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Abstract This study estimates theesidential property value gains associated with
improvements in water clarity on 60 Northern Wisconakes. Using a twstage hedonic
model applid to Wisconsin DNR water clarity datand data associateavith 271
residential homesalesobtained from Zillomcom and unty property recordsWe
concludethat aone () meterimprovement in water clarity would producé&&090.871
$32171.12improvement in the market price of an averagsidentialproperty ona lake
within the study areaNe also conclude that iaddition to water clarity the main non
housing attributes that drive property value in the regiontteedocal tax rate and the
distance to a public airport.

Introduction

There exist a signifant number of lakes in NortheWisconsin that exhibit \ levels of

water clarity. It is also a webstablished fact that perceptions of water qualitgt water

clarity have a significant bearing upoesidentialproperty values.It is the case that an
improvement in water clarity on those lakes that curyamthibit low clarity would result

in a significant improvement in property values. (Not to mention a number of other
economic benefitd such as increased tourism.) Rising property values also means
increased property valuations angotentiallyi local andStateand local taxevenue. On

the other handimproving water clarity is not without costs. The matter is therefore a
balancing act: In cases where the economic benefits exceed the costs associated with water
clarity improvement there is a cleease to be made for said improveménts.

Vilas and Oneida Counties in Northern Wisconsin have, in total, well over 300 lakes that
are greater than 100 acres in area. The two counties are sparsely papthatezimajority

of residents living directlypn or very neaa lake. The region iglso distant from a metro
area. he nearest Wausau, WE- being roughly 62 miles away fro@neidaCounty and
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onehour drive timelt is safe to say thahé lake themselves, and theisure activities
associated wh them, constitute a major economic driver for the region. Should the lakes
not be properly maintained or damaged in some way it would result in significant economic
loss to the area.

With this study we seek to better understand the value incremesiylio be associated

with improvements in water clarityithin these two countiedrom this we are able to
estimatea significant part ofthe likely economic benefits to both the private and public
sectorassociated with improvements as well as the logsgsciated with deterioration of

t he | akleisarhepa that that this will produce better informed and economically
sound environmental remediation and an improvement in the already impressive natural
resources of the State.

Outline of the Work

The work presented here may be said todivéded intofour (4) parts. The first part
introduces the study areadgivesbrief history ofeach ofthe sixty (60) lakexhosen for

the study aredlIncluded within are drief presentation of each lakee the size, depth,
duration and method of monitoring, trophic state, remediation efforts, as well as the
average clarity reading in 2017 (or most recent year). These are included to give the reader
some idea about the lakes in study andptbtential cages for theiclarity levels

The second section of the work covers the literature in the field and a theoretical discussion
of the model used in this studhis section is included to give the interested reader an
idea about the work that has alreadseb done in this areas wellas a very brief
introduction to the type of modelsed to estimatéhe results. The third section is the
application of the ideas presented in the previous seclims. sectioncovess the data
sources all of which arepubilicly availableand free-- that were used to compile the
dataset We also present the working model developed including the rational for the
specific variables included as well as the challenges posed by the available (or lack thereof)
data.

The fourthportion of thestudy presents the study resulReaders who are primarily
interested in the study results may wish topumght to that sectio(pg. 30) In thissection

we cover the expected economic gains associated with improved water clarityrteatee p
sector (esidentialproperty prices)Specific improvement values agaven foreach of the

sixty lakes within the study area. Additionaltie data and formulae needed to calculate
the direct economic effects are giveUsing Anvil Lake in Vilas ©unty, WI
(Alphabetically the first lake in the study area) as an example we walk through how the
reader, policy maker, or property ownierusing our results- can reasonably easily
calculate the likely market price impact on their property or communaity fimprovement

(or reduction) in water clarity.

" Lake information is taken directly from the WisconBiepartment of Natural Resources
(DNR) (sources listed in text).



In the concluding section we review the two basic factors driving the marginal economic
benefits associated with improved water clarity. These are, in order of importance, the
existing level of clarity anthe distance to the nearest public airport, whtve believe

a rough proxy of distance to city amenities such as grocery stores, parks, and restaurants.
Our results show that property values improve with any improvement in water clarity on
any of the lakes in the study area. That said the improvemegatues (marginal change)

is greatest on those lakes that currently have low levels of clarity and far distance from the
nearest airport. In this way we provide a clear and straightforward method for
understanding the areas in which the economic bewrefitbe expected to be the greatest.

The Study Area

Initially, 40 lakes in North CentralWWisconsin were chosen for the studwis was later
increased to 60 lakes order to ensure sufficient samplingalso should be noted that a
severalof theinitial 40 lakes had to be dropped due to missing or insufficient @hts.
especiallylarge number of lakes were chosen to ensure that a statistically significant
number of properties could be obtained.

Sixteenof the lakes within the study areArrowhead Lake, Bass Lake, Big Arbor Lake,
Big Fork Lake, Big Portage Lake, Brandy Lake, Bridge Lake, Dog Lake, Lake Nokomis,
Lower Buckahbon Lake, Mercer Lak®neida Lake, Pioneer Lake, Pokegama Lake and
Rest Lake had to be dropped from the study tuenavailability or the lek of water
guality readings or a lack oécently sold properties informatioe then added number

of lakes includin@lue Lake, Buckskin Lake, Crawling Stone Lake, Fifth Lake, Flambeau
Lake, Kawaguesage Lake,ll&rney Lake Lake MinocqualLaurel Lake, Little Star Lake,
Maple Lake, McCormick Lake, Oscdenney Lake, Pickerel Lake, Spectacle Lake, Squaw
Lake, Squirrel Lake, and White Sand Lake to the list of lakes. From this final set of lakes
we were able to record data asisted with 318roperty saledt should be notethat an
unusually large number of properties had missing or erroneous data present on Zillow.com
as well as other property listing sité&here possible more accurate data was obtained
from County propertyecords, where it was not possible to do so the data was not used.
Future researchers should be wary of this problem and verify data with official sources.
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1 Hancock Lake 32 Squirrel Lake

2 OscarJenny Lake 33 Buckskin Lake

3 Squash Lake 34 Lost Lake

4 Pelican Lake 35 Big Saint Germain Lake
5 George Lake 36 Plum Lake

6 Crescent Lake 37 Towanda Lake

7 Boom Lake 38 Crawling Stone Lake
8 Fifth Lake 39 Flambeau Lake

9 Killarney Lake 40 Ike Walton Lake

10 Tomahawk Lake 41 White Sand Lake

11 Spirit Lake 42 Manitowish Lake

12 Planting Ground Lake 43 Little Star Lake

13 Big Lake 44 Presque Isle Lake
14 Sugar Camp Lake 45 South Turtle Lake
15 Long Lake 46 Papoose Lake

16 Deer Lake a7 Anvil Lake

17 Indian Lake 48 Catfish Lake

18 Big Stone Lake 49 Cranberry Lake

19 Island Lake 50 Kentuck Lake

20 Maple Lake 51 Spectacle Lake

21 Laurel Lake 52 Upper Buckatabon Lake
22 Virgin Lake 53 Black Oak Lake

23 Little Fork Lake 54 Scattering Rice Lake
24 Two Sisters Lake 55 Yellow Birch Lake
25 Tom Doyle Lake 56 South Twin Lake

26 Shishebogama Lake 57 North Twin Lake

27 Minocqua Lake 58 Otter Lake Lake

28 Kawaguesaga Lake 59 Snipe Lake

29 Pickerel Lake 60 Little Saint Germain
30 McCormick Lake Lake

31 Blue Lake

The study was finalizedith a larger number which are 60 lakes with 318 home properties
(271 properties when outlier properties are excluded) sold dilmngeriod January 2014
to June 2018The study set of lakes includes:



The Lakes

Hancock Lake (1.65 meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1517900

Hancock Lake in Oneida CountWisconsin has an area of 25&es and a maximum
depth of 22 feet. It has been nitoned by volunteers since 20@%ost recent readings were
taken by William Tischendorf and other data collectditse lake has not undergone any
remediation efforts.

Oscar-Jenny Lake (1.65 meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1009100

OscarJenny Lake in Oneida Countyisconsin has an area of 10dres and a maximum
depth of 24 feet. It I's monitored itgy vol unt
6moderately clearé. The | ake has not undergo

Virgin Lake (1.21 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1614100

Virgin Lake in Oneida County, Wisconsin has an aress@f&res and a maximum depth

of 31 feet.It has been monitored by volunteers since 88®bst recently by.ynn Zibill.

The | akebs water is reported as being 6émoder
remediation efforteind lost clarity over the period 2012017

Anvil Lake (3.6 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=968800

Anvil Lake in Vilas Caunty, Wisconsin has an area of 37%fes and a maximum depth of

32 feet. It has been monitored by volunteers since 1986st recently by Ingrid Stephan

and TimMeyer The | akebds water is reported as beir
undergone anremediation efforts.

Catfish Lake (1.38 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1603700

Catfish Lake in Vilas CountyWisconsin has an area of 978es and a maximum depth

of 30 feet. It has been monitorby volunteers from 1998 recently by Dan Cibulkarhe

|l akedbs water is reported as being o0l ow clari
efforts to improve clarity.

Cranberry Lake (1.3 Meters)


https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1517900
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1009100
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1614100
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=968800
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1603700

https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1603800

Cranberry Lake in Oneida County, Wisconsin has an area of 924 acres and a maximum

depth of 23 feettlhas been monitored by volunteers since 1i98®st recently by Carole

Linn.. The | akebs water is reported as being 6l
rem_edi?tion efforts to improve clarity.

Figure 1. Cranberry lake (source: www.realtor.com)

Kentuck Lake (2.63 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=716800

Kentuck Lake in Vilas County, Wisconsin hes area 01001 &res and a maximum depth

of 40 feet. It has been monitored by volunteers since 198@st recently by Brenton

Butterfield, Jane Bonkoski, and Maribeth Palkke Kentuck is part of the Wisconsin

D N R 06 8g tdrno lake monitoring projecthe | akeds water i s report
clarityéo. The | ake has not under gWates any r e
clarity improved significantly from 2014 2017.


https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1603800
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=716800
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Figure 2. Kentuck‘Lake (source: Kentutkke District www.kentucklakedistrict.org)

Spectacle Lakeg2.47 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=717400

Spectacle Lake in Vilas Countyisconsin has an area of 1668&s and a maximum depth
of 42 feet. It has been monitored by volunteers since 19&tost recently by Jim
Wildenberg The | akebs water i s reported as
undergone any remediation effotb improve clarity.

Little Saint Germain Lake (1.43 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1596300

Little Saint Germain Lake in Vilas Countyisconsin has an aaeof 972 ares and a
maximum depth of 53 feet. It has been monitored by volunteers sincé b@&€ recently
by George Jackson The | akeds water i s reported
undergone any remediation effortsngprove clarity.

Lost Lake (1.5 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1575100

Lost Lake in Oneida CountyVisconsin has an area of 1609es and a aximum depth of
18 feet. The | akebs water is reported
remediation efforts to improve clarity.
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=717400
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1596300
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1575100

Upper Buckatabon Lake (2.05 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1621800

Upper Buckatabon Lake in Vilas CountWisconsin has an area of 498res and a

maximum depth of 47 feet. It has been monitored by volunteers sincé h9&8 recently

by Art Ekberg and DanBenson The | akeds water is reported
The lake has not undergone any remediation efforts to improve clAfater clarity has

deteriorated over the period 20012017.
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Figure 3. UpperBuckatabon lake (sourceww.zillow.com

Manitowish Lake (2.9 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2329400

Manitowish Lake in Vilas CounfyWisconsin has an area of 49&r@s and a maximum
depth of 61 feet. It has been monitored by volunteers from 1992 toat@P8&gain since
2016 The lake has not undergone any remediation efforts to improve clarity.
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1621800
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2329400

Figure 4. Manitowish lake (source: Vilas Countyww.vilaswi.com

Little Star Lake (4.26 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2334300

Little Star Lake in Vilas CountyVisconsin has an area of 26&res and a maximum depth
of 67 feet. It has been monitored by volunteers from 1994 to @08%gain since 2015
The lake has not undergone any remediation efforts to improve clarity.

Tomahawk Lake (5.38 Meters)
https://dnr.wi.qgov/lakes/LakePages/LakeDetail.aspx?wbic=1542700

Tomahawki_ake in Oneida County, Wisconsin has an area of 3462 acres and a maximum

depth of84 feet. It has been monitored by volunteers since 199®st recent readings

were taken by Steven Cote and other data col
6very cleard. The | ake has not undergone any
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2334300
https://dnr.wi.gov/lakes/LakePages/LakeDetail.aspx?wbic=1542700

Figure 5. Tomahawk lake

Little Fork Lake (1.56 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1610600

Little Fork Lake in Oneida CountyVisconsin has aarea of 336 @es and a maximum

depth of 34 feetlt has been monitored by volunteers since $98® st recently bydenry
SchwiesowThe | akebs water i s reported as being
undergone any remediation efforts to improveityar

Island Lake (2.5 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2334400

Island Lake in Vilas County, Wisconsin has an area of 865 acres and a mad@ptmof

35 feet. It has been monitored by volunteers sinceil@fsst recent readings were taken

by Paul Lehmkuh!l . The | akebds water is report
not undergone any remediation efforts to improve clarity.

Long Lake (3.79 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1609000

Long Lake in Oneida County, Wisconsin has an area of 604 acres and a maximum depth

of 31 feet. 1 has been monitored by volunteers since 1993ost recent readings were

taken by Fred Knoch and other data coll ector
claritydé. The | ake has not undergone any ren
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1610600
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2334400
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1609000

Lake Min ocqua(4.96 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1542400

Minocqua Lake in Oneida Countyisconsin has an area of 133@es and a maximum

depth of 60 feetit has been monitored by volunteers since H98®st recently bylohn

GrayThe | ake 1is al so par tmonitbringtphoectTDhNeR 6lsa kl eobnsg
water is reported as bei ngndérguomedreyremaediatiory cl ear
efforts to improve clarity.
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Kawéguesaga lakes protection association http://minocquakawaga.org)

Figure 7. Minocqua lake
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1542400

Pelican Lake(1.34 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1579900

Pelican Lake in Oneida County, Wisconsin has an area of 3545 acres and a maximum depth

of 39 feet. It has been miored by volunteers since 1987most recent readings were

taken by Dava Hardt, Al an Wirt, and Ty Kr aj
l ong term | ake monitoring project. The | akebo
lake has not undgone any remediation efforts to improve clarity.

Two Sisters Lake(2.44 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1588200

Two Sisters Lake in Oneidaounty Wisconsin has an area of 71&es and a maximum
depth of 63 feet. It has been monitored by volunteers since §98®st recently bKent
BradshawThe lake has not undergone any remediation efforts to improve clarity.

Spirit Lake (3.35 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1612000

Spirit Lake in Oneida County, Wisconsin has an area of 348 acres and a maximum depth

of 39 feet. It has been maored by volunteers since 1987most recent readings were

taken by John Lake and Phil Burnside. The | ¢
The lake has not undergone any remediation efforts to improve clarity

Planting Ground Lake (4 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1609100

Planting Ground Lake in Oneida County, Wisconsin has an area of 1010 acres and a
maximum depth of 37 feet. It hasdn monitored by volunteers since 198%0st recent
readings were taken by Lloyd Rossa. The | ak:
The lake has not undergone any remediation efforts to improve clarity.

Tom Doyle Lake(1.48 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1586800

Tom Doyle Lake in Oneida CountWisconsin has an area of 108es and a maximum

depth of 30 feetlt has been monitored by volunteers since B@® st recently baryl
RosenbergThe | akebs water is reported as being 6
any remediation efforts to improve clarity.
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1579900
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1588200
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1612000
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1609100
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1586800

Shishebogama Lakd2.8 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1539600

Shishebogama Lake in Oneida and Vilas County, Wisconsimmarea of 700cees and

a maximum depth of 42 feet. It has beeonitored by volunteers since 1990most
recently by Robert Schultz The | akebs water i s reported as
lake has not undergone any remediation efforts to improve clahg Water Clarity of

the Lake improved significantly fro@0161 2017.

Big Lake (1.01 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?whbic=1613000

Big Lake in Oneida County, Wisconsin has an area of 845 acres and a maximum depth of

27 feet.It has been monitored by volunteers since 198tbst recent readings were taken

by Kelvin Kobernick and other data collectofsh e | ake6s water i s repor
c | a rThetlakedhas not undergone any remediation efforts to improve clarity.

Big Saint Germain (2.09 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1591100

Big Saint Germain Lake in Vilas County, Wisconsin has an area of 1622 acres and a
maximum depth of 42 fedt.has been matoredby volunteers since 1989most recently

by joe Koschnik, and Don and Marie Baumarh e | akeds water i s repor
c | a rThetlakedhas not undergone any remediation efforts to improve clarity.

Big Stone Lake(1.05 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1612200

Big Stone Lake in Oneida County, Wisconsin has an area of 607 acres and a maximum

depth of 57 feetlt has been wnitored by volunteers since 1993nost recent readings

were taken by Nancy Jensen and Ed Cottingflame | akeb6s water i s repol
c | a rThetlakedhas not undergone any remediation efforts to improve clarity.

Black Oak Lake (6.7 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1630100

Black Oak Lake in Vila€ounty, Wisconsin has an area of 564 acres and a maximum depth

of 85 feet.It has beemonitored by volunteers since 2002nost recently by Walt Bates.

The | akebds water i s ISeverd studiesthava lsenlcampletegdtoover y
better understand the source of the water clarity and develop methods to maintain it.
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1591100
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Blue Lake (1.02 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1538600

Blue Lake in Oneida County, Wisconsin has an area of 441 acres and a maximum depth of

49 fed. It has been monitored by volunteers since ®8®st recently byRichard

Johnson, Janine Myers, Dan Pagel, and Sue Phdele | akeds water i s r ey
6very cl ear 6.

Boom Lake (1.05 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1580200

Boom Lake in Oneida County, Wisconsin has an area of 365 acres and a maximum depth

of 30 feet.Ilt has been monited by volunteers since 1997most recent readings were

taken by Robert Youngr he | akedbds water i s rThelakehasd as b
not undergone any remediation efforts to improve clarity. The water clarity has deteriorated

during the perio@014i 2017.

Buckskin Lake (2.7 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=2272600

Buckskin Lake in Oneida County, Wisconsin has an area of 642 acres and a maximum

depth of 22 feet. The | akeds Thae¢existsa s repo
0Buckskin Lake |I mprovement Associationd6 dat
currentwork was not available.

Crawling Stone Lake (4.6 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2322800

Crawling Stone Lake in Vilas County, Wisconsin has an area of 1483 acres and a maximum

depth of 87 feetlt has been matored by volunteers since 2004Most recently by Edith
Dobrinski and RalphKerlef he | akeds water is reported as

Crescent Lake(2.06 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1564200

Crescent Lake in Oneida CoynWisconsin has an area of 616 acres and a maximum depth

of 32 feet.It has been monitored by volunteers since 1086ost recent readings were

taken by Alan Janssen and other data collecols.e | akeds water i s rep
Omoder at el gughsdvera efforts haiel beeh made to minimize the number of

invasive specieghe lake has not undergone any remediation efforts to improve clarity.

Water clarity has deteriorated during the study period 2Q4G1.8.
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https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1580200
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Deer Lake (1.2 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1612300

Deer Lake in Oneida County, Wisconsin has an area of 188 acres and a maximum depth of

20 feet.It has been monited by volunteers since 1988nost recent readings were taken

by Ed CottinghamT he | akeds water is rEplkhasdotas bei
undergone any remediation efforts to improve clarity.

Fifth Lake (0.73 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1571100

Fifth Lake in Oneida County, Wisconsin has an area of 238 acres and a maximum depth of

9 feet.It has been monitored by volunteers sir2005/ most recent readings were taken

by Scott Patulski and Kris Krausehe | akeds water i s reported a
The lake has not undergone any remediation efforts to improve clarity.

Yellow Birch Lake (1.36 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1599600

Yellow Birch Lake in Vilas County, Wisconsin has an area of 192 acres and a maximum

depth of 23 feet. It has beeronitored by volunteers since 199&ost recently by Jerome
PlocinskiandDanVladic The | akeds water i sTheklkpbast ed as
not undergone any remediation efforts to improve clarity.

White Sand Lake (4 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=2321100

White Sand Lake in Vilas County, Wisconsin has an area of 1181 acres and a maximum

depth of 63 feet. The lake has been mondanest recently by William Tischedorfhe

|l akebs water is report dght lakeshasmet undeygoneargyr y c | e
remediation efforts to improve clarity.

Towanda Lake (3.1 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1022900

Towanda Lake in Vilas County, Wisconsin has an area of 139 acres and a maximum depth

of 27 feet.It has been motored by volunteers since 19®2nost recently byyolan

Mistele The | akeds water is reportEdlakebashoei ng A m
undergone any remediation efforts to improve clarity.
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Squirrel Lake (2.75 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?whbic=1536300

Squirrel Lake in Vilas County, Wisconsin has an area of 1309 acres and a maximum depth
of 46 feet. It was monitored by volunteers between E#62015 Most recently by Ben
Niffenegger.The | akeds water I's r epherdakeehdhs tas bei n

undergone any remediation efforts to improve clarity.

Squaw Lake(1.16 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?whic=2271600

Squaw Lake in Vilas County, Mtonsin has an area of 736 acres and a maximum depth of
21 feet. It has been monitored by volunteers since 19@8st recently by Bob Sundell,

Jerry Mroczkowski, and Issac Kruger The | akeds water
The lake has not undgone any remediation efforts to improve clarity.

Squash Lake(5.5 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1019500

I's report

Squash Lake in Oneida County, Wissm has an area of 398 acres and a maximum depth
of 74 feet. It has been monitored by volunteers since 1988st recent readings were

taken by Marj Mehring and other data collectors The | akeds w

ater cl ar

bei ng A vEhelgke lasinet andavgone any remediation efforts to improve clarity.

South Twin Lake (3.12 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1623700

South Twin Lake invilas County, Wisconsin has an area of 628 acres and a maximum
depth of 43 feet. It has been monitored by volunteers sinceil9@3t recently by Dave
Selboy The | akeds water is reporTheldkelasnobei ng

undergone angemediation efforts to improve clarity.

South Turtle Lake (1.97 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2310200

South Turtle Lake in Vilas CountWisconsin has an area of 466 acres and a

maximum

depth of 40 feet. It has been monitored by volunteers sinceil8fikt recently by John

and Susan Breiten and Jo BarlamentThe | akeds water 6s
clarity. The lake has not wlergone any remediation efforts to improve clarity.

clarity
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Flambeau Lake(5.68 Meters)
https://dnr.wi.qgov/lakes/LakePages/LakeDetail.aspx?wbic=2320500&page=more

Flambeau Lake in Vilas County, Wisconsin has an area of 1166 acres and a maximum
depth of 78 feet. It has been monitored by volunteers sincei2Pidkt recently by Tom
Skonie The lake has not undergone any remediation efforts to improve clarity.

George Lake (1.06 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?whic=1569600

George Lake in Oneida County, Wisconsin has an area of 443 acres and a maximum depth

of 26 feet It has been monitored by volunteers since 199dost recent readings were

taken by Stephanie Boismenue and Abbi BowmanT he | akeds waterds cl
as bei ng AThelake has notaundergone any remediation efforts to improve

clarity.

Indian Lake (2.9 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1598900

Indian Lake in Oneida County, Wisconsin has an area of 354 acres and a maximum depth

of 26 feet. It has been monitored by volunteers since 1986st recent readings were

taken by Joseph Smogar and other datacollector§ he | akeds wiedasr 6s cl a
bei ng fmodeThalake Haynotauhdergonedany remediation efforts to improve

clarity.

Kawaguesaga Lakdg3.48 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1542300

Kawaguesaga Lake in Oneida County, Wisconsin has an area of 700 acres and a maximum

depth of 44 feet. It has been monitored by volunteers sincei2Da&t recently by John

Gray, Regis Brostand Darien Brost The | akeb6s waterods <clarit:
imoder at &Heng havd beea muitiple efforts to imprdake waterclarity. Water

clarity has deteriorated over the study period 202017

Killarney Lake (0.7 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1520900

Killarney Lake in Oneida County, Wisconsin has an area of 293 acres and a maximum

depth of 8 feet. It has been nitored by volunteers since 19B6nost recent readings were
taken by Brian Hager The | akebds waterdés cl ariThey i s r e
lake has not undergone any remediation efforts to improve clarity.
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Laurel Lake (0.75 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1611800

Laurel Lake in Oneida County, Wisconsin has an area of 249 acres and a maximum depth

of 27 feetlt has been monitored by volunteers since 198®st recently by Phil Burnside.

The | akedbs waterds cl ar i tThelakshas mtpuodergjoeed as b
any remediation efforts to improve clarity.

Maple Lake (4.3 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1609900

Maple Lake in Oneida County, Wisconsin has an area of 131 acres and a maximum depth

of 15 feet. It has been monitored by vokes since 1991 most recent readings were
takenbyKenZator The | akebs waterdés claritVheis repo
lake has not undergone any remediation efforts to improve clarity.

McCormick Lake (0.6 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1526600

McCormick Lake in Oneida County, Wisconsin has an area of 113 acres and a maximum
depth of 8 feetlt has been monitored by volunteers since 2016host recently by
Stephanie Boismenue and Aubrey NyThe lake has not undergone any remediation
efforts to improve clarity.

North Twin Lake (8.7 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1623800

Twin Lakes (combined with South Twin Lake) in Vil&ounty, Wisconsin has an arefa

2871acres and a maximum depth of 6kt. It has been nmitored byvolunteers since

199371 most recently by Dave Seloy The | akebs waterdés clarit
imoder at @Heng havd beem multiple efforts to improve lake water claiigter

clarity has improved significantly during the study period 202017.

Otter Lake (0.9 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=1600100

Otter Lake in Vilas County, Wisconsin has an area of 174 acres and a maxeptmofl

30 feet. It has been monitored by volunteers since-1983t recently by Dave Mueller

The | akeds waterds cl ar i tThelakshas mtpuodergjoeed as b
any remediation efforts to improve clarity.

Papoose Lakdg3 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2328700

Papoose Lake in Vilas County, Wisconsin has an area of 422 acres and a maximum depth
of 65 feet.It has been madtored by volunteers since 193nost recently byHoward

2C
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FeddemaT he | akebds waterds <cl ari tThelakehasmtpor t ed
undergone any remediation efforts to improve clarity.

Pickerel Lake (1.62 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?whbic=1590400

Pickerel Lake in Oneida County, Wisconsin has an area of 581 acres and a maximum depth

of 17 feet. It has been mitored by volunteers sinc011 most recently by Michael

Roach The | akeds watero6s <cl ari Thglakebasnoeport ed
undergone any remediation efforts to improve clarity.

Plum Lake (2.94 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?whbic=1592400

Plum Lake in Vilas County, Wisconsin has an area of 1057 acres and a maximum depth of

57 feet.It has been monitored by volunteers since M@tbst recently by Robert

Marshall The | akeds waterds clarity iTherehageport ed
been multiple efforts to improve lake water clarity.

Presque Isle Lake(7.35 Meters)
https://dnr.wi.gov/lakes/lakepages/LakeDetail.aspx?wbic=2956500

Presque Lake in Vilas County, Wisconsin has an area of 1165 acres and a maximum depth

of 103 feet. It has been mitored by volunteers since 1989most recently by Richard

Lathrop Thes Iwaakieeor 6s cl arity i s Thereplavetbeed as be
multiple efforts to improve lake water clarity.

Scattering Rice Lake(2.4 Meters)
https://dnr.wi.gov/laketakepages/LakeDetail.aspx?wbic=1600300

Scattering Rice Lake in Vilas County, Wisconsin has an area of 263 acres and a maximum

depth of 17 feet. It has been monitored by volunteers sinceil®Wkt recently byJim

Nelson and Howard Feddem&ah e | akeds watero6s clarity 1 s r1e¢
There have been multiple efforts to improve lake water cldtitig. worth noting that there

have been significant improvements in clarity readings in recent years.)

Snipe Lake (2.4 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1018500

Snipe Lake in Vilas County, Wisconsin has an area of 216 acres and a maximum depth of

15 feet. It has been mdared by volunteers since 199%nost recently bypon Osterberg.

The | akebs watero6s <clarity i %he akempasmoted as
undergone any remediation efforts to improve clarity.
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Sugar Camp Lake(3.7 Meters)
https://dnr.wi.qgov/lakes/lakepages/LakeDetail.aspx?wbic=1020400

Sugar Camp Lake in Oneida County, Wisconsin has an area of 519 acres and a maximum

depth of 38 feet. It has beemonitored by volunteers since 1983nost recent readings

were taken by Otto Schoeneck and other data collectord he | akeds water 6s
reported as b €he ke hds\na ungergonke arg remediation efforts to

improve clarity. Water clity has improved significantly during the study period 2016

2018.

Literature

There is a long- but narrow-- set of literature on the economic value of water clarity
stretching back to the 196006s. Tdiweisittsue t ha
guestion of the best measure of water quality. That is, is it quality or clarity a better
determinant of property values? If it is clarity that matters, are subjective or objective
measures better?

Early papers by David (1968) and Epp akdAni (1979) used subjective valuations of
water clarity to measure the impacts on property prices. The earlier study by David used a
simple rating of good, moderate, and poor convey water quality. These were then added to
other property attributes in agple hedonic model to determine the impact of water clarity
upon property prices. Davidés study found th
has a significant impact upon property prices. The later study completed by Epp-and Al
Ani focused onhie impact of river water clarity on property prices. The authors found that
although water clarity did have bearing upon property pricésit only in terms of a
decrease in quality. That is, a perceived decline in quality caused prices to fall but a
perceved improvement in quality did not cause prices to rise. The authors did however
find a consistent correlation between water acidity (as measured by pH) and property
prices. Thus, raising an interesting distinction between the perception of water ajality
water quality itself.

This trend in the literature continues with the study done by Brashares (1985). Using a
hedonic model, this study focused on a large number of lakes in Southern Michigan and
used eight different measures of water quality. Thaaufound that only turbidity (an
objective measure of clarity similar to that used in this study) and fecal coliform had a
significant impact upon property prices. The author concluded that although perception of
water clarity does impact property prscthese are most effectively captured with objective

T rather than subjectiviemeasures.

A number of studies have focused specifically on the question of using objective versus
subjective measures of value and between perception (clarity) of caraditgctual water
quality in measuring water quality. A study by Steinnes (1992) found that it is the
perception of water quality (clarity) rather than actual water quality that has the most
significant bearing upon property values suggesting that subjgoivas an important
factor. A later paper by Poor et.al. (2001) found that there existed significant differences
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between the economics values produced using subjective measures of water clarity when
compared to using objective measures. In that studyadligors found that subjective
measures tended to under report water clarity when compared to objective measure (such
as Secchi disk readings).

The specific model developed in this study is derived from Michael, Boyle, and Bouchard
(1996). Using a hedam model and data from a set of lakes in Maine this study
demonstrated the effect of water clarity on lakefront property prices. In additional to the
customary locational and structural variables the authors used Secchi disk readings as an
objective measurof water clarity. In developing the model clarity data was converted into
log form to in order to better represent willingness to pay for improved water. That is, to
convey that individuals are likely to pay more for an improvement of 1 to 4 feet af wate
clarity than for an improvement of 21 to 24 feet of clarity. (Both being an improvement of
3 feet.) The authors concluded that about 15% of the property value on the lakes in the
study area was the result of water quality. They further concluded tirapesvement of

an additional one (1) meter of clarity would roughly double the value associated with water
quality on property prices. In terms of total property prices their study suggested about a
15% improvement in the sale price of property adjacetitedake.

Subsequent sties by Boyle et.al (1998Krysel, Boyer, Parson, and Welle (200@nhd

Kemp and Ng(2017), have used models very similar to the one described above. The
results achieved by these studies produced similar results with a roufgling of the

value attributable to water clarity being associated with an improvement of an additional 1
meter of clarity (for those lakes with low initial water clarity. Indge#vould not be too

much to say that the use of hedonic models combindd ofajective measures of water
clarity (rather than quality) have become
uncover the implicit value of water clarity on property prices.

Method - Hedonic Modeling

Hedonic Modeling is a commonly used technigsed to estimate the value of a specific
attribute within a larger set of attributes associated with a specific comrddigy most
common usages include estimating the value of property improvements, the impact of
public space on private property, and thalue of environmental attributes associated with

a given commodity on their pricddsing hese models, a researcher can isolate and analyze
the marginal value associated wilad attribute of a given propertyf desired, the
additional step can beklian to create a hypothetical situation in order to determine the
economic benefit of making a change to that attribute. This can then be weighed against
the costs associated with making the change to test the economic feasibility of the project.

8 See Monsoon (2009) or Malpezzi (2012) for a recent, more complete overview of the
uses of hedonic modeling.
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Regressin analysis ighe specific statistical technique tlsdrves as the foundation for
hedonic modeling. For studies that seek to determine the value of a specific environmental
attribute such as this this basic form of the regression generally looks like;

P=f(S,LE)
Where,

P = Sale Price of the Property

S = A Vector of Structural Attributes

L = A Vector of Locational Attributes

E = A Vector of Environmental Attributes

From the estimated coefficients on each of the attributes within of the veatocan

develop an idea about the marginal value of each of those attributes. This regression output

is commonly referred to as the fundamental hedequation. In more sophisticatetidies

(such as the one presentetd shteaeedd tehg watiisomn.e
with estimates negative coefficients have a negative impact on property prices while
attributes with positive estimated coefficients have a positive effect upon property prices.

Thus we would expect the estimated coefficidat water quality to have a positive

coefficient. Converselye would expect the estimated coefficient on the local tax rate to

be negative.

The O0second stagebdé equation is derived fro
hypot heti cal 6demand curvebd or willingness
summing the estimated constant as well as the mean value of all variables times their
esimated coefficients (excluding the variable we wish to focus on) we are able to create a
statistical picture of the average propérys if the focus attribute did not exist. If we wish

to create a statistical picture of the average property with thevelostocus attribute we

can add in the mean value of that attribute times its estimated coefficient. If we wish to test

the impact of an alteration to the focus attribute we can add the altered value times the
previously esti mat gapropedycfedtdd prevously. t o t he Oave
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Data Sources

Waterclarity data was obtained using Wisconsin DNR report&@iXorthern Wisconsin

Lakes? Average annual reported clarity readings in the year the house was sold we used to
estimate the current water clarity level at the time the house was-solthose houses

sold during the winter months clarity readings from the previous summer werd heed.

reports are available free to the public and, in many cases, date back several years. Reports
are published several times a year at irregular intervals for most lakes and include data on
water clarityas well as a
host of other informatian
Water darity data is
collected and reported ir
multiple ways. For our
purposes we use th
reported objective
measurei Secchi Disk
readingsSecchi disks are
used to measure th
maximum water depth a
which an object may be F
observed from the secchi depth is midway ———wy
surface.

sk raised slowly to point
! where it reappears

Disk lowered slowly until it
disappears from view

Housing sale prices and Figure5 Taking a Secchi Disk Reading

attributes were taken

from the website Zillow.conilo the extent possible these were confirmed ugitas and
OneidaCounty data. Where discrepancies between the two were noted the transaction was
excluded from the dataséfthe prices andtaibutes of all houses and vacanbperties

sold in theyeass 20142018 (Junedver the study area were us&istances to the nearest
public airport and emergency rooms wer e
google maps.

° Reports available dittp://dnr.wi.gov/lakes/waterquality/
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Figure 9. The distance ffom Minocqueake to the nearest public airport

In sum, éta was gathered on the following structural attributes,

Square meters of living area (zero for empty lots)
Sale Date

Lake Frontage
Fireplace

Heat

Basement
Bathrooms
Bedrooms

Deck

Garage

Lot SizeHectares

=4 A =4-0_9_9_95_°5_2_-2._-2-

The following locational attributes,

Local Tax Rate

Distance from a Public Airport
Distance from an Emergency Room
Lake Area

Water Clarity (Linear)

Water Clarity (Log)

=4 =4 =4 -8 -8 -9



A few thingsshould be noted: It would h@ossible to develop a longer list of attributes

for the given set of propertidwever it would not assist us in finding the specific value

of water clarityi the focus of this studySecond, where the specific attributes of a listing
were unknown the & was assumed to not have said attribute. For exaihptefireplace

was mentioned in the listing a value of zero was assigned to that listing (binary variable)
for that attribute. For properties that were simply a vacant lot all structural varialskes we
assigned a value of zer

The Model

This study uses thiaflation correctedale price of the property as the dependent vartible

That is, it is the determinants of residential property sale price that we are seeking to
explain.Although otherstudies have done seevdid not adjust sale price for variations in

lake frontage, e.g., sale price/frontage. Although we did test sale price/frahtagsults

turned out to be clearipferiori n t er ms of the model 06ms abil ity
likely that this isdue to the low variation in frontagéMost properties within the study

area have between 100 and 120 feet of frontage.

We ran threeseparate linear regressgin sets of twosln order to get a rough idea about
variable relatioghipswefirst ranaregession on the full dataset includinfijreearmeasure

of water clarity Specifically, we were interested in the degree of impact that existing water
clarity was having upon real estate prid@easonably satisfied with the initial resulie

rana secondegression on the full dattswithwater clarityconverted to a log formathis

was done to under the assumption that the willingness to pay for improved water clarity is
not a linear but rar something like a log relationship. That is, people will pay a more for
the first 1i 2 meters of clarity than they would for th® é 5" meter of clarity.

Noticing that we had relatively few empty properties (lots without houses) in the dataset

we removed thesandagainran regressiowith both linear and log water clarityhis

change significantly i mpr d'Wewantedtoeensmmotiat | 6 s pr
the presence of largeand therefore expensivevacant lakefront property wanot having

a significant impact upon the value of the amenities within the developed properties.
Removing undeveloped properties had significant impact upon the estimated impact of

water clarity on property prices.

Finally, we removedhe remainingutiiers from the dataset amgjainranthe log and linear
regressioa'?, 13 For the regression with log water quality variable, the adjusted R square

10 sale prices werall inflated or deflated to January 2018 using a conventional consumer
price index.

11 Removing empty lots improved thé By .03.

12 These results can be found in the appendix.

13 The outlier observations were eliminated based on Interquartile Range (QR) is

the range between the first and third quartile. Take the sale price variable as an example,
IQR is calculated by subtracting the median of the lower half of sale price observations
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increased significantly (from 0.41 to 0.54), which indicated that the explanatory power of
the regression otie dataset without outliers was superior to the original one.

Additional tests were run to ensure the integrity of the final dataset (with outlier removed).
First, a Chowf-test was run to tesbr possible breakin the data. Specifically, we wished

to test the possibilityhat properties on reservation lands existed within a separate market
from properties just outside the reservation. That is, we wanted to see if properties on the
reservation were notably different from properties off the reservatiderins of their

market prices for a given set of attributes. Our test suggested that this was not the case and
that properties within the reservation were not statistically different (in terms of sales price)
from those not within the reservatidndeed,we found more significant breaks between
properties in far Eastern Vilas County, WI and the rest of the study area (discussed below).

We also wanted to ensure that the final dataset did not exdilyit significant
multicolinearity acrosghe variableshat impact the student resulSee table belowlhis

was done to ensure that we had good sampling within the dataset. In pantewanted

to ensure that there existed no significant correlation between water clarity and the various
housingand locaibnal attributes. For example: It might have been the case that higher
property values on lakes with clearer water are worth more because, in general, the houses
on those | akes are nicer, bigger, etcé than
tha, within the dataset, this is not the casgthin the dataset,we foundvery little to no
correlation between housing attributes and water clarity.(See correlation matrices
below.) Moreover, wedid find correlations between variables where they might be
expected to exist. For example, properties with more bedrooms also have more bathrooms,
more garage bays, and have a larger square footage of livingSarekrly, properties

with larger living areas were correlated with properties having more bedrooms and
bathrooms.

from the median of the upper half of sale price observatiorespfidperties with sale price
further than 1.5*IQR from the mean sale price are identified as outliers and eliminated
from the data. The outliers in leaving area (LVAREA), the number of bedrooms (BED),
the number of bathrooms (BATH) and the number of g&rdGARAGE) are cleaned
using the same method.
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AIRPORT__KM_ BATH BED BSMNT C_PRICE DECK
AIRPORT KM _ 1.000000 -0.197291 -0.201463  -0.092650  -0.194846  -0.031510
BATH -0.197291 1.000000 0.641422 0.355385 0.555830 0.302373
BED -0.201463 0.641422 1.000000 0.218721 0.389583 0.198173
BSMNT -0.092650 0.355385 0.218721 1.000000 0.308414 0.194715
C_PRICE -0.194846 0.555830 0.389583 0.308414 1.000000 0.238093
DECK -0.031510 0.302373 0.198173 0.194715 0.238093 1.000000
FIRE -0.153999 0.340060 0.274216 0.273662 0.274450 0.183370
FRONTAGE -0.015821 0.074892 0.235552 0.048099 0.093443 0.033525
HEAT -0.092948 0.178267 0.190070 0.282952 0.082146 0.266198
GARAGE -0.002030 0.493329 0.394848 0.261412 0.290237 0.216704
LKAREA__HECTARES_ 0.305830 -0.089351 0.005097 -0.164269  -0.037093 0.021238
LN_WC_M 0.021899 0.066652 0.002010 0.006601 0.305573 0.141704
LOT _SZ HECTARES -0.065514 0.116902 0.129368 0.0683957 0.082041 -0.022886
LVAREA__SQM_ -0.139229 0.726234 0.559960 0.394481 0.676668 0.325153
MEDICAL__KM_ 0.426632 -0.228557  -0.136151 -0.106945  -0.234389  -0.115739
SEPTIC -0.363996 0.101102 0.048662 0.217119 0.137141 0.196631
STORY 0.017016 0.419807 0.331804 0.123722 0.279172 0.221018
TAXRT -0.183411 0.030362 0.058838 -0.028964  -0.053983 0.007025
WC_MEAN__M_ 0.013758 0.073199 0.022109 0.026879 0.275762 0.121212
Tablel. Correlation matrix for all variables
FIRE FRONTAGE HEAT GARAGE LKAREA_HE LN_WC_M LOT_SZ_HE
AIRPORT__KM_ 0153999  -0.015821  -0.092948  -0.002030 0.305830 0.021899  -0.065514
BATH 0.340060 0.074892 0.178267 0493329  -0.089351 0.066652 0.116902
BED 0.274218 0.235552 0.190070 0.394848 0.005097 0.002010 0.129368
BSMNT 0.273662 0.048099 0.282952 0.261412  -0.164269 0.006601 0.063957
C_PRICE 0.274450 0.093443 0.082146 0.290237  -0.037093 0.305573 0.082041
DECK 0.183370 0.033525 0.266198 0.216704 0.021236 0.141704  -0.022886
FIRE 1.000000 0.010413 0.264338 0.241261  -0.103465 0.003664 0.006584
FRONTAGE 0.010413 1.000000 0.036603  -0.038366 0.037524 0.095058 0.416533
HEAT 0.264338 0.036603 1.000000 0.232547 0105883  -0.097244 0.010031
GARAGE 0.241261  -0.038366 0.232547 1.000000  -0062497  -0.057243 0.089612
LKAREA__HECTARES_  -0.103465 0.037524  -0.105883  -0.062497 1.000000 0.104035  -0.007028
LN_WC_M 0.003664 0.095058  -0.097244  -0.057243 0.104035 1.000000 0.005444
LOT_SZ__HECTARES_  0.006584 0.416533 0.010031 0.089612  -0.007028 0.005444 1.000000
LVAREA__SQM_ 0.437949 0.144767 0.128472 0.378639  -0.129069 0.134332 0.168188
MEDICAL__KM_ -0.112087 0.075698  -0.071153  -0.077411 0.220309  -0.187302 0.012033
SEPTIC 0.227656 0.060978 0.172651 0.009584  -0.379143 0.190939 0.036304
STORY 0.281886 0.202030 0.135841 0.170413 0.119181 0.077385 0.163226
TAXRT -0.027733 0.003707  -0.029021  -0.046069  -0.025524 0.158624  -0.051478
WC_MEAN__M_ -0.012512 0.111422  -0.086627  -0.052865 0.110909 0.950765 0.020516
Table 1 continued
LVAREA__SQ MEDICAL__K  SEPTIC STORY TAXRT WC_MEAN__
AIRPORT__KM_ -0.139229 0.426632 -0.363996 0.017016 -0.183411 0.013758
BATH 0.726234 -0.229557 0.101102 0.419807 0.030362 0.073199
BED 0.559960 -0.136151 0.048662 0.331804 0.058838 0.022109
BSMNT 0.394481 -0.106945 0.217119 0.123722 -0.028964 0.026879
C_PRICE 0.676668 -0.234389 0.137141 0.279172 -0.053983 0.275762
DECK 0.325153 -0.115739 0.196631 0.221018 0.007025 0.121212
FIRE 0.437949 -0.112087 0.227656 0.281886 -0.027733 -0.012512
FRONTAGE 0.144767 0.075698 0.060978 0.202030 0.003707 0.111422
HEAT 0.128472 -0.071153 0.172651 0.135841 -0.028021 -0.086627
GARAGE 0.378639 -0.077411 0.009584 0.170413 -0.046069 -0.052865
LKAREA _HECTARES_ -0.129069 0.220309 -0.379143 0.119181 -0.025524 0.110909
LN_WC_M 0.134332 -0.187302 0.190939 0.077385 0.158624 0.950765
LOT_SZ_HECTARES_  0.168188 0.012033 0.036304 0.163226 -0.051478 0.020516
LVAREA__SQM_ 1.000000 -0.195587 0.136261 0.426403 -0.029353 0.120338
MEDICAL__KM_ -0.195587 1.000000 -0.328443 -0.086302 -0.140091 -0.178273
SEPTIC 0.136261 -0.328443 1.000000 -0.021703 0.185072 0.204213
STORY 0.426403 -0.086302 -0.021703 1.000000 -0.013820 0.077825
TAXRT -0.029353 -0.140091 0.185072 -0.013820 1.000000 0.193185
WC_MEAN__M_ 0.120338 -0.178273 0.204213 0.077825 0.193185 1.000000

Tablel continued
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Having tested the dataset to ensure integfibe final regression outputwith all outlier
removed)was first used to construct a statistically average valuatiotihéostudy are@
excluding and value attributable to water quality. This allows for variation between lakes
in terms of the types of properties that exist onlake* One way of thinking about this
would be the average value of the set of houses on a given lake within thé gttiusy

lake was not ther&Ve then calculate the expected price of the mean property in our study
area. The expected value for the mpewperty pricé excluding the value attributable to

the presence of the lake was estimated to be $251,49Bi8@&ccomplished by taking the

sum of the mean value (for each lake) of each of the above variables times the estimated
coefficient for that variable. To this the estimated constant term of the regression was added
to complete the picture.

a = Estimated vale of ¢ + (mean value of a * est. coefficient of a) + (mean value of

7

b * est. coefficient of b) + é. + ( mear

From this wecanaddbackin the observed water quality. This allows us to estimate what
the averageduse, on a given lake, should sell fagiven all its attributes.

Est. Price = a + (Log of Water Quality on Lake x * estimatieg coefficient for water

quality)
The @ble below (Table 1) gives the values for used for each lake to compute the dstimate
value attributable to water quality. The 0 WC(
water <clarity on any given |l ake in meters. |

the value adedto the average house resulting from the presentleeolakeat existing
clarity. This values obtained by multiplying Log of WC Mean (m) by the estimadteg
coefficient for water clarity66,262.82).

Property Value Impacts

From the above equatiame can change the water claribyanyhypothetical situation we

might wish to estimate the value attributable to water quality on a given lake with that
alternative water guality. (This is the 06se
section of the studylhese values are represenitethe rightside columns. Starting with

the first row, we find that on Anvil Lake the presence of the lake adds $101,000 to the

value of the average home on that lake. If the water clarity on Anvil lake could be improved

by 1 meter we estimate that theegence of the lake would add $114,660@he value of

14 For example: Some of the lakes in the study area are highly developed with large high
value properties on them. Other lakes are not nearly as developed in all aspects. Creating
different statistical pictures for each lake allows us to account for thiésedces.
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the average house (or a roughly $13,000 improvement in value). If the water clarity could
be improved by 2 meters we estimate that the lake would add $125,000 in value to the
avaage house (or an additial $24000 in value).

It will be noted that these changes in value vary widely across the lakes in the study area.
This is because improvements in clarity in lakes where clarity is already high produce
relatively small gains in value while improvememisakes with very poor existing clarity
results in larger gains in valuation. We estimate that, across the studw areeeter of
improved clarity would increase average property values betwggn @) thousand

dollars on Black Oak Lakandthirty-two (32) thousand dollars on McCormick Lak&f

course, the causes of and costs associated with improving lake clarity are unique to the lake
as such these results alone cannot ensure that the cost/benefits of mitigation are always
favorable.
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Lake 2017 (or mos LKAREA L Plus 1 Meter| Plus 2 Value Value
Water Value
recent) (Hectares) Meters Increase 1 | Increase 2




