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Abstract

While both the ecological and aesthetic impactsonfie common invasive species such as water milfoll
are universally negative, it less clear how propewners might view zebra mussel infestations. An
invasive species, zebra mussels negatively affeckocal ecology, crowd out some native species, an
deposit sharp shells on beaches. However, zebrsafsumre also associated with increased watetyglari
a reduction in suspended pollutants, and increasetbers of popular game fish, making this an
empirical question. We use a hedonic model to edgérthe impact of zebra mussel and water milfoil
infestations on lakefront property prices in 17 mdes in North Central Wisconsin £1072). We find a
statistically significant, negative associationviietn sales price and milfoil infestations thatdasistent
with previous studies. In contrast, zebra musdektations are associated with higher propertyssale
prices; this finding is robust to model specifioas. The results suggest that generating compliaitbe
containment and mitigation strategies may be diffias lake users do not perceive a cost to zebsseh
infestation.
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Effects of Aquatic I nvasive Species on Home Prices: Evidence from Wisconsin

1. Introduction

As our understanding of the ecological impacihegisive species improves, the small
number of studies estimating the economic impaat\wdsions remains surprising. Pimental et
al. (2001) estimated the global cost of invasivecsgs at $1.4 trillion. In the United States, the
estimated economic cost, including direct contodts as well as welfare and production losses,
amounts to over $120 billion annually (Pimentahlet2005). Most of these studies focus on
measuring the direct cost of invasive species orc@ture, forestry, and aquatic production, as
well as the costs of containment and preventiatesgies; however, these strategies often require
significant modifications in user behavior and reeadditional welfare costs. Hedonic price
models offer a logical strategy to assess thesgi@ual costs in cases of pollution or pollution
abatement, sea level rise, beach quality and eveoranoise. And while some studies have
used hedonic models to examine the impact of ineagpecies such as watermilfoil (Horsch and
Lewis, 2009; Zhang and Boyle, 2010), none haveess#tDreissena polymorph@ebra
mussels) despite significant national concern iiggrtheir spread.

Native to Eastern and Central Europe, zebra musssie first detected in 1988 in Lake
St. Clair near Detroit, Michigan. It took barelyanty years for zebra mussels to spread to more
than thirty states, engendering ecological cont@rhabitats as diverse as Lake Okeechobee in
Florida (Adams, 2010) to the Great Lakes in themoentral United States (Timar, 2008). Zebra
mussels are associated with significant environalehsturbances: they alter ecosystems by
crowding out native species and by increasing wageity, which in turn negatively affects

some native fish species such as sturgeon andKkmixs, 2001; Strayer, 2004; McCabe, 2006).



Other species adversely affected by zebra mussetb@se that either compete with zebra
mussels for food directly, or whose food sourcesmete with zebra mussels in this manner. For
example, declines have been observed in populatibAmerican shad, a planktivorous species,
in some regions invaded by zebra mussels (Stragéd).

In addition to the ecological harm, zebra musasdsassociated with millions of dollars
in direct annual costs (Timar and Phaneuf, 20080pr& mussels inhibit the functioning of intake
pipes, cooling systems and other permanent subthetsectures, although the cost estimates
vary greatly. A 1993 report prepared for Congresthe Office of Technology Assessment
estimated $3.1 billion over a ten year period, whsrKhalanski (1997) predicts a cost of $5
billion per year. Zebra mussels affect lakefrorgarty owners, as they deposit sharp shells
along beaches and increase maintenance and coogtasts for property owners and boaters.
A survey of recreational boaters on Lake Erie c#edrage annual costs of $94 for protective
paints and $171 in maintenance fees (Vilaplana4),9®t including fines for failing to comply
with containment rules.

Designing policies to slow or halt the spread dfraemussels have become a priority for
state-level departments of natural resources dsawéhke managers. Studies of boater behavior
suggest that behavioral adjustments, includingigeeof hot wash stations, can help contain the
spread. However, most control mechanisms requbrstaantial changes in behavior (Adams and
Lee, 2012; Timar and Phaneuf, 2009). To convinceeegional boaters and lakefront home
owners to modify their lake-use habits, it is there important to develop accurate estimates of
the costs as perceived by lakefront property owasra first step to designing response
strategies. This study contributes to the liteathrough the use of a hedonic model to estimate

the empirical impact zebra mussels have on lakefimperty prices. Such estimates are also



highly useful to policy makers constructing coshéf analyses of containment or mitigation

strategies.

2. Literature Review

Previous research on zebra mussels has focuseglingpduman-induced spread (Timar
and Phaneuf, 2009), predicting contaminations (T2088), and optimal mitigation strategies
(Adams and Lee 2012). However, containment andyatibn strategies for invasive species
such as zebra mussels are costly and often regjgmdicant changes in behavior and practice
(Eiswerth, Yen and van Kooten, 2011). Thus, suchpzagns may be more effective if
recreational lake users perceive direct costsamselves.

In hedonic pricing models, the implicit values samers place on the individual features
of a property can be identified by regressionsatés price on the various characteristics of the
product (Rosen, 1974). In housing models, theseachexistics generally include the features of
the house and of the land, as well as additiorzation and environmental characteristics. In an
estimated model, the slope coefficient on a padrctharacteristic such as an aquatic species
infestation, represents the marginal willingnespag. Hedonic models are commonly used to
assess legislated or other land-use policy chagdbe model allows researchers to isolate the
effect of the policy variable on housing pricesi] &ience estimate the additional value or penalty
as perceived by consumers. Only a handful of ssutiéye attempted to use hedonic price
models to estimate the impact of an invasive spdgtialstead et al., 2003; Horsch and Lewis,
2009; Zhang and Boyle, 2010). While there are glemnumber of limits to hedonic pricing

models in generating welfare estimates for enviremia policy changes, these models can



provide useful empirical evidence of whether constgwalue a particular environmental
amenity or disamenity (Leggett and Bockstael, 2000)

This may be especially the case for zebra mussbkse the ecological and scientific
evidence does not convincingly tell us whetheritivasive species should be perceived as a
good or a bad by lakefront homeowners. One exgtamé&r the absence of hedonic studies of
zebra mussels has to do with the nature of theggdsathat zebra mussels engender in their
environment. Aesthetically, while zebra musselsease water clarity, they also encrust partially
submerged structures such as piers in an unattedetyer of zebra mussels. For fishermen they
disadvantage some unpopular species, such asmalp encouraging more popular species
such as smallmouth bass (Strayer, 2004). Howevey, dlso impede the feeding habits of lake
sturgeon, around which an entire seasonal tounsiusiry has developed in some areas of
Wisconsin (McCabe, 2006). For swimmers, they desardélae concentration of suspended
pollutants in the water column through biosequésinayielding cleaner water. However, the
sharp shells of zebra mussels can marr beacheseH#espite consistently negative publicity, it
is not clear that lakefront homeowners would nesxégsplace an implicitly negative value on
zebra mussel infestation.

A second explanation for the scarcity of estimatethe impact of zebra mussels on
lakefront property values lies in the assumptioasessary for hedonic pricing models. These
models rely on the assumption that all propertgsakcur in the same housing market and
hence prices represent the market equilibrium pdoeditional on house and land
characteristics. Properties located on a single Veduld constitute a single housing market, but
would not evidence variation in infestation statagestation status varies across lakes, but these

lakes may not exist in the same property maiKeitience, researchers face a difficult task



appropriately identifying the market. And in faeg agreed upon theoretical tests of market
boundaries exists. Additional issues with hedomicipg models have been extensively
discussed (Leggett and Bockstael, 2000; HorschLamds, 2009). These include the absence of
a theoretical basis for the functional form of thedel and difficulties with omitted variable bias

(Palmquist, 1992).

3. Methods and Data
3.1 Defining the Market

North Central Wisconsin’s reputation as a vacatiestination as well as its proximity to
metropolitan areas Madison, Milwaukee, Chicago itheapolis help identify the region as a
large but well-defined market, appropriate to usa aase study region (see Figure 1). Unlike
previous hedonic studies of invasive species thag mestricted their analysis to small areas
(Horsch and Lewis, 2009; Zhang and Boyle, 2010)avgeie that the housing market is neither
county- nor lake-specific, but rather regionallgdsed and should be analyzed as such. Chi and
Marcouiller (2012), in their study of recreatiom&mes in north central Wisconsin, examine the
same region. These counties represent a “contig@maste rural region” with most counties
nonadjacent to a significant urban center; thesmties are classified as “recreational” and are
likely to include substantial numbers of second ésrfChi and Marcouiller 2012, 49). For our
purposes, by choosing to purchase lakefront prgpethis area, owners have self-selected for
an interest in water recreational activities. Ferttby indicating a premium on lake use, these
buyers are likely sensitive to invasive speciesstdtions; unlike disamenties such as water
pollution, which can be difficult for property owmrseto discern, the infestation status of lakes are

well known to owners and potential buyers.



In the absence of specific tests of market definitire rely on an empirical examinati
of the North Central Wisconsin housing market. &{amine three definitions of the region. 1
first is that defined by the Wisconsin Departmenti@nsportation (hereafter, this region will
referred to as North Cead DoT) and includel? counties, with a total df167 property sales
between July 2009 aridecember 201.[2] This area would be conventionally understood
specific region with an emphasis on recreatioria lasage. Paimqu (1992) suggests focusit
on relatively smaller regions when possible, thus also consider a subset of these counties
self identify andmarket themselves North Central Wisconsin under the North Cen
International Trade, Business and EconoDevelopment Council (hereafter North Cen
ITBEC), including 10 counties and 96roperty sales. As a counter control, we also cansy
wider definition of North Central Wisconsin, whieahe the 17 counties identified by t
Wisconsin Department of Tmaportation and all contiguous counties (a tot@2tounties)
with 1435 sales of lakefront properties during period of investigation (this region will

referred to as North Central Contiguo

Figure 1. Map of North Central Wisconsin
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Zhang and Boyle (2010) attempt to define a propmdyket by looking at the similarity
of price movements on five different lakes. Thendfhighly similar movements between three
lakes, but that one behaves noticeably differebily,for geographic reasons they include it in
their sample. We cannot take the same approachigecd the time period captured in our data;
any local differences in price variations acrossnties or lakes would be swamped by national
macroeconomic trends driving housing prices follogvihe housing bubble of 2008. Thus,
instead, we look to define the region by examinhmgdistributions of property values across
different groupings of counties. Figure 2 providedot plot of property sales prices for the three
regions defined. It is apparent that the distrilmutdf property sales prices is highly similar for
North Central DoT and North Central ITBEC and ldydaut not entirely consistent with the

larger area, including contiguous counties to N&@#émtral DoT.

Figure 2. Dot Plot of Lakefront Property Sales Prices by Region Definition
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Similarly, Figure 3 presents a probability plotté distribution of property sales prices in the

three regions. It is apparent that the distrimgiare highly similar, which is suggestive of a

single property market.

Figure 3. Probability Plot of L akefront Property Sales Prices by Region Definition
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3.2 Measuring Invasive Species

While our primary interest lies in obtaining animsite of the relationship between zebra
mussel infestation and property sales price, reddercoefficient estimates on the impact of
another invasive species would lend credence todhdity of our estimates for zebra mussels.
We choose to look aflyriophyllum spicatumor Eurasian watermilfoil, which is a freshwater

plant species nonnative to North America. Milf@tsads rapidly and thrives in a range of



temperatures and environmental conditions, allowtibg out-compete many native species,
reducing biodiversity. Milfoil's presence can inhliitecreational lake usage, negatively affecting
boating, swimming, and fishing. Additionally, milf@resence can impose direct costs on
lakefront property owners through higher lake asgmn fees to keep boat channels open as
well as to pay for herbicides and/or the harvestihgnilfoil. Milfoil has the same transmission
mechanism as zebra mussels, being primarily sgngadnsient recreational boating (Timar and
Phaneuf, 2009). Several studies have looked afrtpact of a milfoil infestation on property
values, giving us some guidance for constructinget®to understand zebra mussel infestations.
Halstead et al. (2003) report that a milfoil in&ggin is associated with a 20 to 40% decline in
property values. Study design flaws and small saragze make these results suspect. Horsch
and Lewis (2009) associate milfoil infestation wath 8 to 13% decrease in property values in
Vilas County, Wisconsin. Zhang and Boyle (2010)uarthat with the inclusion of a measure of
the extent of a milfoil infestation, a more precestimate of the impact on property values may
be obtained. The construct a coverage scale basddta from the Vermont Department of
Environmental Conservation. Their results indightg while milfoil growth does not decrease
house prices by itself, excessive aquatic plantvtiroto which milfoil substantially contributes,
decreases house prices by 0 to 16%.

While some previous hedonic studies of environiaetisamenities have attempted to
measure the extent of the “bad”, measuring thenéxtiea zebra mussel infestation is highly
problematic.[3] Although tests exist to detect pnesence of veligers, the larval form of zebra
mussels, in water samples, measuring their coratgrirmay not provide an accurate
representation of the number or concentration aftadussels. Visual monitoring techniques are

ineffective for a species which primarily inhahtite lake bed. These problems lead to
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inconsistencies in reporting and measurement by\iseonsin Department of Natural
Resources and mean that the data are too imptedseuseful. Additionally we argue that
uninformed buyers may be less sensitive to thenextiean infestation than whether the lake is
infested or not.[4] This is additionally appropediecause the extent and visibility of milfoil or
zebra mussels can vary significantly between lakeksacross time periods, both being almost
entirely unobservable over the winter months. Tinesargue that the use of an indicator
variable is most appropriate.

To assess the impact of aquatic invasions, wether choose to use a dummy variable
to indicate the presence of the invasive speciésihand zebra mussels. The prevalence of
infestation varies depending upon the definitiomairket area. Of the lakes in our sample,
between 5.8% and 14.5% are infested with zebraefs)ssccording to the Wisconsin

Department of Natural Resources; an additional®2®44.7% are infested with milfolil.

3.3 The Model

One complicating factor of hedonic models is thsrigtle theoretical basis to drive the
functional form of the estimation equation. This l@en extensively grappled with in the
literature; the general consensus is that simpleng perform as well or better as more complex
variations, with the additional advantage of prawidmore intuitive relationships and
explanations (Cropper, Deck, and McConnell, 1988jdett and Bockstael, 2000). Following
the common strategy in literature, we adopt a igation where the dependent variable is the
natural log of real sales price in 2011 dollars entipendent variables are logged or
untransformed depending on the type and measureshdm variableRrice); see Equation 1.

While hedonic models are often interested in th&atsg the effect of a policy change or
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environmental amenity or disamenity, a number dliteahal explanatory variables are generally
included to capture the main factors that influepigerty values. Depending on the question of
interest, previous studies have included relativetye or less information on the quality of the
housing structure on the property. Because thesfo€this paper is not on the values placed on
specific structural attributes such as square @gota the number of bathrooms, we use the
natural log of assessed improvements as a meaktre walue of the structures on a property
(Improve). In Wisconsin, the assessed value of improvemsrdbtained through on-site
inspection, with the value of the improvements carmeg to those observed in similar structures.
Leggett and Bockstael (2000) use the same appindbkir hedonic study of the impact of

water pollution on property values.

Property characteristics also have a significafii€énce on price. As is typical, we
include the measures of acreagereage), lake-frontage frontage) and the natural log of
assessed land valueafnd). The latter not only captures additional featuheg might be found
attractive in a parcel of land, but in Wisconsiisialso meant to measure neighborhood quality.
The Wisconsin Property Assessment Manual directssaors to identify a neighborhood by
discrete boundaries and then include physical, @oir) governmental, and social factors in the
valuation of properties within that neighborhoodsAssed land value therefore contributes a
measure of neighborhood value which incorporatesncon hedonic measures such as
proximity to the nearest town and neighborhood atiesn(\Wisconsin Property Assessment
Manual, 2011, pp. 7-13).

Environmental and lake characteristics are medduwyehe following features: lake area
(Lake Acreagg, whether the lake has been endorsed for fistimgldrse¢), Secchi depth

(Secch), a measure of water clarity, and whether the fesean improved boat launch
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(Improveg). Dummy variables indicating a lake infestatiortheg time of sale are included for
zebra musselsZgbra) and for milfoil (Milfoil ;). Also measured is the extent of neighboring
infestations, calculated as the percentage of lmifested in the same coun®6Zebra and
%Milfoil;). For buyers seeking to purchase a lakefront h@maeimity to other infested lakes
increases the likelihood of your lake becomingside. These infestations may also diminish
recreational options in the area. Conversely, a®rbthe alternatives become infested, this
may reduce the perceived cost of an infested lake.

We include an indicator variable for the countiresur model County), which subsumes
county-level differences in property tax rates,imgnand other land regulations. Other county-
level variables such as median income, county @jaul, and tax ratio for the property were
collected, but not found to be statistically sigrahtly related to lakefront property values.
Hence, they were not included in the regressiopsrted here. Dummy variables indicating the
year of property sales is our remaining explanataryable { ear), while u; represents the error

term.

In(Price) = Po + BaInImprove + BoinLand + BsAcreage+ PsFront + BsLakeAcreaget [1]
BsEndorse¢ght B;Secchi+ Bgimprove + BoZebra + BioMilfoil ; + B1:%Zebra +

B1.%Milfoil; + B1sCounty+ BisYear + u.

Hedonic pricing models often suffer from the ecoetio problem of endogeneity. Zebra
mussels are spread by contaminated boats or @bteational vehicles moving between bodies
of water. Higher demand lakes — lakes with feattlmtasmake it attractive for recreational use or

lakes closer to population centers — are moreyliteebecome infested. Simultaneously, these
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same lakes tend to evidence higher property vaRresious studies have grappled with
endogeneity in different ways. Horsch and Lewi0@0employ a difference-in-difference
methodology, whereas Zhang and Boyle (2010) utiike fixed effects. We attempt to address
the endogeneity inherent in invasive species maddlzee ways. First, we use milfoil
infestation status as a control for zebra musgestation. Second, the presence of an improved
ramp, indicates that the lake receives a high velofboat traffic, which means that it is a
popular destination, suggesting it may be mordyike become infested. Third, we attempt
control for endogeneity by exploiting the methode$essing land value in Wisconsin as a way

to get a measure of neighborhood characteristics.

3.3 The Data

Data used for this study were collected from theddinsin Integrated Property
Assessment System, the Wisconsin Department ofr&ld®esources lake database, and county-
level assessment and Geographic Information Sydsgen Secchi depth estimates, a measure of
water transparency, are from the University of Wisin lake survey project, available at

Lakesat.org. Summary statistics for each of theetlmarket definitions are reported in Figure 4.

Figure4. Summary Statistics by Mar ket Definition

Variables Mean or Frequency
(Standard Deviation)
North Central North Central North Central
DoT ITBEC Contiguous
Sales Price** 303,489 300,182 296,049
(219,587) (188,029) (210,326)
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Acreage 1.87 2.09 1.77
(7.24) (8.00) (6.77)
Lake Frontage in Feet 160.71 167.72 155.47
(157.28) (157.25) (151.84)
Assessed Land 166,282 165,247 159,508
Value** (151,273) (119,234) (143,063)
Assessed 141,406 140,202 138,156
Improvements** (116,216) (112,556) (112,389)
Secchi Depth 9.56 9.87 8.95
(5.09) (4.95) (5.23)
Lake Endorsed for 57.14% 54.33% 57.98
Fishing[5]
Lake Acreage 1127.43 849.70 3697.08
(2143.99) (1305.06) (17437.16)[6]
Improved Lake Access 57.8% 54.6% 62.2%
Zebra Mussel 9.4% 5.8% 14.5%
Infestation
Percentage of Lakes in 4.6% 2.9% 3.7%
County that are
Infested with Zebra
Mussels
Milfoil Infestation 40.5% 32.9% 44.7%
Percentage of Lakes in 32.0% 23.6% 35.9%
County that are
Infested with Milfoil
Number of 1167 969 1435
Observations
Number of Counties 17 10 32
Number of Lakes 413 364 490

* A variety of other data were collected, includileggth of milfoil infestation and property tax eat but these were
found to have no statistically significant relasbip to property sales price.
** All monetary variables are measured in 2011 all

4. Data Analysis

As discussed, the two primary methodologicaléssassociated with using a hedonic
model to study the impact of invasive species amsb@rices are the endogeneity problem and
appropriately defining the housing market. While lveeve taken steps to address these issues at

the model level, we also consider several differegtession specifications in an attempt to tease
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out any unaccounted for effects. Note that county/ygear fixed effectare used to ensure that
differences in sales prices across counties tledtirme-invariant and differences in sales prices
across time that are common in all counties witllmas estimates. In addition, we cluster by
municipality to correct for the non-independencelo$ervations from the same municipality;
this simultaneously generates heteroskedastic tobsislts. Our estimation results are presented
in Figure 5 for North Central DoT.

While our primary interest lies in obtaining anieate of the relationship between zebra
mussel infestation and property sales price, theaeableness of coefficient estimates on other
explanatory variables support the validity of ostimates of the effects of invasive species.
Hence we consider three specifications of our Gds® model: the first includes a dummy
variable indicating whether a property is on a lakested with zebra mussels as well as a
variable indicating the proportion of lakes in tteinty infested with zebra mussels. The second
specification includes a dummy variable indicatngilfoil infestation along with a variable
indicating the extent of local milfoil infestatianeasured as the proportion of lakes in the county
infested with milfoil; the third includes both meass for zebra mussels and milfoil. The
advantage of this approach is that several reliaslienates of the impact of milfoil exist (Zhang
and Boyle, 2010; Horsch and Lewis, 2009), allowitsgo compare our model performance for

milfoil against these results.
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Figure5. Estimation Resultsfor North Central DoT, Dependent Variableisthe In(Sales

Price)
ZebraMussels (1) Milfoil (2) ZebraMusselsand
Milfoil (3)
In(Assessed Land 0.370 0.381 0.375
Value) (0.027)*** (0.028)*** (0.027)***
In(Assessed 0.406 0.407 0.406
Improvements Value (0.021)*** (0.022)*** (0.022)***
Acreage 0.002 0.001 0.001
(0.0007)** (0.0007)* (0.0007)**
Frontage -0.0001 -0.0001 -0.0001
(0.0001) (0.0001) (0.0001)
In(Secchi Depth) 0.063 0.065 0.057
(0.023)*** (0.021)*** (0.022)***
Lake Endorsed for 0.076 0.082 0.082
Fishing (0.024)*** (0.024)*** (0.024)***
Lake Acreage in 0.007 0.010 0.007
1000s (0.006) (0.006)* (0.006)
Improved Boat 0.021 0.023 0.022
Access (0.024) (0.024) (0.024)
Zebra Mussel 0.100 -- 0.103
Infestation (0.050)** (0.051)**
Proportion of Lakes ir -0.013 -- -0.011
County Infested with (0.010) (0.009)
Zebra Mussels
Milfoil Infestation -- -0.045 -0.048
(0.029) (0.029)*
Proportion of Lakes ir -- -0.011 -0.007
County Infested with (0.014) (0.010)
Milfoil
Year 2009 0.101 0.095 0.093
(0.037)*** (0.037)*** (0.038)**
Year 2010 0.082 0.074 0.077
(0.020)*** (0.021)*** (0.021)***
Constant 3.176 3.195 3.241
(0.275)*** (0.332)*** (0.331)***
N, R-squared 1072, 0.7531 1072, 0.7527 1072, 0.7540

Coefficients for county dummy variables are notluded to save space. They are available upon refoes the
authors. Note that * indicates significance at1bé6 level, ** at the 5% level, and *** at the 1%vkd. Standard

errors are in parentheses.
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As expected, in Regressions 1through 3, hous@raperty characteristics such as
assessed land value, assessed improvements vale@ge, and water clarity (measured as
Secchi depth), all contribute positively and stat#ly significantly to sales price in all
specifications.[7] Houses on lakes endorsed fhirfig command an additional premium of 7.6%
to 8.2% of sales pricg(< 0.01). These results are highly robust to spetibn and estimation
procedure and are consistent with previous estsnae do not find a statistically significant
relationship between property sales price anditeeds the lake, measured in thousands of
acres, nor whether a lake has an improved boatlaanaccess. We retain both variables as they
contribute to the overall predictive power of thedal and help us to control for endogeneity
issues associated with the spread of invasive epeci

The ecological literature suggests that zebra elsigenerate both positive and negative
effects on their environment, when viewed fromplespective of property owners. In fact, as
reported in Regression 1 in Figure 5, we find #edira mussel infestations are associated with a
10% increase in property valugs< 0.048). This runs counter to popular press tappthat
claims infestations lower property values, thougrempirical studies have actually documented
this. The negative perception of zebra mussels itiglbetter captured by our measure of the
proportion of lakes in the same county that arestéd with zebra mussels. Here we see that as
the proportion of infested lakes in a county riggd%, other factors remaining constant, we
expect property sales prices to decline by 1.4% 0.211). One possible explanation may be
that the visible effects of an infestation (cleasater, more high-value fishing) outweigh the
negative perception of an infestation.

A second possible explanation is that we havedaib accurately control for the fact that

higher demand lakes are more likely to become faeéeand simultaneously these lakes evidence
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higher property values. However, controlling folfoil infestation status bring us some ways to
addressing this issue. Milfoil has had a much lomgsidency in Wisconsin as an invasive
species, with some infestations dating back tdl8&90s. In contrast, zebra mussels were first
documented in the late 1990s. Hence, we would éxpathigh demand lakes had been infested
first by milfoil. In Regression 2, considering orthe impact of a milfoil infestation, we estimate
that such an infestation is associated with a 48&tine in property sales pricgs<£ 0.124), a
value consistent with those estimated by HorschlLawds (2009) and Zhang and Boyle (2010),
whose estimates range between 0 and 16%. Addiljpma note that as the proportion of
infested lakes in the county increases, propefdies an additional penalty, though the
association is not statistically significant. Thessults suggest that we have appropriately
captured the impact of milfoil infestations on pedy values.

In Regression 3, we see that zebra mussel inf@statassociated with a 10.3% increase
in property sales pricgE 0.047), even when milfoil infestation statusesounted for. Yet,
milfoil continues to have a negative and statidifcsignificant impact on price. People clearly
view milfoil as a disamenity, but not zebra muss®le note that regressions including various
interactions between zebra mussels and milfolyelas interactions between infestation-status
and the length of an infestation, fail to uncovey atatistically significant relationships. These
results are available upon request from the authors

We investigate a third possible explanation fer plositive and statistically significant
coefficient on zebra mussels — that of a mis-spetiproperty market. In Figure 6, we consider
two additional definitions of the property marketNlorth Central Wisconsin. In the first, we
restrict our analysis to the subgroup of 10 countiet self-identify as North Central ITBEC. In

the second, we consider the standard charactermzafiNorth Central DoT but include, in
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addition, all contiguous counties to this regioheThird and fourth specifications limit our
analysis to subgroups of contiguous counties thag higher concentrations of zebra mussels
than the region as a whole. Note that these cauatenot in the North Central DoT region
proper, but are contiguous to the North Central Bedion. We speculate that counties with
higher infestation rates may evidence greater geitygito an infestation than areas with lower
infestation rates. On the other hand, becauseeafltication, the lakefront properties in the third
and fourth specifications are much more likely éopoimary residences, and as a group, these
property owners may value different features. Nb& in the third and fourth specifications, we
include dummy variables for county, but do not @ifty control for the proportion of lakes in
the county infested due to the small sample of @ntogs and few counties, leading to a lack of

variation in the data.
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Figure 6. Estimatesfor Different Market Definitions, Dependent VariableisIn(Sales Price)

North Central North Adams, Shawano and
ITBEC Central Columbia, | Winnebago
Contiguous | Dodge, and | Counties
Green Lake
Counties
In(Assessed Land 0.338 0.379 0.356 0.325
Value) (0.031)*** (0.024)*** (0.060)*** (0.092)***
In(Assessed 0.389 0.400 0.396 0.419
Improvements Value) (0.023)*** (0.019)*** (0.058)*** (0.092)***
Acreage 0.001 0.001 0.020 -0.030
(0.0006)** (0.0007)** (0.044) (0.046)
Frontage -0.00004 -0.0001 -0.0007 0.0006
(0.00009) (0.001) (0.0001)*** (0.0003)*
In(Secchi Depth) 0.066 0.077 0.049 0.193
(0.027)* (0.021)*** (0.053) (0.062)***
Lake Endorsed for 0.092 0.088 -0.107 0.088
Fishing (0.025)*** (0.023)*** (0.162) (0.057)
Lake Acreage in 10005 0.026 0.00027 0.021 0.00007
(0.001)** (0.0005) (0.0006)*** (0.00007)
Improved Boat Access 0.042 0.028 0.199 -0.103
(0.023)* (0.023) (0.091)** (0.086)
Zebra Mussel -0.054 0.115 0.002 0.041
Infestation (0.046) (0.042)*** (0.072) (0.053)
Proportion of Lakes in 0.016 -0.012 -- --
County Infested with (0.015) (0.010)
Zebra Mussels
Milfoil Infestation -0.047 -0.024 0.127 -0.085
(0.030) (0.027) (0.162) (0.086)
Proportion of Lakes in -0.004 0.0009 -- --
County Infested with (0.012) (0.001)
Milfoil
Year 2009 0.112 0.107 0.093 0.035
(0.047)** 0.034)*** (0.077) (0.116)
Year 2010 0.104 0.08(0.020)*** 0.054 0.122
(0.022)%** (0.054) (0.073)
Constant 3.736 3.018 3.284 3.511
(0.391)%** (0.255)*** (0.609)*** (1.032)***
N, R-squared 894, 0.7055 1307, 0.7282 105, 0.8932 , 0.9807

Coefficients for county dummy variables are notuded to save space. They are available upon reffoes the
authors. Note that * indicates significance at1béo level, ** at the 5% level, and *** at the 1%vkd. Standard
errors are in parentheses.
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Compared to the regressions reported in FiguveeSee that restricting our analysis to
the North Central ITBEC or expanding our regiofinidude counties contiguous to the North
Central DoT has little impact on our base-modahestes. Assessed land and assessed property
values are positively and significantly associatth property sales price, as is acreage, water
clarity, and fishing endorsement. Milfoil continuesbe generally negatively associated with
sales price, though this is not a statisticallygigant relationship in any of the specificatiasfs
Figure 6. The exception is the third specificatidmere the estimated coefficient on milfoil is
positive; in this case, however, we cannot concthdéthe value is any different than zero.

We also find that the estimated coefficient onraghussels is generally positive. If we
examine our largest market definition of North GahWisconsin inclusive of its contiguous
counties, we find that a zebra mussel infestasamssociated with an 11.5% increase in sales (
= 0.005). Overall, we find that the coefficient nebra mussels is positive in five of the six
specifications and statistically significant ingbrof them, even after controlling for milfoil
infestations. Given our initial premise that iuisclear how property owners may view a zebra

mussel infestation, this result is not entirelypsising.

5. Conclusions

The absence of hedonic studies of zebra mussglspsising given the attention devoted
to the invasive species in the United States anmth@a One of the reasons for this absence may
be the confounding effects of zebra mussels om émironment. An infestation engenders both
visible positive and negative effects on a lakdarAenussels improve water clarity and sports
fishing while reducing suspended pollutants invla¢er. In contrast, zebra mussels also crowd

out some fish species important to the Wisconsinmirfig industry, notably sturgeon, and also
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deposit sharp shells along beaches. It therefarerbes an empirical question, whether lakefront
homeowners suffer from an infestation.

In spite of their uniformly negative reputationg Wnd no evidence that zebra mussels are
associated with decreased prices for lakefrontgntags, when examining the vacation region of
North Central Wisconsin, including more than 108Keffront property sales over two and a half
years. In fact, we generally find that an infestiatis associated with a statistically significant
increase in property value of about 10%, contrglfior property, lake and water characteristics.
While hedonic studies of environmental policieclaracteristics often suffer from specification
and endogeneity issues, as well as omitted varlabk that we generate coefficient estimates
consistent with previous studies for a second iweaspecies in our model, water milfoil, is
suggestive that we have accurately captured theriealpmpact of zebra mussels as well.

This finding has an important policy implicatiddince most mitigation and control
mechanisms require substantial changes in usevioehtne lack of a negative effect on
property values suggests that it might be diffitolgenerate substantial levels of compliance. If
lakefront home owners do not perceive a negatitecefrom zebra mussels, they are much less
likely to regularly practice hot boat washes orulady clean their boats, both of which are
inconvenient and engender significant opportunitsts. These results may also indicate that
mechanical or chemical control methods employethkg associations for invasive species such

as zebra mussels are unnecessary from a homeoensgeptive.
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[1] While the expansion of zebra mussels may sdéearaldynamic problem, several issues mean
that it is difficult to statistically treat it asish. First, expansion is limited by the availalibind
suitability of ecosystems that can support them; ®ot all lakes provide the appropriate
environment. The corollary is that the infestatroould spread much faster to popular lakes that
provide suitable habitats. What we see in the gataat observed infestations occur in waves. A
second issue is that Department of Natural Res@aaw®ling practices are highly inconsistent
and relies partly on random checks but more on lowmer reporting. So, while the true number
of infestations every year is likely not 0, andréfere not entirely static, the level of dynamism
or even the extent or direction of invasion in Wissin cannot be practically observed.

[2] The timeframe coincides with the launch of WWesconsin Integrated Property Assessment
System (IPAS), making the collection of cross cgutdta on property sales possible.

[3] Leggett and Bockstael (2000) use fecal colifmmunts as a measure of water pollution.
Zhang and Boyle (2010) attempt to measure the eitermerage) of a milfoil infestation in lakes

in Rutland County, Vermont.
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[4] Similar problems to those associated with zehussels confound Wisconsin DNR data on
milfoil. Additionally, the visibility of milfoil is significantly affected by weather conditions and
is unobservable between October and March in WEnpmeaning buyers during this period
cannot assess an infestation. They only knowaka is infested or not.

[5] We use the endorsement of the popular fishmdey Sportsman’s Connectioty represent
common knowledge about the fishing quality of aelak

[6] Region includes 25 properties on Lake Winnebhaguch has 131,939 surface acres.

[7] While we are suprised to find a negative cardint value on frontage, the size and the
significance of the estimated coefficient sugglksté is no relationship. We suspect this is
because our measure of assessed land value aineadyorates a value for frontage, and
regressions including frontage but not assessebialue indicate a positive and statistically

significant relationship
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