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Economic Values of Freshwater in the United States
Estimates of the value of freshwater in the United States were made in 1996 by Resources for
the Future.39 Their study compared the values for withdrawal uses (domestic use, irrigation,
industrial processing and thermoelectric power generation) and in-stream uses (hydro power,
recreation/fish and wildlife, navigation and waste disposal). Their study of nearly 500 water
value estimates for each of the uses throughout the United States concluded that: Nationally,
withdrawal water uses, especially industrial processing and domestic tend to have higher estimated values than
instream uses. However, recreation/fish &wildlife habitat and irrigation which together account for nearly 80%
of all the estimates, have the highest individual estimated water values. Water values tend to be higher in the
drier, more water scarce areas of the country.40
Results from the study for the average water values for major water uses by both instream and
withdrawal uses are shown below in Figure 35. This identifies industrial processing as the
highest value user followed by domestic uses, navigation and irrigation. It is noteable that
irrigation uses of water were identified as more valuable than the use of water for both hydro
electric and thermo electric power generation uses. Within these averages, however, that cover
all major regions of the United States, there are very large variations.
Figure 35 - National US Water Values by Use in US$/acre-foot of Water, 1996

INSTREAM WATER USE

WITHDRAWAL & CONSUMPTION
WATER USE

Where: WD= Waste Disposal; RFWH=Wildlife, Fish & Wildlife Habitat; NAV=Navigation;
HYDRO= Hydropower; IRRIG= Irrigation; IND PROC= Industrial Processing;
THERMAL= Thermoelectric Power; DOM= Domestic Uses
Source: Frederick et al. (1996), p9.

39
40

Frederick, K.D., VandenBerg, T., and Hanson, J., (1996)
ibid. p37.
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Irrigation is the largest consumer of water in the United States withdrawing 40% of all water
withdrawn nationally and 77% in the seventeen western states. Irrigation water is valued most
highly in the Lower Colorado and Pacific Northwest systems where water is valued in excess of
US$1,000 per acre foot. Irrigation water values are highest when used for higher value crops
and lower for grains and hay. Average water values for potatoes stood at US$710 per acre foot
compared to a much lower US$33/acre foot for barley and US$51/acre foot for wheat.
Irrigated water values commonly exceeded one hundred dollars when used for vegetables
(Carrots - US$550/acre foot; tomatoes - US$686/acre foot, etc.) see Table 58.
Table 58 - Estimated Water Values by Selected Field, Vegetable and Fruit Crops
in US$s per Acre Foot, 1996
Crop

Value Per Acre Foot of Water in US$s
Average
Maximum
Minimum

Field Crops
Barley

33

62

9

Hay
Alfalfa
Wheat

36
51
51

49
173
104

23
18
14

Safflower
Corn

53
91

69
134

26
44

Cotton
Soybeans

114
121

292
178

28
60

Sugar Beets
Vegetables

121

253

39

Onions
Beans

40
58

40
72

40
44

Lettuce
Carrots

208
550

208
550

208
550

Tomatoes
Potatoes

686
710

686
1228

686
46

Melons
Pears

54
137

70
137

37
137

Apples

151

151

151

Figure 36 Estimated Average
Water Values for 9 Field Crops, 6
Vegetables and 3 Fruits, USA

Fruits

Source: Derived from Frederick, K. et. al. (1996), p.32

Source: Table 47

It should also be noted that the very high values that were identified for industrial processing
are also often directly related to irrigated agriculture through the food processing industries.
This industrial processing sector showed an average value of $282/acre foot and ranged as high
as $802/acre foot. These effectively increase the value of water for irrigation.
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Value of Water in Alternative Uses
When one thinks of a value, one typically imagines a market where various goods are traded.
However, many goods, such as water, are not traded in the market place. However, in such
cases, value can be approximated by a person’s willingness to pay. For those goods not traded
in a market, this willingness to pay estimation is complex. However, a number of techniques
have been developed, which are collectively called non-market good valuation. Valuation of
water in various uses has been reported by several Canadian studies. These estimates are
summarized in Table 59.

Table 59 - Value of Water in Irrigation and Other Alternative Uses
Type of Use

Author and Year

Valuation Method Used

Irrigation in Alberta

Samarawickrema and
Kulshreshtha (2008a)

Gain in Producer surplus
under irrigation over dryland

Irrigation in
Saskatchewan

Samarawickrema and
Kulshreshtha (2008a)

Drought Mitigation

Samarawickrema and
Kulshreshtha (2008b)

Livestock
Production
Residential

Kulshreshtha (2006)

Commercial and
Industrial
Industrial

Bruneau (2004)

Thermal Power
Generation

Bruneau (2004)

Hydroelectric
Power Generation

Bruneau (2004)

Recreation

Bruneau (2004)

Bruneau (2004)

Dybvig and Kulshreshtha
(1989)
Dybvig and Kulshreshtha
(1989)

Long-run Value of
Water per dam3
$17 to $25
$10 to $62

Water production functions
for a drought year over and
above dryland
Cost of alternative source of
water
Willingness to Pay based on
demand functions

$41*

Willingness to Pay based on
demand functions
Willingness to Pay based on
demand functions

$1,410 to $2,170

Willingness to Pay based on
demand functions
Willingness to Pay based on
demand functions
Cost of alternative technology
(dry cooling)
Travel cost method

$1.27 to $627

$9.22
$1,270 to $2,040

$80 to $49,000

$0.11 to $0.24
$7 to $18
$0 to $790

* Value during a drought year. No adjustment for the frequency of droughts has been made
Value of water in irrigation is determined by two factors: crop mix, and amount of water needed
for irrigation. These two factors are interlinked, since nature of crop being irrigated determines
the amount of water needed. However, water use for irrigation is also influenced by technology
of water application, method of delivery of water from source to farm gate (canals vs. pipelines),
and return flow from irrigated lands. Estimated value of water is different in various parts of the
South Saskatchewan River Basin, in part due to these two sets of factors. This value varies from
$10 to $62 per dam3. Value of water in Saskatchewan’s Lake Diefenbaker Development Area
was higher than that for Alberta basins, partly resulting from a higher proportion of area being
devoted to specialty crops. The lower value of water was estimated for the Southwest
Saskatchewan’s small plot irrigation areas.
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In addition, during period of drought, irrigation adds even more value to the farm business –
protects from the adverse impacts of the drought. This value for the drought year is estimated
at $41 per dam3 for Alberta. If one takes into account a drought frequency of 15% over the
past 50-year period, this value in the long-run is estimated at $6 per dam3. Thus, in the South
Saskatchewan River Basin, value of water used for irrigation is $16 to $68 per dam3, which is
equivalent to the gain in producer surplus from the application of the water to crops. It must
also be noted that irrigation brings other benefits to the society through various associated
linkages, and other water uses.
The true value of water for irrigation should be estimated in a multifunctional context. A
precise general definition of multifunctionality is not available, since it is usually defined in a
local context. Glebe (2003) defines it to include food security, food safety, animal welfare,
cultural landscape, biodiversity, and rural development. Groenfeldt (2006) has argued that
value of water must be looked beyond food production and ecosystem services. In fact, he has
argued for recognition of four categories of functions: (1) economic and productive, (2)
environmental, (3) socio-cultural, and (4) rural development. Economic and productive function
feed into food security issues, as well provide the needed economic income to the producers.
Environmental value of water is related to its impact on the environment. Some of these values
may be negative, although many seem to be positive in nature. Biodiversity, ecotourism, and
habitat value are included among the positive value of water. Sociocultural and religious values
of water are very location and culture specific. Aesthetics, landscape values, and cultural
heritage values are typically recognized by the society. Rural development values of water go
beyond the production of food and non-food products. Forward links between water users and
other sectors of the economy create a plethora of economic activity, which would not be
possible without use of water. Estimation of value of irrigation water in a multifunctional
context is not simple. Conceptually it requires estimation of following values: (1) Direct value
of water in irrigation; (2) Value of water in drought mitigation; (3) Value of water in terms of
diversification of farm level activities; (4) Value created with forward linkages; (5) Positive and
negative environmental values of irrigation; (6) Socio-cultural value of irrigation water plus
associated infrastructure.
When one compares the value of water in non-irrigation type of water uses, municipal water use
– residential, commercial, and industrial, has a higher value relative to irrigation. However, the
amount of water used for these purposes is vary small, and does not compete directly with
irrigation water use. There is a direct trade-off between use of water for irrigation and
hydroelectric power generation. However, the value of water for hydro power is relatively
lower (less than one dollar one dam3) than most other uses of water. Although, water used for
thermal electric power generation is relatively more valuable than in hydroelectric power
generation.
Water allocations should therefore be based on uses that can generate the highest value streams
for society, the economy and the environment. Comprehensive irrigation development that
extends beyond the farm gate into value added production, municipal water supply and other
energy generation, recreational and environmental uses can be shown to have such high value
uses for the a limited available water supply. Water value comparisons based upon these more
extensive value chains associated with the multiple uses to which irrigated water storage and use
makes possible places irrigation waters amongst the highest value uses of water. The
contrasting returns from water in a wider life cycle analysis can also be seen comparing
Saskatchewan’s progress in diversified irrigation development with Alberta shown in Box 10
and Manitoba in Box 11. In Saskatchewan the benefits from the agricultural value chain have
been limited to the increased crop productivity from an irrigated crop mix still strong in dryland
cereals and oilseeds supplemented with some increase in forage and cow calf operations. In
contrast Manitoba, on a much smaller irrigated acreage of less than 100,000 acres was able to
build a high value agricultural value chain around potato production. Similarly, to the West and
over the same period Alberta was able to create an even larger diversified value chain.
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Box 10
IRRIGATION
DEVELOPMENT
CREATES
ALBERTA
WEALTH
Alberta’s Irrigation
Experience has been

reviewed many times by
farmers, researchers and from
an international perspective.
Irrigation originated in Alberta
in 1894 and has changed many
times. As far back as 1960 the
Alberta Government realized
the value and need for
irrigation. The key reasons
were:
• the increased value to
southern Alberta
• viable water management
systems for all users
• general benefits to the
economy.
Based on this rationale, an
irrigation works rehabilitation
program was implemented to
annually provide funds today
for the 13 districts and based
on a cost sharing formula of
75:25 (public:private) funds.
Today the annual investment
is about $25 million and to
date about $665 million has
been jointly invested.
Irrigation developments in
Alberta have been reviewed by
numerous authors over the past
40 years and identify many
economic benefits to the
province shown in diagram
below.

Southern Alberta has a ratio of value-added processing to primary
production of 2.66 compared to 1.05 for other regions of Alberta, due to
irrigation and better growing conditions, and also because of the linkages to
agricultural suppliers and related industries. The pre-requisite is that
infrastructure including irrigation infrastructure, is in place.
Intensified irrigation creates a need for irrigation suppliers and services,
which supports rural agribusiness enterprises. Value-added industries
associated with irrigated corps create local employment opportunities.
At least 40 industries employing more than 4,000 people use water from
southern Alberta’s irrigation districts and in total it is estimated that
irrigation adds about 35,000 jobs directly and indirectly. Increased
employment in local industries results in growth in housing, retail
development and service industries and contributes to more vibrant
communities.
Statistics indicate that in Alberta, the average population density of
agricultural areas with little or no irrigation is about 25 % of that in
locations where irrigation is well established. (Brace Centre, 2007)
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Irrigation in Alberta is now over 1.6 million acres and 1.3 million are within the management of 13 irrigation

districts. The value of the replacement for infrastructure is estimated at about $2.5 billion and includes 38 off-stream
reservoirs and a total storage capacity of about 1 million acre-feet. Production from irrigation land provides about 20% of
Alberta’s agricultural GDP on about 5% of the land base. Rural communities are also dependant on irrigation waters.
Irrigation distribution supports about 42,000 people in 50 communities and 12 major industrial users. Through irrigation
canals and storage, about 87,000 acres of wetland habitat has been enhanced or created. The annual direct and indirect
benefits are estimated at 5 billion.

Alberta Agriculture Food and Rural Development undertook a series of reviews of irrigation in southern
st

Alberta with a chapter on benefits (Irrigation in the 21 Century, 2002). The key benefits identified were:

Increased agricultural yields - by 2 to 3 fold
Crop diversification towards higher valued added crops and as the foundation for a value chain.
Stability- due to reduced risk in crop production. Interestingly in the topic of business risk management,
livestock production is well controlled in terms of gain per day and cycle time, where as in crop production yield
and quality is highly dependent on weather and management practices. Hence production insurance for livestock
is not commonly used or offered. Irrigation helps reduce annual yield variability
Diversity- in terms of farm products offered for multiple income streams away from traditional ones. In addition
the region can develop more processing options for new ventures to access.

•
•
•

•

Findings of significance to irrigation benefits include:
Irrigation increases land productivity by three times over comparable dryland agriculture.
Without irrigation the population is estimated to be about 65-75% fewer in the region. Over 40 industries with
4,000 people use water from irrigation.
Total agriculture benefits from irrigation are estimated at over $5 billion and include over 13,000 full-time jobs
About 35% of the Alberta food processing is directly tied to irrigation. The irrigation multiplier is 2.66 compared
with a dryland multiplier of 1.05.
89 irrigation water bodies provide recreation potentials including 7 provincial parks, 26 municipal parks and 13
day-use parks. Over $2 million is spent each year by tourists and total user-days are about 400,000 annually.
Total recreational value s estimated at over $29 million a year.
Over 20 irrigation reservoirs provide an estimated 250,000 angler-days of fishing valued at about $500,000 of fish
annually.
Total water licensed to the 13 districts is 2.78 million acre-feet. There is also over 230,000 aces of private
irrigation in the SSRB region and 19,000 from the Milk River. The total is about 3.1 million acre-feet.

•
•
•
•
•
•
•

Higher levels of potato, vegetable, pulse and sugar beet production was forecast. In addition a

greater amount of canola was expected at the expense of cereals. These trends have generally been realized as discussed
above. Some of the other main conclusions include:
•
•
•
•
•

Irrigation intensification and expansion will contribute positively to the province.
To meet expected sector growth goals, more growth must take place in the irrigated region because of secure
water and higher heat units.
Irrigation provides long-term sustainability of smaller farm units by increased yields, higher valued crops and
lower financial risks. This supports the need for supplies and services in the rural agri-businesses.
Expansion will benefit wildlife, wetlands and the environment.
Innovation, research and technology will add to this success.

The model of development has provided recognized benefits to the province and to the many communities in southern
Alberta. With the expectation of future water shortages and climate change issues, water will become a very important input
for economic development projects of all types. Further, as the world continues with increased food demands, less
available arable land and the need for high quality products, irrigation may provide a highly competitive tool for further
economic development.
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Box 11 - A Manitoba Irrigation Value Chain
Between 1980 and 2005 Manitoba was able to build an irrigated value chain based on potatoes
on less than 100,000 acres of irrigated lands – less than a fifth of the irrigated acres available in
Saskatchewan. Kulshreshtha and Grant in 2002 noted that Irrigation in Manitoba thus,
provides a viable avenue for rural industrialization, and through that brings forth needed
economic diversification in rural area. This further results in stabilization of rural
communities. Although producers benefit from these developments, the majority of economic
impacts are felt on the non-farm industries in the local region or elsewhere in the province.
Growth in Irrigation Acres Manitoba &Saskatchewan, 1980 – 2005

Some 2,320 jobs are directly or indirectly associated with processing of potatoes in Manitoba.
Almost 90% of these jobs are generated in the Irrigation Region. Thus, for every worker hired
by these plants, another 1.4 workers are hired elsewhere in various parts of Manitoba.
Creation of this level of employment in rural areas is a major boost to rural Manitoba.
Estimates of the economic impacts of two potato plants in Manitoba identify sales of over $600
million annually and increased household incomes of $144 million, most of which occurs in the
irrigation areas. The provincial Gross Domestic Product was increased by $258 million
annually.
One of the inescapable conclusions of this study (off irrigation in Manitoba) is that farm level
decisions regarding irrigation create a large amount of external economic impacts. Many of
these impacts are retained in the local communities where such areas are located. Irrigation
can be a big supporter of communities not only through the direct irrigation activity, but also
through enabling the region to attract processing facilities. In rural Manitoba, these impacts
are even more significant, since alternative avenues for economic development are relatively
fewer.
Kulshreshtha and Grant (2002)
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