growing population is becom-
ing more of a challenge and that the failure to
provide adequate water supplies may hinder
economic development and slow future eco-
nomic growth.

The challenges facing many water utili-
ties today stem from many external influ-
ences. These include the increased demand
for improved drinking water quality and reli-
ability, competition among available freshwa-
ter sources, public concerns about environ-
mental risk and degradation, increased
human impacts on water resources, ineffi-
cient water pricing policies, and regulations.

Water utilities are realizing that they
need to play a greater role in decisions
regarding economic development and
growth in terms of attracting and retaining
businesses and providing essential services to
communities. They also understand that
their customers, who demand a safe, reliable
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water supply, also expect sound environmen-
tal protection and sound economic develop-
ment. As a result, utilities want to understand
the concepts and values of water and how this
information can be used in decision making.

The value of water to water users is their
willingness-to-pay, or the maximum amount
of money a person is willing to pay for a good
or service of a particular quality. The value of
water to individual users can be defined in at
least two ways: marginal willingness-to-pay
and total willingness-to-pay.

The factors that influence household
willingness-to-pay may include the size of an
irrigated area, the water use efficiency of tech-
nologies being used and frequency of use (toi-
lets, appliances, irrigation, etc.), household
income, and the relative prices of other goods
and services purchased by the household.

The factors that influence commercial
and industrial willingness-to-pay may
include the amount of commercial or indus-
trial production, the number of employees,
the water use efficiency of technologies being
used (water cooling, production, processing,
cleaning, irrigation, etc), company profit, and
the relative prices of other goods and services
purchased by the company.

Properly estimated water demand equa-
tions can be used to infer the value of water to
water users. A demand equation is graphical-
ly represented as a downward sloping curve
with water price on the vertical axis and quan-
tity demanded per year on the horizontal axis.
In the case of household water use, the
demand equation crosses the vertical axis at a
very high water price because the value of
potable water for drinking is very high. The
value of water in the graphical representation
of the demand equation is the sum of the
water bill and consumer surplus. Consumer
surplus is the value that the customer receives
from water use that he or she gets to “keep.”

Examples of marginal water values are
provided in the AWWARF Report titled,
“Value of Water: Concepts, Estimates and
Applications for Water Managers.” For resi-
dential customers of municipal systems, mar-
ginal water values estimated in various
regions of the United States range from $4.30
per 1,000 gallons to $7.60 per 1,000 gallons.
For commercial, institutional and industrial
customers, marginal water values range from
$0.09 per 1,000 gallons to $2.47 per 1,000 gal-
lons. For agricultural water users, marginal
water values range from $0.08 to $2.59 per
1,000 gallons. For in-stream recreational
uses, marginal water values range from $0.03
to $2.36 per 1,000 gallons.

The authors of this study advise that the
values were estimated at specific locations for
specific uses in specific time periods and may
not be directly transferable to other situa-
tions, but this example demonstrates that

water values can be successfully estimated.
The direct cost of water includes the

capital cost to construct water supply projects
or the upfront cost associated with water
conservation programs and the annual oper-
ations and maintenance (O&M) or annual
recurring costs.

When external benefits are considered,
then the value of these benefits, such as
aquifer recharge, improved environmental
quality, etc., are included in the benefits of
water supply. When external costs are consid-
ered, then the values of lost benefits from
environmental degradation, lost recreation
opportunities, etc., are included in the cost of
water supply. The values of these benefits and
costs can be estimated and included in a ben-
efit-cost analysis of alternative water projects.

When all benefits and costs of a water
project are considered, recommendations
regarding the types of new water sources that
should be developed may be different from
those chosen based on direct benefits and
costs to the utility and its water customers.

A water utility manager contemplating
the affordability of additional water supply to
meet increasing water demands, after esti-
mating a marginal water value of $5 per 1,000
gallons, would know that he or she could
develop additional water supplies as long as
the cost did not exceed $5 per 1,000 gallons.
Since the marginal value of water falls as the
amount of water use increases, there is a limit
to how much additional water the utility
should provide before the marginal cost
exceeds the marginal value. A water demand
study would address this issue.

Water values associated with the direct
water users can be used to determine whether
water customers are willing to pay the cost of
reducing or eliminating water shortages.
Using the estimated water demand equation
for single-family households in southwest
Florida, the average annual household will-
ingness-to-pay to eliminate water shortage
scenarios was calculated and converted to the
breakeven cost of additional water supply per
1,000 gallons of water produced (or saved in
the case of conservation).

Breakeven cost means the benefits of
additional water supply are equal to the costs
of additional water supply where the cost is
per 1,000 gallons of additional water pro-
duced when the project is producing water.
The breakeven cost represents 100 percent of
the capital and O&M costs in 2005 dollars.
Breakeven cost also represents the user value
per 1,000 gallons to move from a water short-
age scenario to no shortage.

The breakeven costs of water shortage
scenarios that vary by frequency and extent
were compared to the average estimated costs
of water conservation and alternative water
supply projects contemplated in southwest

Florida. Alternative source water projects are
those that do not rely on already-stressed
groundwater and surface water sources in
southwest Florida. The analysis showed that
single-family households in southwest
Florida are willing to pay more than the cost
of most, if not all, types of alternative water
supply projects that eliminate potential
future water shortages.

This article described the values and
costs of water—particularly publicly supplied
water—and demonstrates that single-family
households place high values on reliable
water supplies. These values are higher than
the costs of most new water supply projects.
Such information is useful in decision mak-
ing by utilities as they face a variety of chal-
lenges in their mission to provide safe, reli-
able water supplies.

This article was presented as a technical
paper at the FSAWWA Fall Conference in
November 2006. SSSS
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