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Abstract

In this article we use the hedonic price model to estimate the effect of a change in water quality on
the value of real estate in the lake community of Delavan, Wisconsin. Hedonic techniques show
that a $7 million rehabilitation program significantly increased Delavan Lake shoreline property
values. Existing research demonstrates that the use of objective water quality measures (as
opposed to subjective measures) is important for estimating the implicit value of water quality in
hedonic analyses. This article provides new evidence on the economic benefits of clean water by
measuring the change in property values attributed to an observable rehabilitation event.
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1. INTRODUCTION

In the early 1980s, Delavan Lake (located in Walworth County in southeastern
Wisconsin) experienced significant water quality problems, including nutrification and
resultant algal blooms, reduced water clarity, and an overall eutrophic state. Scientific
studies indicated that non-point sources of nutrients such as phosphorus were
contributing to these water quality problems. In response, agencies at multiple levels of
government undertook an expansive, intensive, and historically unique $7 million lake
rehabilitation program between 1989 and 1993. This rehabilitation included the actual
draining of Delavan Lake and a number of steps to eliminate undesirable fish species,
algae, and nutrients that were contributing to the eutrophication problem. Once these
actions were taken, the lake basin was allowed to refill and game fish were restocked.
The rehabilitation effort created a substantial improvement in the environmental quality
of Delavan Lake, as well as associated benefits such as a dramatic improvement in the
quality of its recreational fishery. Due to the uncommon magnitude of this rehabilitation
effort as well as the extensive documentation of the lakes’ environmental history, this
otherwise relatively obscure lake has become quite well known in national and even
international scientific circles.

An important but to date unanswered economic question begged by a retrospective
view of the lake’s rehabilitation is as follows: What economic benefits accrued as a result
of the $7 million investment in the lake’s quality? This article focuses solely on the
enhanced property values that are hypothesized to have resulted from the rehabilitation
and uses hedonic analysis to estimate those incremental values.' In order to conduct this
analysis, information on property values and housing characteristics was collected for
numerous residential properties on and near three lakes in Walworth County, Wisconsin.
These lakes, all drainage lakes, are similar in location within Walworth County. They are
also similar in terms of depth, with the deepest parts of each lake ranging from 44 to 58
feet. Since drainage lakes are fed primarily by streams and with outlets into streams or
rivers, they are particularly vulnerable to surface runoff problems. Also included in the
analysis are homes in the non-lake Walworth County community of Darien, Wisconsin.

While the literature on many environmental goods (such as clean air) is rich, the
existing research using the hedonic method to determine the value of water quality is
more limited. We add to the existing literature by estimating the effects of an unusual
human-induced restoration event, with concomitant enhancements to water clarity, on
property values. One barrier in previous research is the limited availability of a water
quality measure for the average consumer: water pollutants are often microscopic and
thus unobservable. It is only when the concentrations are egregious that they are noticed
by homeowners. Also, previous research may have been hampered by a difference
between perceived water quality and reality (Poor et al. 2001). The well-publicized lake

' The estimation of other categories of benefits resulting from the Delavan Lake cleanup (e.g.,
increased economic activity at the regional level) is discussed in Eiswerth, Kashian, and Skidmore
(2005).
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restoration project conducted on Delavan Lake in southeastern Wisconsin offers a unique
opportunity to estimate the effect of a substantial change in water quality on lakefront
property values. Specifically, we use hedonic techniques to evaluate the determinants of
variation in property values over time and across homes in a heterogeneous and well-
integrated housing market with the objective of isolating the effect of a change in lake
water quality on the value of such properties. By using properties located on several
similar yet unique lakes, we attempt to evaluate the impact that the restoration project
produced.

Our study is conditioned by virtue of two fortunate occurrences. First, the occurrence
of the lake rehabilitation event provides a rare opportunity to assess the impact of a very
large (i.e., not marginal) improvement in water quality. Second, there are good historical
records of a key water quality attribute (water clarity) at each of the three lake areas
included in our hedonic analysis. We are therefore able to cast our study in two dimen-
sions. The first involves an “event history” modeling approach in which we estimate the
impact of the rehabilitation. This approach allows us to estimate: a) the value that accrues
to a property simply as a result of having lakefront (versus not having lakefront) at a
particular lake at different points in time; and b) the incremental value of lakefront per
linear foot of shoreline at different points in time. Our second approach involves a more
traditional framework of including a water quality measure in a hedonic framework in
order to value changes in the environmental attribute. At the same time, we also control
for time- and community-specific effects that may be partially correlated with, but are
distinct from, the change in water clarity. This latter approach allows for the estimation of
the incremental value of residential lakeshore properties per foot of enhanced lake water
clarity.

2. LITERATURE REVIEW

A given housing unit is best characterized as consisting of a bundle of attributes that
in sum describe the structure itself, the land upon which it is built, and the relevant loca-
tional characteristics. Much of the previous research that examines housing markets has
used the hedonic framework. The hedonic approach can separate the internal property
attributes (baths, bedrooms, square feet, etc.) from the public and private good attributes
associated with location. In the case of shoreline, proximity and access to water and
water-related open space as well as views and other amenities are provided to the
property owner.

Previous research regarding the relationship between housing value and waterfront
views overlaps several academic fields. Darling (1973) investigated the influence of dis-
tance from lake parks on property value. In this early study, the coefficient was negative
and significant, indicating that a closer proximity to lake parks increased property values.
Brown and Pollakowski (1977) confirmed that distance from the waterfront reduces sell-
ing prices. Plattner and Campbell (1978) found that the view of ponds or small lakes
increased the value of condominiums in Massachusetts. Seiler, Bond, and Seiler’s (2001)
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research on Lake Erie verified a significant and positive relationship between a view of
Lake Erie and property value.

Since the aforementioned articles did not focus on quality, it is helpful to move from
this initial establishment of relationship between waterfront view and property value to
consider the related issue of water quality. David’s (1968) hedonic study examined the
correlation between lakeshore property values on artificial lakes in Wisconsin and water
quality. Although the measure of water quality was correlated with property prices, the
subjective measure of water “quality” was a limitation of this initial research. Epp and
Al-Ani (1979) also tested the relationship between changes in water quality and house
values. This work provided support for pro-active efforts in water quality protection/
improvement. A key conclusion of this work was that the price of properties adjacent to
good water quality are sensitive to changes in water quality, but marginal improvement in
areas of poor water quality offer no benefit in property valuations.

Young and Teti (1984) examined a case in which the water quality around St. Albans
Bay in northern Vermont was degraded. This research concluded that property values
around St. Albans Bay suffered relative to the properties outside the bay. Brashares
(1985) used an approach similar to that of David (1968) to examine the effect of water
quality on Lake Michigan on property valuation, except that it improved upon David’s
research by including 39 specific objective measures of Lake Michigan water quality.
Brashares found that observable water quality measures were capitalized into the price of
lakefront real estate.

The work of Steinnes (1992) examined the importance of human perception by
examining the relationship between a perception of poor quality and property values.
Steinnes found that the presence of tannic acid, which gives the water a dark brown color,
negatively affects property values. Note, however, that while tannic acid discolors water
it has no true negative effects on water quality in terms of environmental degradation.
Mendelsohn et al. (1992), however, showed that true diminished water quality does not
affect property values until awareness is elevated. In a survey of 500 property owners on
34 Maine lakes, Boyle et al. (1998) determined that water quality issues influenced the
purchase decision for potential property owners. Using the alternate technique of willing-
ness to pay (WTP), Boyle et al. (1998) determined that there was a willingness to pay for
improved water quality. This WTP represented an economic demand for water quality by
lakeshore property owners.

Michael, Boyle, and Bouchard (2000) revisited the issue of perceived water quality
and valuation. Within a hedonic pricing model, their water quality variables significantly
affected housing prices. Finally, readily available water quality measures had a signifi-
cant effect on property values along the Chesapeake Bay (Legget and Bockstael 2000).
This body of research demonstrated that the use of objective water quality measures (as
opposed to subjective measures) is important for estimating the implicit value of water
quality in hedonic modeling (Poor et al. 2001). In addition, this body of work suggests
that awareness of water quality issues is also important. In summary, these studies show
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that water quality can significantly affect property prices. At the same time, water quality
measures that are not perceivable to the general public, although important, may not be
capitalized into property values.

While this previous work represents a body of knowledge regarding the relationship
between water quality and property values, a limitation is that this research has primarily
relied on cross-sectional data. Thus, the existing research does not offer insight into how
changing water quality translates into changing property values. We add to the literature
by utilizing changes in water quality over time to estimate any effects on property values.
Such a study is made possible by the unusual restoration project implemented to reverse
the drastic decline in quality at Delavan Lake.

3. DATA

The present study compiles data on assessed valuation of residential property and
characteristics for 1987, 1995, and 2003 from three lake districts and one non-lake
district in Walworth County, Wisconsin. The choice to use assessed value data (as
opposed to actual sales price data) is related to three issues. First, due to the dearth of
sales in the lake communities for the years we examine, sales price data is limited and
nonrandom. For example, in 2003 on Lake Beulah, there were only six homes sold with
sales prices ranging from $145,000 to $2.5 million. Second, we note that other research-
ers such as Steinnes (1992) have utilized assessed value data to evaluate water quality
issues. Birch and Sunderman (2003) argued that sales price data is not appropriate for
small areas due to the small number of resales during a given period of time. Pollakowski
(1995) cited several structural problems in transactions data. Among the difficulties are:
the inclusion of non-arms length transactions where prices are significantly lower than
market due to a relationship between buyer and seller and reporting errors caused by
seller financing. In addition, Clapp and Giaccotto (1992) argued that the political climate
discourages systematic error in the valuation of property and that property valuation is
regularly updated to reflect current market prices by a number of institutional mecha-
nisms. In Wisconsin assessed valuation must be updated on a regular basis and in fact is
required by state law whenever average assessed values fall below 90 percent of full
market value.” For these reasons, assessed valuations are used in the present study.

In this region property values, especially lake property values, are influenced by the
Chicago market. Walworth County is just a two-hour drive from the Chicagoland and
thus serves as a recreational area for many Chicago residents. The properties were ran-
domly chosen from all homes located in the Delavan Lake, Lake Beulah, and Lauderdale
Lakes areas as well as the town of Darien. Delavan Lake is located in the town of

* All properties were reassessed at least once during the 1987-2003 period: Delavan properties
were reassessed in 1992 and 2000; Darien properties were reassessed in 2003; Lauderdale Lakes
properties were reassessed in 2000; and Lake Beulah properties were reassessed in 1995 and 2001.
Given that all properties were reassessed at least once, it seems unlikely that our results are
affected by the timing of the reassessments. Further, the values used are in fact estimates of market
values, which are adjusted annually to reflect local housing market conditions.
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Delavan, Lake Beulah is located in the town of East Troy, and properties on the
Lauderdale Lakes are located in the Town of Lagrange. The properties from the Town of
Darien provide a comparison real estate market without lakefront.” A number of explana-
tory variables are included in the hedonic regressions to capture the factors that are
typically found to influence residential property assessed values.

Data on residential assessed valuation and characteristics come from several sources.
The land and improvement valuations for 2003 are provided by Walworth County. Lake-
front is provided through Walworth County plat maps. The individual townships
provided the land and improvement valuations for 1987 and 1995.* The various town
assessors provided data on the housing characteristics used in the hedonic equations.
Only residential properties as opposed to commercial properties are included in the data
set. Lastly, only those properties with dwellings in 1987 are included, and properties with
significant structural additions over the period of analysis are omitted.

In addition to a series of variables that characterize the properties, time indicator
variables are included for 1995 and 2003 to control for the average increase in all proper-
ties over time. These data provide the basis for analyzing the effect of the Delavan Lake
restoration project that occurred between 1989 and 1993 on the value of lake property
relative to comparative properties on other nearby lakes. The dataset consists of charac-
teristics of 314 homes at three different points in time yielding a total of 942 observa-
tions.” Before turning to the regression results, consider Figure 1, which shows that rela-
tive to Beulah and Lauderdale lakefront properties, Delavan values appear to have appre-
ciated at a faster pace, particularly between 1987 and 1995 — the period during which lake
restoration took place.

4. HEDONIC MODELS
4.1 General Approach

Our use of hedonic pricing follows the lead of Rosen (1974), who shows that the
price of a good is a function of the bundle of characteristics embodied in the good. The
final price of a good depends on the quality of a number of specific attributes. In the
context of a house, each homeowner receives a different benefit (utility) from a given
residential property. In this framework utility, U is a function of a composite good, X, the
home, H, and taste parameters, T. Thus, U; = Ui(X;, H;, T;) for individual i. Utility is
maximized according to a budget constraint, P*X + Py*H = M, where P is the price of all
other goods, Py is the price of a home, and M is income. Constrained optimization yields

* Darien is not located on or near a lake. However, residents may enjoy nearby lakes via public
access points. All three lakes have public access points.

* Due to a large number of missing variables, assessment data for 1994 is used for the Delavan
properties. However, in reviewing the assessment rolls from 1993, 1994, and 1996, this was a
midpoint assessment period and thus does not affect assessed valuation.

> Depending on the regression, the total number of observations employed may be reduced due to
missing data.
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FIGURE 1. Average Lake Property Values

a set of demand functions where H; = Hi(P, Py, Ti, M). Each homeowner has a collection
of indifference curves representing his or her tradeoff between the different amounts of
amenities and services embodied in a given home and how much he or she is willing to
pay for them. Each residential property therefore offers varying characteristics that may
satisfy a homeowner.

In the context of the present study, the dependent variable is the assessed value (land
plus improvements) of a residential property. We postulate that property values are in
part determined by: 1) the presence/absence of lakefront; 2) the number of feet of lake-
front that a property has; and 3) the water quality of the lake in question. We are particu-
larly interested in whether the restoration project on Delavan Lake, which occurred
between 1987 and 1995, caused an increase in the value of Delavan Lake properties that
was greater than the ones that occurred on lakefront properties at Lake Beulah or the
Lauderdale Lakes. To address such issues, we first use a binary (0-1) indicator variable
denoting whether a home has lakefront and interact this variable with both a community
(location) indicator variable and a time (year) indicator variable. Next, we utilize a
variable denoting the linear feet of lakefront on a particular lake and interact it with time
(year) indicator variables. Finally, we add a measure of water quality to the models.
Specifically, we employ available data on time trends in secchi depth readings at each of
the three lakes. Secchi depth is the standard for measuring water clarity.

A number of other traditional explanatory variables are typically found to influence
residential property values, and we include such variables in our models. We employ
specifications that are generally similar to those used by Brown and Pollakowski (1977)
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and Palmquist (1984) and so include variables such as number of bedrooms, number of
bathrooms, square feet of living space, the size of an attached garage, the existence of a
basement, the existence of central air conditioning, and the existence of a natural fire-
place. In addition to shoreline length used in Boyce and Taylor (2001), we include the
square of shoreline feet to control for diminishing marginal benefit of shoreline. While
the coefficient on shoreline feet should be positive, the coefficient of shoreline feet
squared is expected to be negative, indicating a decreasing marginal benefit. The specific
hedonic models estimated in this article are outlined in the following section.

4.2 Specific Hedonic Equations

The goal of our analyses is to calculate the degree to which the value of real estate on
Delavan Lake was affected by the improvement in lake quality resulting from the lake
rehabilitation project. Table 1 provides definitions and summary statistics for the vari-
ables used in the analysis. A series of regressions was estimated in which the dependent
variable was the assessed value of a property’s land and improvements (i.e., land plus
dwelling). Three regression models were estimated. There are factors in common across
all three models, but each has a somewhat different objective. In the first model, the
presence/absence of lakefront interacted with time indicator variables for each observa-
tion serve as the key independent variables. This model is represented by the following
equation:

€)) Vii= a + ZBiTimejxShorelineDy;) + 8(Xi) + Zdy(Timey) + &

where TimejxShorelineDj; is a series of interaction terms between the time indicator
variables and either the Delavan Lake shoreline binary indicator variable or the compari-
son lake’s shoreline binary indicator variable; Xj; is a vector that includes the housing
characteristics mentioned above; and Time; represents the time indicator variables.’®
Recall that the three time periods (years) included in the analysis are 1987, 1995, and
2003. A primary objective of this first model in (1) is to provide a simple and clear esti-
mate of the increment to property value that occurs when a house is located on the shore
of a given lake and to examine the way in which that value increment has varied over
time. We pay particular attention to the difference in value increments before and after
the rehabilitation of Delavan Lake.

The second model alters equation (1) by including shoreline feet interacted with time
indicator variables as the key explanatory variables (zero feet is recorded for non-lake
housing) in place of the simple binary indicator variable for shoreline:

2) Vii= a + ZBi(TimejxShoreline;) + 6(Xir) + Zd(Timey) + iz,

where TimejxShoreline;; 1s a series of interaction terms between the time indicator
variables and either the Delavan Lake shoreline linear feet variable or the comparison

® The 1987 time indicator variable is omitted to avoid perfect multicolinearity.
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TABLE 1

Summary Statistics
Variable Observations  Mean Std. Dev.
Real Land Value ($) 938 93,293 123,509
Real Total Property Value ($) 938 184,892 196,252
Lakefront (feet)* 942 52 83
Basement (square feet) 939 810 706
Natural Fireplace (1 if yes) 942 0.36 0.52
Attached Garage (square feet) 939 161 275
Central Air Conditioning (1 if yes) 942 0.45 0.5
Full Bath (number) 942 1.6 0.9
Half Bath (number) 939 0.33 0.5
Bedroom (number) 942 3 1
Living Area (square feet) 939 1,702 1,061

* The actual mean footage for shoreline property is about 105 feet. The value presented here is
smaller because non-lakefront properties are included in the sample.

lake’s shoreline linear feet variable; Xj; is a vector that includes the housing characteris-
tics mentioned above; and Time; represents the time indicator variables. A primary
objective of model (2) is to estimate the dollar value over time of a foot of lake shoreline
on Delavan Lake relative to the comparison lakes (the contribution of shoreline to the
value of properties, ceteris paribus).

For the third model, we include measures of water clarity (secchi depth readings)
taken at each of the three study lakes in each of the three years included in the analysis.
These secchi depth data are presented in the results section of this article. In addition to
the water clarity variable, we include time indicator variables (as in Eqns. (1) and (2))
and also lake community indicator variables identical to those embedded in the shoreline
dummy interaction terms in (1). We include these indicators in order to estimate a model
that is as parallel to (1) and (2) as possible while also including a measure of water
clarity. The model is:

(3)  Vi= o+ Ep(ShorecommunityDy) + 3(Xi) + Z¢u(Timer) +y(WQi) + &

where ShorecommunityD; is a binary (0-1) indicator variable denoting whether a dwell-
ing is located in shore community i (i = Lauderdale shorefront, Delavan shorefront,
Beulah shorefront), with the omitted indicator variable being non-shore properties; WQj
is the secchi depth (water quality) reading at lake i in period t; and all other variables are
as previously defined. A primary objective of the model in (3) is to estimate the dollar
value of a one-foot change in lake water clarity, holding other factors constant.

Finally, given that the LM heteroskedasticity test indicates heteroskedastic variance
of the error term, we use a procedure proposed by White (1980) to generate
heteroskedasticity-consistent estimates.
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5. MODEL RESULTS
5.1 Hedonic Results for Presence/Absence of Lakefront

The estimation results of the hedonic regression based on equation (1) are presented
in Table 2. By and large, the coefficients have the expected signs and magnitudes. The
coefficients on the housing characteristic variables all have the anticipated sign: basement
size, living space, number of bathrooms, and the size of an attached garage are all
positive and significant.” In addition, the time indicator variables are also positive,
indicating the general appreciation of property over time. In reference to the hypothesis
of the restoration event, the relative increase in the value of lakefront on Delavan Lake
between 1987 and 1995 is apparent. Controlling for other factors and the general increase
in all property values, the value of lakefront on Delavan Lake increased from $57,587 in
1987 to $261,406 in 1995—a 354 percent increase. During the same period, the value of
lakefront on Lake Beulah and the Lauderdale Lakes (Other Lakes) increased in value by
222 percent. Other than the restoration project, it is difficult to imagine why Delavan
Lake properties appreciated so much more than the other lake properties. However, once
the benefit of the restoration project was fully capitalized into the value of property, the
appreciation attributable to lakefront slowed: between 1995 and 2003, Lauderdale and
Beulah properties appreciated 57 percent, while Delavan properties appreciated just 22
percent.

5.2 Hedonic Results for Linear Feet of Lakefront

The estimation results of the hedonic regressions based on equation (2) are given in
Table 3. The results show that the appreciation of lakefront on Delavan Lake between
1987 and 1995 exceeded the appreciation of lakefront on the other two Walworth County
lakes. Lakefront at Delavan Lake was valued at $665 per foot in 1987, as compared to
$539 per foot for the lakeshore properties on Lake Beulah and the Lauderdale Lakes. The
Delavan Lake restoration between 1987 and 1995 increased the value of the shoreline by
352 percent (to $3,010 in inflation-adjusted dollars). The other two lakes saw a rise in
average property value of 282 percent (from $539 to $2,060).

However, as in Equation (1), this advantage accrued by Delavan in the early 1990s
did not continue. The value of shoreline from 1995 to 2003 increased on Delavan by only
10 percent, while it appreciated by 54 percent on the other two lakes. The control
variables in this regression again produced the anticipated results.

Finally, there is limited evidence that shoreline exhibits decreasing marginal
valuation. This is reflected in the coefficient on the square of shoreline appearing as
negative and significant in 1995 and 2003 for Lake Beulah and the Lauderdale Lakes.

7 We note that number of bedrooms is not a significant determinant of residential valuation. Given
that we include square footage as a variable, it is not surprising that the bedroom variable is insig-
nificant, possibly because as more bedrooms are added while holding square footage constant, the
average size of the bedroom would fall.
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TABLE 2

Hedonic Equation (1): Value of Land Plus Dwelling Regressed on Shoreline Binary
Indicator Times Year Interaction Terms and Other Variables

Regression Results with correction for heteroskedasticity-consistent standard errors. Dependent
variable is the combined value of land plus improvements (dwelling).

Variable Coefficient t-statistic
Intercept -$13,237 -0.69
Time1995 $15,425 2.26%*
Time2003 $36,474 6.03%**
Delavan Lake ShorelineDxTime1987 $57,587 2.82%**
Other Lakes ShorelineDxTime1987 $59,819 4 57***
Delavan Lake ShorelineDxTime1995 $261,406 8.23***
Other Lakes ShorelineDxTime1995 $192,504 13.03***
Delavan Lake ShorelineDxTime2003 $318,566 6.38***
Other Lakes ShorelineDxTime2003 $301,782 15.56***
Basement Square Feet $47 5.38%**
Natural Fireplace (1 if yes) $10,771 1.29
Attached Garage Square Feet $65 3.49%**
Central Air (1 if yes) -$11,684 -1.46
Number of Bathrooms $22.459 3.04%%*
Number of Bedrooms -$2,792 -0.42
Living Area Square Feet $37 3.10%**

Adjusted R* = 0.695

Number of observations = 926, ***significant at the 1% level, **significant at the 5% level, * significant at
the 10% level

Somewhat surprisingly, the coefficient on the square of shoreline is not significant for
Delavan Lake.

5.3 Inclusion of Water Quality Indicator in the Hedonic Model

In the results presented above, we use an “event history” approach to ascertain the
potential impacts of the lake restoration on property values. Alternatively, we also present
an estimate of the impact of lake restoration using a measure of lake water quality.
Specifically, we obtained information from the State of Wisconsin Department of Natural
Resources and from the Lauderdale Lakes Management District on secchi depth readings,
a measure of water quality based on visibility. Table 4 presents the secchi depth readings
for the three lakes. Generally, there has been an upward trend in water clarity, which may
be due in part to overall improvements in lake management. Delavan Lake, however,
experienced a significant jump in water clarity between 1987 and 1995 and a modest
decline between 1995 and 2003.

The water quality hedonic regression includes secchi depth as a measure of water
quality but also is constructed to be as parallel as possible in structure to the “event
history” hedonic regressions presented above. Specifically, the regression includes both
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TABLE 3

Hedonic Equation (2): Value of Land Plus Dwelling Regressed on Shoreline Length
Times Year Interaction Terms and Other Variables

Regression Results with correction for heteroskedasticity-consistent standard errors.

Dependent variable is the combined value of land plus improvements (dwelling).

Variable Coefficient t-statistic
Intercept $50,933 3.10%***
Time1995 $17,264 2.52%*
Time2003 $45,811 5.94%**
Delavan Lake Shoreline Length x Time1987 $665 1.14
(Delavan Lake Shoreline Length x Time1987) -$0.12 -0.03
Other Lakes Shoreline Length x Time1987 $539 3. 14k
(Other Lakes Shoreline Length x Time1987)* -$0.34 -1.12
Delavan Lake Shoreline Length x Time1995 $3,010 2.79%**
(Delavan Lake Shoreline Length x Time1995) -$2.86 -0.28
Other Lakes Shoreline Length x Time1995 $2,060 11.89%*:*
(Other Lakes Shoreline Length x Time1995)* -$2.09 -5.30%**
Delavan Lake Shoreline Length x Time2003 $3,325 1.73*
(Delavan Lake Shoreline Length x Time2003)” -$1.05 -0.06
Other Lakes Shoreline Length x Time2003 $3,179 10.22%**
(Other Lakes Shoreline Length x Time2003)* -$3.56 -4.09%**
Basement Square Feet $28 5.38%**
Natural Fireplace (1 if yes) $15,182 1.65%
Attached Garage Square Feet $47 2. 85% %
Central Air (1 if yes) -$10,069 -1.33
Number of Bathrooms $21,077 3.2 %*
Number of Bedrooms -$4,794 -0.92
Living Area Square Feet $28 2.82%**

Adjusted R*=0.756
Number of observations = 926, ***significant at the 1% level , **significant at the 5% level,
* significant at the 10% level

year indicator variables (Time1995 and Time2003) and community indicator variables
(for Lauderdale, Delavan, and Beulah) in addition to the secchi depth variable
(Waterclar). Aside from other reasons, the importance of including these two suites of
indicator variables, in similar fashion to the approach used in the event history regres-
sions, is indicated by inspection of the secchi depth data in Table 4. First, the general
increase in water clarity over time is likely to be partially correlated with general
increases in property values over time attributable to a number of non-measurable factors.

Thus the inclusion of the year indicator variables is important. Second, notice that
there are substantial differences in water clarity among the three lakes studied. At the
same time, there are a host of non-measurable but potentially important community
effects that may influence property values. Therefore it is important to include
community-specific indicator variables in order to better disentangle the effects of water
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TABLE 4
Secchi Depth Readings (Water Visibility In Feet)
Delavan Lake Middle Lake (the largest lake among
Year Lake Beulah the Lauderdale Lakes)
1987 5.87 8.28 14.0
1995 15.31 9.62 15.0
2003 11.97 10.03 17.0

quality on property values from the effects of tangible but hard-to-measure differences in
community fabric across the three areas.

Table 5 shows the results of the water quality indicator hedonic regression. In
general, the estimated coefficients and statistical significance levels of the control
variables are broadly similar to the results of the event history hedonic regressions shown
above. Basement square footage, number of full baths, and living area square footage all
contribute positively to property value at the 1 percent level of statistical significance.
The presence of a natural fireplace is also statistically significant at the 1 percent level.
While the estimated coefficient of the fireplace variable ($50,624) is perhaps substan-
tially larger than one might expect, we surmise that for the stock of homes in the sample
the presence of a fireplace is highly correlated with several other unmeasured factors that
add to the value of a house (e.g., hardwood floors, custom kitchen features, custom
lighting fixtures, etc.).

The estimated coefficients for the time and community indicator variables are also in
accordance with expectations. After controlling for the property-specific and lake quality
variables included in the model, the general rise in property values over time is apparent
by inspection of the results for Time1995 and Time2003. The average property was
worth about $70,000 more in 1995 than in 1987, and about $140,000 more in 2003 than
in 1987, ceteris paribus (level of significance = 1 percent). The estimated coefficients on
the community effects indicator variables illustrate the average premiums commanded by
homes by virtue of their location in particular communities, ceteris paribus.

Finally, the regression in Table 5 also shows that the variable of primary interest
(Waterclar) has a positive coefficient that is statistically significant at the 5 percent level.
The value of this coefficient indicates that for every one foot increase in water clarity, on
average, lake property values increased by $5,207 after controlling for the other variables
in the model. Thus, between 1987 and 1995 the average Delavan Lake property experi-
enced an increase of about $49,000 attributable to lake restoration. In contrast, Lake
Beulah and Lauderdale Lakes experienced about a one-foot increase in clarity and thus an
approximate $5,000 increase in valuation per house attributable to changes in water
clarity. Note again that these point estimates for the value of water clarity are derived

¥ We note that even with time and lake fixed effects it is still possible that some omitted
characteristics are correlated with water quality. Thus, the coefficient for water quality may be
biased upward because of the potential correlation with other quality improvements over time.
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TABLE 5

Hedonic Equation (3): Value of Land Plus Dwelling Regressed on
Lake Water Clarity and Other Variables
Regression Results with correction for heteroskedasticity-consistent standard errors.
Dependent variable is the combined value of land plus improvements (dwelling).

Variable Coefficient t-statistic
Intercept -$173,583 -4 81***
Waterclar $5,207 2.34%*
Time1995 $70,526 6.54%**
Time2003 $140,059 11.12%**
Delavan Lake Community Indicator $50,123 2.93%**
Lauderdale Lakes Community Indicator $20,657 0.56
Lake Buelah Community Indicator $205,714 10.46%**
Basement Square Feet $51 5.09%:%*
Natural Fireplace (1 if yes) $50,624 4,98%**
Attached Garage Square Feet -$15 -0.71
Central Air (1 if yes) -$4,726 -0.52
Number of Bathrooms $42.227 4.27%%*
Number of Bedrooms -$2,887 -0.39
Living Area Square Feet $48 4,02

Adjusted R” = 0.602

Number of observations = 929, ***significant at the 1% level, **significant at the 5% level, *
significant at the 10% level

after controlling for unobserved factors of influence across the three communities and
three time periods of analysis.

5.4 Comparison of the Hedonic Results for Value of Water Clarity

It is useful to compare directly the results of hedonic equations (1) and (3) (Tables 2
and 5, respectively) in terms of the value of an additional foot of water clarity at Delavan
Lake. Inspection of Table 2 shows that the average increase in value from 1987 to 1995
of a property with Delavan Lake shoreline was $203,819 (= $261,406 — $57,587). Given
that there was an increase in water clarity (secchi depth) of 9.44 feet at Delavan Lake
over this time period (Table 4), this implies that the increase in the value of a Delavan
lakeshore property per foot of improvement in clarity was approximately $21,600. Note
that this is considerably larger than the estimate of $5,207 per foot of clarity that was
yielded by the hedonic equation (3) (Table 5).

Comparison of the results from Equations (1) and (3) illustrates the insight yielded by
including an explicit measure of water quality as a regressor in addition to a) time indi-
cator variables that “bracket” the cleanup event and b) community indicator variables that
allow for differential and unmeasured community effects on property values. At the same
time, it is not necessarily valid to assume that the water clarity coefficient from Equation
(3) yields a more correct point estimate of the value of the Delavan Lake rehabilitation
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than does the event history approach in Equation (1). This is because the Delavan Lake
rehabilitation led to an improvement in a larger bundle of lake attributes than solely water
clarity. Such attributes include the quality of the recreational fishing experience (game
species present, average fish size, expected catch rate, etc.), concentrations of non-point
source pollutants, lake odor, and so on. As a result, the larger suite of improvements in
attributes produced by the rehabilitation project may be reflected in Equation (1) by the
estimated coefficients of not only the water clarity variable, but also the time indicator
variables. It is not feasible to determine the ways in which the impacts of the total suite of
improvements are split among these various coefficients.

Due to the above considerations, it is reasonable to postulate that the estimated
coefficient for the water clarity variable in (3) ($5,207 per foot of improvement in clarity)
indicates a “lower” estimate for the range of true property value benefits of the lake reha-
bilitation project. In the same way, it is reasonable to view the estimate resulting from the
event history approach in (1) ($21,600 per foot of improvement in clarity) as a “higher”
estimate of the property value benefits. In the next section, we conclude by discussing
briefly the implications of the results for property values and taxes in the Delavan Lake
community.

It is also important to recognize that property other than lakeshore property is likely
positively affected by the rehabilitation event. For example, non-riparian properties with
private lake access may have experienced an increase in property values. Similarly, other
nearby non-riparian properties may have also increased in value simply because of close
proximity and accessibility of the lake via the public access points. Commercial proper-
ties may also have increased in value as a result of the rehabilitation. Thus, our analysis
measures one of several components of the economic impact of the lake rehabilitation
and therefore does not necessarily reflect the total impact of the lake rehabilitation to the
community.

6. CONCLUSIONS

This research uses hedonic analysis to evaluate the effect of the Delavan Lake
restoration project on property values. Our analysis shows that this event produced finan-
cial benefits to the homeowners in the years following the lake restoration. Shoreline
properties located on Lake Beulah and the Lauderdale Lakes appreciated by 148 percent
between 1987 and 2003. Our analysis demonstrates that the above market returns on
Delavan Lake properties are attributable to the lake restoration project.” Without it, this
analysis suggests that forces would have led to a market appreciation of 148 percent

? We acknowledge that it is possible that some other factor is causing the relatively higher increase
in Delavan Lake property valuation over the 1987-1995 period. However, discussions with resi-
dents and real estate agents familiar with the Delavan market did not reveal other possible causes.
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instead of the actual 273 percent appreciation.'’ In that event, shoreline lots on Delavan
Lake would have appreciated from $78,848 to $117,367 rather than the actual apprecia-
tion to $294,185. As a result, there was a windfall return of $176,818 for the owner of an
average Delavan Lake property. In 2004, there were 565 homes with shoreline on
Delavan Lake. This translates into an aggregate increase in valuation of over $99 million.
This is a contribution to the real wealth of Walworth County, Wisconsin, and it is impor-
tant to note that this also results in a redistribution of property tax burden within the
community.

In 2003, the equalized value of all property in the town of Delavan was $702 million,
which generated $1,843,273 in township property tax revenues. Assuming that the town-
ship operates efficiently and there are no areas in which to trim the budget, in the absence
of the $99 million increase in valuation attributable to lake restoration, property tax rates
would have been higher than they are. In this hypothetical scenario, the off-lake proper-
ties experience a reduction in property taxes of 14 percent. Of course, this effect repeats
itself at the county and school district levels.'' In aggregate, the estimated mil rate
applied to an “off-lake” property in the town of Delavan would have been $0.89 higher
had the restoration project not occurred, which for a $200,000 home generates a tax
saving of $178."

As with any empirical analysis, hedonic studies are vulnerable to the potential for
omitted variable bias. However, there is a theoretical link between property values and
changing environmental amenities. Together, the theory and empirical evidence consti-
tute a prima facie case for the hypothesis that changing lake water quality influenced
shoreline values on Delavan Lake. In this study, the lake rehabilitation event at Delavan
Lake caused a substantial increase in water quality that appears to have resulted in a sig-
nificant increase in shoreline property values. This conclusion is robust in the sense that it
continues to hold after controlling for unmeasured, underlying factors that vary across
both time and the communities studied.

Most of the funding of the lake rehabilitation was provided by federal and state
grants. While the community as a whole clearly benefited from the rehabilitation event,
our results show that in fact the primary beneficiaries were the lakeshore property
owners. One could therefore argue that the property owners ought to have shared in
funding the cost of the project in proportion to their benefits. The Delavan Lake Sanitary

' In the numerical illustration that follows, we use the property value impact estimate derived
from this article’s event history approach (Eqation (1)). Use of the lower estimate derived from the
water clarity equation (3) would change (lower) the results of the numerical illustration but would
not alter the general findings.

" Conceptually, we could also make similar calculations for the Delavan Lake Sanitary District.
However, since the sanitary district primarily services residents on and around Delavan Lake, it
seemed inappropriate to include it in this portion of the analysis.

12 This analysis excludes any reduction in the State of Wisconsin and the Vocation Technical
College portion of the property tax, although it is notable that if portions were to be included, the
tax saving estimate would be slightly higher.
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District could feasibly have accomplished this by imposing a special assessment on lake-
shore property owners to recover project expenditures. However, one challenge is identi-
fying what proportion of the project cost ought to have been funded by those who
received a direct benefit. Identifying this proportion is further complicated by the uncer-
tainty of the outcome: at the time of project implementation, it was unclear as to whether
the lake rehabilitation effort would be successful.

Finally, although the evidence presented in this article indicates that the rehabilitation
event had significant positive economic effects for the Delavan community, it does not
follow that a similar rehabilitation effort on another lake would necessarily result in the
same outcome. In our assessment three critical components must be present in order for
other lake communities considering a lake rehabilitation investment to experience a
similar outcome: 1) the lake must have experienced significant degradation; 2) the
rehabilitation event must result in observable improvements in water quality; and 3) there
must be the presence of potential buyers within the community or nearby market (i.e.,
Chicagoland).
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