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A. Key Findings
·
·
·
·
·
·

·
·
·
·
·
·
·

Other than data related to municipal water supply, little information is available for
assessing the value of water and water-related ecosystem services in Minnesota.
Water plays an important role in the functioning of ecosystems, which generate services
that make important contributions to human well-being. However, no comprehensive
statewide estimates of value for water-related ecosystem services exist.
The price of residential water is extremely variable, with 2005 rates in 91 Twin Cities
metropolitan area communities ranging from $0.58 per 1,000 gallons to $5.40 per 1,000
gallons.
Comparing the per-acre profit from irrigated and non-irrigated lands on the same farm
yields a value for irrigation water of $0.04/gallon.
Major research efforts are underway to increase our understanding of how nature’s
services can be measured in terms of economic value.
Minnesota’s water resources contribute five main categories of ecosystem services:
water for agricultural, industrial, and residential use; fish, waterfowl, mussels, and other
foods; recreation (boating, swimming, fishing, hunting, collecting food, nature viewing);
flood control; and aesthetic, spiritual, and cultural values.
Ecosystems affect the quantity and quality of water available for agricultural, industrial,
and residential uses; the value of protecting or enhancing this service has not been
quantified for Minnesota.
Water-based ecosystems support a wild rice industry that yields some $5 million in
revenue each year plus unquantified cultural value to Native Americans.
Water’s value in supporting recreation, including fishing, swimming, and boating has
not been quantified for Minnesota; however, an Iowa study estimated the recreational
value of improving water quality of $150 per year per household.
Ecosystems provide flood-control services. The value of this service for one Minnesota
lake was estimated at $440 per acre.
Water-based ecosystems provide unquantified aesthetic, spiritual, and cultural value.
Hedonic price studies indicate that in most cases the proximity of water bodies increases
property values.
Contingent valuation studies indicate that people are willing to pay for improved water
quality.

B. Introduction
Water and water quality are of central importance in Minnesota, the “Land of 10,000 Lakes.”
Despite this, there has been no comprehensive study of the value of water in Minnesota. Certain
aspects of the value of water, such as the value of water to residential users, have been studied in
depth. For other aspects of the water use (e.g., industrial water use) and the contribution of water
to “ecosystem services” there is little existing data about the value of water. This report
summarizes existing knowledge about the value of water to Minnesota and points out knowledge
gaps that prevent a complete accounting of the value of water.
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In this report, we define “value” as the term is used in economics. Something is said to have
value if its availability contributes to increases in human well-being. So, for example, if water
quality improvements improve recreational opportunities then they have value. In economics, the
standard metric for value is monetary (dollars). However, the notion of value as used by
economists goes well beyond just the monetary value of goods and services currently priced in
markets. Enhancing fishing and swimming opportunities, or improving habitat for species people
care about, or regulating water flows to reduce flooding may all have great value even though
each may not register in standard economic accounts at present. A major research thrust in
ecological and environmental economics has been to expand economic accounts to include the
value of nature (Daily 1997, NRC 2005, MA 2005).
We break the study of the value of water into two major categories: a) the value of water in
direct use, and b) the value of water in terms of provision of ecosystem services. Generating
estimates for the direct use of water, though by no means an easy task, is more straightforward
than estimating the value of ecosystem services related to water. Water plays an important role in
the functioning of ecosystems, which generate ecosystem services that make important
contributions to human well-being. For example, a restored wetland may regulate water flows to
reduce downstream flooding and increase low flows during dry periods, provide habitat for fish
and wildlife that leads to improved fishing, hunting or bird watching, and filter nutrients leading
to improved water quality downstream that increases the value of recreation and lowers costs for
downstream water users. In section D, we review estimates of the value of the water related to
important water related ecosystem services. Some ecosystem services contribute to provision of
clean water for households, industrial and agricultural use, which can then be valued using
methods in section C. Other ecosystem services, however, contribute in other ways, such as
recreation, flood control or aesthetic values. There have been a number of studies of water
related ecosystem services but typically these studies have been done for specific sites and for
specific services. No comprehensive statewide estimates of value for water related ecosystem
services exist at present.
This report summarizes benefits of water to people. Some commentators have been critical of
human-centered approaches to valuing nature because they ignore the “intrinsic value” of nature
(e.g., McCauley 2006, Rolston 1988). Under an intrinsic value approach, conserving ecosystems
and biodiversity has value regardless of whether it benefits people. Whether protecting aquatic
habitats and the flow of clean water through ecosystems has intrinsic value is not a question we
address here. In some circumstances the intrinsic value approach and the ecosystem services
approach can lead to similar recommendations (Polasky and Segerson 2009). However, there
should be no presumption that summarizing the value of water to people as reviewed here will
necessarily fully represent intrinsic value concerns.
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C. Value of Water Use
1.

Methods to Estimate Value of Water Use
Since water is essential for life, estimating the total value of value is not a meaningful
exercise. The total value of water is best thought of as being infinite. Instead, economic
studies of the value of water focus on marginal value. The marginal value measures the
change in benefits associated with a one-unit increase in water quantity or quality. So,
for example, a study might estimate how property values for lakeshore homes are
affected by small changes in water quality, or the increase in benefits of water use from
a small increase in water supply. The value of nonmarginal changes can also be
estimated using the same type of logic, asking what the change in benefits are with and
without additional water or a distinct change in water quality.
Economic theory shows that the valuation of water use is based on the welfare analysis
of the water demand, and the value equals to the consumer’s surplus1. With the
available data, the demand curve of water is fully characterized by the total cost of
water use , total quantity of water use , and price elasticity of water use . So the
demand curve is
.

Given the demand curve, the total benefit of water use at is
. The
consumers’ surplus, or the total value of water use, is the difference between the total
benefit and the total cost
.
The Minnesota Department of Natural Resources’ (DNR’s) Water Appropriations
Permit Program provides detailed information about water use in Minnesota. Based on
the DNR data, this report calculates the value of the marginal change of water use from
the historical minimum level in the period 1988–2008 to the 2005 level.
According to the model, the main task of valuation is to estimate the price elasticity
and the total cost . More mathematical details are in Appendix A.
2.

The Structure of Water Use
The structure of 2005 water use in Minnesota is summarized in Table 1.
Water use in Minnesota can be divided into three main categories: industrial, residential,
and agricultural. Only 4.5% of water is used for other purposes. More than 80% of
water use is in the industrial category. Of this, 78.6% (63.7% of total water use) is for
thermoelectric power generation. Residential water use is about 8.4% of the total.
Agriculture accounts for about 6.1% of the total water use.

1

Since the water as the natural resource is supplied at the natural limit, or permitted limit set by public authority,
producer’s surplus is not considered in the welfare analysis.
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Table 1. The structure of water use in Minnesota (2005)
Categories

Amount (Billion Gallons)

%Category

%Total

Industrial
Thermoelectric
Other
Residential*
Metro Area
Other
Agricultural
Irrigation
Other
Other

1147. 1

63. 9

4. 5

Total

1416. 4

100. 0

81. 0
901. 6
245. 5

78. 6
21. 4

74. 8
44. 7

62. 6
37. 4

79. 1
6. 8

92. 1
7. 9

119. 5

63. 7
17. 3
8. 4

85. 9

5. 3
3. 1
6. 1
5. 6
0. 5

Source: Water Appropriations Permit Program, Minnesota DNR; Community Water Supply Plan Data,
Metropolitan Council* Quantity of metro use is calculated from the Metro Council data. Proportions are
calculated from the DNR data.

3.

Valuation
Value is calculated separately for industrial, residential, and agricultural water use.
a.

Industrial water use. To calculate the value of industrial water use in Minnesota,
we first need to estimate the price elasticity of industrial water demand. This varies
across industries. Renzetti (1992) estimated water intake price elasticity using
Canadian establishment level data. The results vary from –0.1534 for the rubber
industry to -0.5885 for the paper industry. Malla and Gopalakrishnan (1999) in a
study based on Hawaii data, found elasticity estimates to vary from -0. 317 to -0.
393 for the food processing industry and from –0.074 to –0.106 for the nonfood
industry and commercial.
The price elasticity of water demand also differs between self-supplied and
publicly supplied firms. Renzetti (1993) showed that publicly supplied firms
consistently have larger elasticity than self-supplied firms, and pointed out this
may be explained by noting that the publicly supplied firms usually have larger
water cost shares.
The Minnesota DNR Water Appropriations Permit Program data show that about
78.6% of all industrial water is used for the thermoelectric power generation,
mainly for cooling steam plants and nuclear plants. Since the industrial water use
is very concentrated in the power generation industry, and all the water used is
self-supplied, it’s important to estimate the elasticity especially for thermoelectric
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water demand. The estimation requires data about the quantity and expense of
water use, and some firm characteristics. However, such data are currently
unavailable.
The 21.4% of industrial water used for other purposes is spread over many
industries. Babin et al. (1982), using U.S. national level data, found price elasticity
to be –0.56 with a standard error of 0.104. Also using U.S. national level data and
American Water Works Association price series, Grebenstein and Field (1979)
estimate –0.326 with standard error 0.24; Montanari and Mattern (1975) arrived at
–0.801 with standard error 0.16. These estimates are not consistent, so none can be
used to calculate the value of industrial water use in Minnesota. To estimate the
average elasticity of different industries, detailed data about the quantities,
expenses and establishment characteristics are needed. However, such data are not
currently available. Thus, the value of industrial water use is not calculated in this
report.
b.

Residential water use.
1)

Price elasticity. Many estimates of price elasticity of residential water demand
can be found in the literature. Dalhuisen et al. (2003) conducted a metaanalysis of 296 estimates from 64 studies worldwide 1963–2001. The
distribution of the estimates has a sample mean of –0.41, a median –0.35, and
a standard deviation of 0.86. This study found no significant time trend in
elasticity estimates, and reported that in the United States, elasticity was rather
homogenous, except for the arid West.
A U.S. meta-analysis conducted by Espey et al. (1997) had a sample of 124
estimates from 24 journal articles published during 1967–1993. The sample
has a mean of –0.51, and about 90% of the estimates are in the range from
–0.02 to –0.75. This research concludes that there is no significant difference
between the estimates of linear and log linear models. This research also
doesn’t find significant difference of the elasticity for different regions in the
United States. The research of Frerichs et al. (1987) is based on a 1986 water
rate survey of 92 municipalities in Minnesota. Estimates of price elasticity are
summarized in Table 2. The log linear model shows that, for the large cities
with roughly 20,000 residents, the elasticity is –0.5 for the marginal price and
–0.42 for the average price. Such results are consistent with the meta-analysis
in the last two papers. Also, according to the data of Minnesota Department of
Administration, by July 2005, more than 90% of the population of Minnesota
was living in large cities.
Based on these studies, the price elasticity of residential water demand in
Minnesota is –0.51, the U.S. average of Espey et al. (1997).
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Table 2. Price elasticity of residential water demand in Minnesota (1986)
Linear
Marginal Price
Average Price

-0. 17
-0. 19

Log linear
Total
-0. 21
-0. 27

Large Cities*
-0. 50
-0. 42

Small Cities
-0. 19
-0. 25

Source: Frerichs et al. (1987)* A large city is defined as having an excess of 5,000 service connections
(roughly 20,000 citizens).

2)

Cost of water use. According to the Metropolitan Council, the structure of
water use rates varies across communities in the metropolitan area. The 2005
data are complete for 91 communities out of 184. For those 91 communities,
the different water rate structures led to the variance of the community level
average price from $0.58 per 1,000 gallons (Apple Valley) to $5.40 per 1,000
gallons (East Bethel), as shown in Figure 1.

200

Figure 1. Average water prices and water use in the metropolitan area (2005)

Daily Use / Capita (Gallons)
50
100
150

Wayzata

St.

Apple Valley

East Bethel

0

New Germany
0

1

2
3
4
Average Price / 1,000 Gallons (Dollars)

5

6

Source: Community Water Supply Plan Data, Metropolitan Council

However, the water use quantity almost doesn’t respond to the change of price.
For example, the per capital daily use is 80.7 gallons in East Bethel, which is
not significantly lower than the 83 gallons in Apple Valley. This is consistent
with the small absolute value of the price elasticity estimated in the literature.
The per capita daily use changes from the minimum of 42 gallons (New
Germany) to 167.2 gallons (Wayzata), and has the mean of 72.90 gallons
weighted by population.

7

Minnesota Water Sustainability Framework
Water Valuation Technical Work Team Report
January 2011

The per capita annual cost of water use is calculated based on the data of
average price and per capital daily use, and summarized in Table 3. The per
capita annual cost varies from the minimum of $17.47 (Apple Valley) to the
maximum of $180.19 (St. Francis), and has the mean of $53.45 weighted by
population. This weighted average cost is used to calculate the value of water
use in metropolitan area.
Table 3. Average price, daily use, and annual cost in metropolitan area (2005)
Min

Weighted
Mean
5. 40
2. 11
167. 20 72. 90
180. 19 53. 45
Max

Average Price / 1,000 Gallons (Dollars) 0. 58
42. 00
Daily Use / Capita (Gallons)
17. 47
Annual Cost / Capita (Dollars)

Weighted
S. D.
0. 78
17. 23
18. 89

C. V.

Obs.

0. 37
0. 24
0. 35

91
91
91

Source: Community Water Supply Plan Data, Metropolitan Council

3)

Valuation of the residential water use in the metropolitan area. According to
the Minnesota Department of Administration, the 2005 total population of
Minnesota is about 5.21 million. Population in the Twin Cities metro area is
about 2.81 million, or 54% of the total. According to the Metropolitan Council,
residential water use in the metropolitan area was about 74.8 billion gallons in
2005, which is about 62.6% of the total residential water use, and 5.3% of the
overall water use in Minnesota.
As shown in Figure 2, the 1993 quantity is the historical minimum of
residential water use in the metro area during 1988–2008, which is about 71.1%
of the 2005 quantity of water use in metro area. After eliminating population
growth, 1993 per capita quantity is about 90.9% of the 2005 per capita
quantity.
Given per capita cost $53.45 in 2005, the marginal benefit and value of
residential water use in the metro area from the historical minimum to the
2005 level is calculated in Table 4.
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40
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Figure 2. Residential water use in Minnesota (1988–2008)

1988

1993

1998
Year
Total

2003

Metro

2008

Other

Source: Water Appropriations Permit Program, Minnesota DNR

Table 4. Marginal benefit and value of residential water use (metropolitan area)
Total (Million Dollars)
Marginal Benefit
Marginal Value
Quantity (Billon Gallons)

60. 6
17. 2
1993 (Hist. Min.)
53.2

2005
74.8

Per 1,000 Gallons
(Dollars)
2. 80
0. 80
Marginal Quantity
21.6
2005 Population

Per Capita
(Dollars)
21. 56
6. 12

2810179

The marginal value of the total residential water use in the metro area is $17.2
million, which is $0.80 per 1,000 gallons and $6.12 per capita.
As shown in Table 1, the 2005 residential water use in the metro area is about
62.6% of the total residential water use in Minnesota. However, the marginal
benefit and marginal value are not necessarily at this ratio. This is because the
trend of residential water use is not the same for metro and nonmetro areas
(Figure 2), and the average cost is not necessarily the same, either. Therefore,
the valuation of the residential water use for nonmetro area needs location-
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specific data. Since such data are currently unavailable, the valuation of
residential water use outside the metro area is not included in this report.
c.

Agricultural water use. According to the Water Appropriations Permit Program
of Minnesota DNR, in 2005 about 85.9 billion gallons of water was used for
agriculture. About 92.1% of this was for irrigation, and the rest was mainly for
aquaculture and livestock production.
The water used for agriculture is only about 6.1% of the total water use in
Minnesota. Although almost all of the agriculture water is used for irrigation,
according to the 2007 Census of Agriculture of the U.S. Department of Agriculture
(USDA), only 2.6% (506,357 acres) of total harvested croplands are irrigated.
The total amount of harvested croplands of Minnesota in 2007 is about 19.27
million acres. As shown in Figure 3, about 92.7% of the harvested croplands are on
non-irrigated farms, and only 0.3% (65,164 acres) are on farms with all harvested
croplands irrigated.

Figure 3. Irrigated and non-irrigated harvested croplands in farms (2007)

Any land irrigated (7. 0%)

All harvested cropland
irrigated (0. 3%)

Non-irrigated
(92. 7%)

Source: The 2007 Census of Agriculture, USDA

The 2007 Census of Agriculture also provides data on the market value of products
sold and production expenses. Therefore, instead of estimating the price elasticity
of water demand and the cost of water use, one alternative method to calculate the
value of the irrigation water is to compare the market value of products and
production expenses between irrigated and non-irrigated farms. However, this
method may be affected by the selection problem. The selection problem is that the
irrigated farms may not be randomly chosen, and irrigated farms are possibly
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systematically different from non-irrigated farms. For example, maybe the farmers
tend to invest more on the croplands with higher quality, so irrigation is more
likely on farms with better croplands; or, maybe only the croplands with poor
quality are irrigated, because yields would be very low without any irrigation.
Therefore, irrigated and non-irrigated farms may be systematically different in
terms of the land quality and the quality of the croplands may also cause the
difference in yields and expenses between irrigated and non-irrigated farms. So
directly comparing the irrigated and non-irrigated farms may overestimate or
underestimate the effect of irrigation, and affect the valuation of the irrigation
water.
According to the USDA Census of Agriculture, in 2007 about 1.35 million acres
harvested croplands (7% of total) are on the farms with both irrigated and nonirrigated lands, and about 1/3 of those croplands are irrigated. If we assume that
there is no systematic difference between irrigated and non-irrigated croplands in
the same farm, the value of water used for irrigation can be calculated by
comparing irrigated and non-irrigated croplands in the same farms. According to
the 2007 USDA Census data, the comparison is summarized in Table 5.
Table 5. Characteristics of harvested cropland in farms with both irrigated and non-irrigated
land (2007)
Characteristics
Land (Million Acres)
Market Value of Ag. Products (Million Dollars)
Average Per Acre (Dollars)
Total Farm Production Expenses (Million Dollars)
Average Per Acre (Dollars)
Profit Per Acre (Dollars)

Total
1. 35
959. 86
710. 42
757. 47
560. 61
149. 81

Irrigated
0. 44
345. 03
782. 26
275. 99
625. 73
156. 53

Non-irrigated
0. 91
614. 83
675. 60
481. 48
529. 06
146. 55

Difference

106. 65
96. 67
9. 98

Source: The 2007 Census of Agriculture, United States Department of Agriculture

As shown in Table 5, the average profit per acre is $149.81 for all farms with both
irrigated and non-irrigated croplands. The profit per acre of non-irrigated croplands
is $146.55, and rises to $156.53 for irrigated croplands. The difference of the profit
between irrigated and non-irrigated croplands is $9.98 per acre, which is the peracre value of irrigation water. The average market value of agriculture products
from the irrigated croplands is $106.65 more than that of the non-irrigated
croplands, and the per-acre expense also increases by $96.67 from non-irrigated to
irrigated croplands. The difference between the increases of market value and
expenses is also $9.98 per acre.
According to the Water Appropriations Permit Program of Minnesota DNR, in
2007 is about 118.96 million gallons was used to irrigate 506,357 acres croplands.
Thus the per acre irrigation water use is 243.94 thousand gallons. Since the value
of irrigation water use is $9.98 per acre, the value per 1,000 gallons is about $0.04.
11
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This value of irrigation water use is also the marginal value, which is the value of
the water use from the quantity of the natural precipitation to the total quantity.
It’s important to note that this valuation method doesn’t suffer from the selection
problem only if the irrigated and non-irrigated croplands in the same farm are
uniform in all characteristics. Although croplands on the same farm are more likely
to have the same quality, there is still the possibility of the selection problem
within the same farm for some other reason. Also, the possibility of the variation
of the land quality within the same farm cannot be ruled out by any available data.
D. The Value of Water-Related Ecosystem Services
Nature contributes to human well-being in myriad ways, from provision of basic life-support
systems to contributions to spiritual and cultural values. The contributions of nature to human
well-being, or “value of nature,” are also called “ecosystem services” (Daily 1997). Major
research efforts are underway to increase our understanding of how nature provides ecosystem
services and how these services can be measured in terms of economic value (NRC 2005, MA
2005, Daily and Matson 2008, Daily et al. 2009, TEEB 2009).
Water-related ecosystem services are an important subset of all ecosystem services. According to
Postel (2005), water-related ecosystem services include:
·
·
·
·
·
·
·
·
·
·
·
·

water supplies for irrigation, industries, and homes
fish, waterfowl, mussels, and other foods
water purification and filtration of pollutants
flood mitigation
drought mitigation
groundwater recharge
water storage
wildlife habitat and nursery grounds
soil fertility
recreational opportunities
aesthetic, cultural, and spiritual values
conservation of biodiversity

While all of the elements in this list can ultimately contribute to human well-being, the list is
duplicative in the sense that some services are “intermediate services” that only contribute to
human well-being by contributing to other services on the list. For example, water storage is of
value because it can contribute to water supply (especially in times of drought), wildlife habitat,
recreational opportunities, and water purification and filtration. In turn, water purification can
enhance recreational opportunities and lower the cost of providing clean drinking water or clean
water for other uses. This list can be condensed by focusing on “final products,” i.e., services
that directly affect human well-being. In this report, we will focus on the contribution of water to
the value of the following set of “final product” ecosystem services:
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·
·
·
·
·

water for agricultural, industrial, and residential use
fish, waterfowl, mussels, and other foods
recreation (boating, swimming, fishing, hunting, collecting food, nature viewing)
flood control
aesthetic, spiritual, and cultural values

We begin by reviewing evidence for each of these four ecosystem service categories. For some
categories (e.g., flood control; aesthetic, spiritual and cultural values) there has not been much
prior research and few existing estimates of value relevant for Minnesota. Next we review the
result of economic studies about the value of water that are not tied to specific ecosystem
services: a) hedonic studies that use data on property values of houses to infer the value of
environmental quality, and b) contingent valuation and choice experiments that use survey
questions to ask respondents the value they place on various environmental attributes.
1.

Estimates of Values of Specific Ecosystem Services
a.

Provision of clean water to end users. Changes in ecosystem management and
water resource management can lead to changes in the quality, quantity, and
timing of water flows to end users. For example, restoring a wetland may lead to
more even hydrologic flows mitigating floods and droughts and higher quality
water downstream.
Changes in quantity or timing of flows may affect the value of water to end users.
Increased flows may allow greater overall use, and changing the timing of flows so
water is more available during summer growing seasons or during times of low
water availability from drought can increase the value of water to end users even if
the overall supply is unchanged. Above, we discussed the value of water to
agriculture, industry, and residential end users. The only additional angle
introduced by ecosystem services is that one can ascribe value to ecosystem
management by characterizing how management changed the overall volume or
timing of water supplies, and then use the methods and data discussed above to
define the value of these changes.
Water quality can also be affected by ecosystem management. The cost of
providing clean water to end users is a function of the quality of the intake water.
For example, land management can control erosion that contributes to
sedimentation and turbidity in water. Ribaudo (1989) estimated that the total costs
to all users from lower water quality due to soil erosion for the U.S. was $5.1
billion to $17.6 billion. Several studies have estimated the change in cost of
supplying clean water as a function turbidity of intake water and other water
quality characteristics using data on costs from water utilities (see Table 6).
Dearmont et al. (1998) estimated that a 1% reduction in turbidity would save an
average water plant $534 per year. Dearmont et al. (1998) also estimated the
increased cost from the addition of chemicals to treat contaminated groundwater to
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be $95 per million gallons, more than double the cost of treating uncontaminated
water.
Table 6. Water treatment costs as a function of intake water quality
Study

Location

Dearmont et al. (1998)
Forster et al. (1987)
Holmes (1988)
Moore and McCarl (1987)

Texas
Ohio
National
Oregon

Treatment costs per
million gallons
$75
$92
$114
$20

Percentage change in cost
from a 1% change in turbidity
0. 27
0. 12
0. 07
0. 33

Only a few studies in Minnesota have tried to estimate the value of improved water
quality from reduced treatment costs. Pottebaum (1990) estimated a value of $5
million annually for reduced costs of treating groundwater for water in Rochester.
Updegraff (2002) estimated a value of $9.37 per Mg of avoided sediment. There
has been no systematic statewide study of the benefits to end users from improved
water quality, and data are not sufficient to estimate the value of benefits statewide
that would accrue from improved water quality.
b.

Fish, waterfowl, mussels, and other foods. Fishing is the largest food-gathering
activity from waters in Minnesota, but virtually all fishing in the state is
recreational. We discuss estimates of the value of fishing in the next section on
recreation. Gathering of wild rice is another quintessential Minnesota activity.
Unlike fishing, for which there are numerous studies, there has been little study of
the value of wild rice gathering. Norrgard et al. (2007) estimated that 700,000
pounds of wild rice is harvested in Minnesota annually. Most of this is for personal
consumption, but some is sold commercially. Retail prices for Minnesota wild rice
vary by company and grade of wild rice. Taking a ballpark figure of $7 per pound,
the value of wild rice harvest in Minnesota is approximately $5 million annually.
This figure does not capture the cultural value of wild rice for many Native
Americans and should not be claimed to a full and complete estimate of value for
wild rice.

c.

Recreation. Water quality is an important factor influencing the quality and hence
the value of recreational opportunities. Water quality is often defined in terms
“fishable” or “swimmable” (Carson and Mitchell 1993), indicating that at least
some minimum level of water quality is essential for these recreational activities to
occur. Improved water quality above these minimums has been shown by in many
prior research papers to lead to higher quality recreation and increased value of
recreation (e.g., Russell and Vaughan 1982, Smith and Desvouges 1986).
The value of recreational fishing has been extensively studied by economists (see
Boyle et al. 1999a, 1999b for data and meta-analysis of recreational fishing
studies). Several studies have been done in Minnesota and in surrounding states.
Feather (1994), Feather et al. (1995) and Lupi and Feather (1998) analyzed data
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collected by the Minnesota Survey Research Center on angler trips to lakes.
The1989 survey recorded information on trips to any of 1,667 lakes in Minnesota
for 1,488 anglers. Feather and coauthors also collected data on distance to lakes,
lake area, maximum lake depth, Secchi disk depth (a measure of water clarity),
lake littoral area and other variables. While much of the emphasis was on
methodological issues, these studies also provide estimates of the value of
improved water quality on fishing in Minnesota. Feather et al. (1995) estimated a
mean value of consumer surplus for fishing trips of $465 per year per person. This
figure could be used to generate an estimate of the total annual value of fishing in
Minnesota by multiplying the per person figure by the estimated number of anglers
in the state. Feather et al. (1995) also analyzed how the value of fishing would
increase with improved water quality. They estimated that the value of improving
water quality in below-average lakes to the average water quality would increase
average value per year by $7.68 for the northern region of the state and $54.38 for
the southern region. Improving water in the southern region is more valuable
because these lakes are closer to major population centers and because they have
lower water quality.
While the studies based on the 1989 Minnesota Survey Research Center data are
quite useful, the data are now over 20 years old. There has not been an equivalent
recent study of the value of recreation, or the impact on the value of recreation on
water quality in Minnesota. However, there has been more recent work done in
Iowa. Egan et al. (2009) reported results on the value of lake recreation in Iowa
based on a 2002 Iowa Lakes Survey that gathered data from households on visits
to 129 lakes in Iowa. This study has the advantage of being more inclusive of all
forms of recreation, not just fishing. Egan et al. (2009) estimated an increase in the
value of lake recreation of approximately $150 per year per household if water
quality in lakes was improved to the water quality of West Okoboji Lake, which
had the best water quality among Iowa lakes. Multiplying this value by the number
of households in Iowa (approximately 1.2 million) gave an estimate of increased
recreational benefits from improved water quality of $180 million annually. (Note
that this figure is not the value of lake-based recreation in total, which would be far
higher, but the increase in value of recreation from improved water quality.) A
similar study of the increase in value of lake recreation in Minnesota would
generate useful information, as would a more basic study on the overall value of
lake-based recreation in the state. The value of lake-based recreation in Minnesota
would undoubtedly yield higher values than in Iowa, since there are more
households in Minnesota and more lake-based recreation.
d.

Flood control. Flooding causes annual average damages in the billions of dollars
in the U. S. For 1990–2003, flooding damages averaged $4.3 billion per year in
1995 dollars (National Weather Service, http://www.Flooddamagedata.org/
national.html). Minnesota is prone to flooding. Significant flooding events often
occur in the spring with rapid increase in temperatures leading to rapid snowmelt.
Summer storms can generate large volumes of rainfall in short periods of time
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leading to flooding, as occurred in the summer of 2007 in southeastern Minnesota.
Estimates of damages from 1997 floods were in excess of $500 million (MDPS
2000).
Ecosystem management and land-use decisions can affect the severity of flooding
and associated damages. Reducing impervious surfaces can reduce the flashiness
of runoff and the probability of flash flooding. Wetlands can act like sponges,
soaking up waters during high flow and gradually releasing water during times of
lower flow. While these points are understood in principle, there have been few
efforts to document the value of ecosystems in reducing flood damage. Roberts
and Leitch (1997) estimated the flood control value supplied by Mud Lake, a
wetland on the Minnesota–South Dakota border, to be approximately $440 per
acre. Ramirez et al. (1988) analyzed the value of flood control projects in Rushford,
Minn. undertaken by the U.S. Army Corps of Engineers. To the best of our
knowledge, there has been no statewide systematic study of the value of potential
ecosystem management or land-use decisions on damages from flooding.
e.

2.

Aesthetic, spiritual, and cultural values. Water plays a large role in defining
Minnesota, and most Minnesotans place a large value on having clean water in
their lakes and streams. This value can be seen in the large numbers of
Minnesotans who escape to the lake whenever possible and the support of
Minnesotans for large-scale initiatives to help maintain or improve water quality in
the state’s water bodies. Accurately estimating aesthetic, spiritual, and cultural
values in monetary terms, however, is exceedingly difficult (some might say
impossible). Some aspects of the value of these less tangible items can be
ascertained by looking at the value of properties along lakeshores or streams.
Survey-based methods such as contingent valuation can also generate estimates of
the value of aspects of the environment. Both property price studies and contingent
valuation typically generate estimates of total economic value—in other words, the
complete value across all sources of value rather than isolating the value of
specific services (e.g., aesthetics from recreational values). We turn to these more
general methods of estimating values in the next section.

Methods of Estimating Combinations of Services
Economists have done extensive studies using the hedonic property price method or
contingent valuation to assess the value of environmental attributes. These studies are
useful in generating the value of changes in environmental quality to property owners
or survey respondents. However, these studies generate overall valuation numbers but
typically do not allow one to separate out the components of value by service.
Summaries of hedonic and contingent valuation studies applicable for Minnesota can be
found in Paterson and Boyle (2005). Summaries of hedonic property price studies
applied to wetlands can be found in Boyer and Polasky (2004) and Woodward and Wui
(2001). Summaries of contingent valuation studies applied to water quality can be
found in Johnston et al. (2005) and Van Houtven et al. (2007).
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a.

Hedonic property price studies. Hedonic property price studies use data on the
market price of houses to uncover evidence about how people value environmental
attributes such as improvements in water quality. The basic idea behind hedonic
property price analysis is straightforward, though the details of estimation and data
require considerable sophistication to fully master. Prices of properties should
reflect the desirability of the property. By collecting detailed information about
property values along with housing characteristics (e.g., square feet, number of
bedrooms, number of bathrooms, age, quality of construction), neighborhood
characteristics (e.g., quality of schools, crime rate), and environmental
characteristics (e.g., proximity to lakes, streams, wetlands, parks, open space,
water quality of nearest water body), one can use multiple regression analysis to
isolate the impact of changes in a specific characteristic on property values. The
hedonic property price approach has been used to evaluate the value of water
quality for lakefront properties and the value of access to wetlands, lakes, and
streams. Several of these studies have been done in Minnesota. Steinnes (1992)
used data on land without structures along a variety of lakes and showed that
increases in water clarity of the lake, as measured by Secchi depth, are positively
related to land value. A one-foot increase in Secchi depth increased average lot
value by $206. Krysel et al. (2003) collected data on property values, housing, and
environmental characteristics, including water quality indicators, for properties on
lakes in the Mississippi Headwaters region. They asked how changes in water
quality, as measured by a one-meter increase or decrease in Secchi depth, would
affect property values along lakes. Results are shown in Table 7. The impact of
water quality on property values is large. On the largest lakes in the region, such as
Big Sandy and Leech, an increase of one meter in water quality would be worth
between $50 and $100 million to lakefront property owners. A decrease in water
quality by one meter would lower property values by over $100 million on both
lakes. Estimates of impacts of water quality on other lakes in the region are shown
in the table.
The hedonic property price approach has also been applied to proximity to
wetlands and other water bodies. Doss and Taff (1996) used data on property
values in Ramsey County to investigate the effect of proximity to wetlands of
various types on property values. They found closer proximity to scrub-shrub,
open-water, and emergent vegetation wetlands is positively associated with
property values, while proximity to forested wetlands is negatively associated with
property values. Mahan et al. (2000), using data from Portland, Oregon, found that
closer proximity and large size of the nearest wetland were positively associated
with property value and that the type of wetland did not impact value. They found
that reducing the distance to the nearest wetland by 1,000 feet starting from an
initial distance of one mile increased house value on average by $436. Lakes were
found to be more valuable: Reducing distance to the nearest lake by 1,000 feet
starting from an initial distance of one mile increased house value on average by
$1,644.
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b.

Contingent valuation studies. The contingent valuation method uses surveys to
ask respondents what they would be willing to pay to get specified improvements
in environmental quality. It has been applied to a wide range of environmental
issues, including improvements in water quality. Meta-analyses of contingent
valuation studies of water quality are contained in Johnston et al. (2005) and Van
Houtven et al. (2007). Two contingent valuation studies of water quality have been
done in Minnesota: Mathews et al. (2002) and Welle (1986). Mathews et al. (2002)
used a contingent valuation survey to estimate the value of a 40% reduction in
phosphorus loadings into the Minnesota River. They estimated an aggregate annual
household willingness-to-pay of $141 million for a 40% reduction in 1997 dollars.
Welle (1986) found significant positive values associated with higher water quality.

E. Important Knowledge Gaps
In this report, we have assembled and summarized evidence on the value of water in Minnesota
both from direct use and from ecosystem services. Evidence presented shows that water
contributes to the well-being of the citizens of Minnesota in a large number of ways, from direct
use in agriculture, industry, or residences, to recreation and aesthetics. The existing literature
provides snapshots of how Minnesotans value water in these various dimensions. However, other
than data collected by municipal water supply companies, there is little in the way of systematic
data collection that would allow a statewide comprehensive assessment of the value of water in
Minnesota. To obtain such a statewide comprehensive assessment will require expanded efforts
in data collection and analysis to address key knowledge gaps that currently exist. Among the
most important steps that could be taken to reduce existing knowledge gaps are the following:
·
·
·
·
·
·
·
·

value of water in industrial use
value of water in agricultural use
value of water in residential use
value of improved water quality on recreation
impact of ecosystem management and land use on water quality
impact of ecosystem management and land on flooding probability and intensity
value of reduced flooding potential
value of water quality improvements for aesthetic, spiritual and cultural values
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Table 7. Changes in property prices on study lakes for a one-meter (1m) change in water
clarity

Source: Krysel et al. (2003)
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Appendix A.
Given the constant price elasticity , the water demand can be identified in log-linear form
where
Let

is water price,
be the total cost and

is the water demand quantity, and

is a constant. So

be the total quantity, we can identify

Then the marginal benefit of water use from quantity

the marginal cost of water use from

and then the value of water use from

to

to

to quantity

as

is

is

is

In this report, and are estimated at the 2005 level, is the historical minimum quantity, and
is the 2005 quantity, then the marginal benefit and marginal value of water use is simplified
as
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