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I. INTRODUCTION AND QUALIFICATIONS 1 

  2 

Q.  Please state your name, employer, and business address. 3 

A. My name is Michael MaRous.  I am the owner and president of MaRous & Company.  My 4 

business address is 300 South Northwest Highway, Suite 204, Park Ridge, Illinois  60068.  5 

 6 

Q. Briefly describe your educational and professional background and your current work 7 

for MaRous & Company. 8 

A. I graduated from the University of Illinois at Urbana-Champaign with a B.S. in Urban Land 9 

Economics and began my career working with a Chicago real estate appraisal and consulting 10 

firm.  I founded MaRous & Company in 1980.  During my career, I have appraised real 11 

estate located in more than 25 states and reflecting a total value in excess of $15 billion.  12 

Properties include general industrial, commercial, and residential parcels, as well as vacant 13 

land and also specialized properties and interests, including air/development rights, 14 

billboards, cemeteries, easements, golf courses, gambling facilities, schools, streets, tank 15 

farms, waste transfer stations, utility and railroad rights-of-way, and energy-related projects.   16 

  17 

 Energy-related projects include a number of proposed natural gas-fired electric plants in 18 

various locations; the Grand Ridge V and Otter Creek wind farms in LaSalle County, the 19 

Pleasant Ridge Wind Farm in Livingston County, the Walnut Ridge Wind Farm in Bureau 20 

County, the McLean County Wind Farm in McLean County, and the Twin Forks Wind Farm 21 

in Macon County, all in Illinois; the Freeborn County Wind Farm in Freeborn County, 22 

Minnesota; the Ida II Wind Farm in Ida County, and the Palo Alto County Wind Farm in 23 

Palo Alto County, both in Iowa; the Orangeville Wind Farm in Wyoming County, New 24 

York; the Dorchester County Solar Farms in Dorchester County, Maryland; and the Badger 25 

Hollow Solar Farm in Iowa County, Wisconsin.  In addition, I am in the process of 26 

completing market impact studies for multiple wind projects in South Dakota. 27 

 28 

My statement of qualifications is included at the end of the April 6, 2018 Market Impact 29 

Analysis (“Market Analysis”) for the Dakota Range Wind Project (“Project”) attached as 30 

Exhibit 1. 31 
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 1 

Q. What is your role in the Project? 2 

A. I was retained by Dakota Range I, LLC and Dakota Range II, LLC (together “Dakota Range” 3 

or “Applicant”) to prepare an independent market analysis of the potential impact, if any, the 4 

Project would have on the value of the properties in the general area of the Project.  5 

Specifically, the analysis addressed the question of whether market data indicates that the 6 

Project will have an effect on the value of residential uses and/or agricultural land in 7 

proximity to the proposed wind turbines. When I use the phrase “proximity to wind 8 

turbines,” I generally mean turbines within three to five times the hub height of a wind 9 

turbine.   10 

 11 

Q. What is the purpose of your testimony? 12 

A. The purpose of my testimony is to provide information specific to South Dakota and the 13 

Project area with respect to the potential impact of wind turbines on rural residential and 14 

agricultural property. 15 

 16 

Q. Have such studies been conducted previously in South Dakota? 17 

A. There are no peer reviewed studies that have studied South Dakota properties. I was also 18 

unable to locate any other market analysis specific to South Dakota wind farms.  Large-scale 19 

peer reviewed studies have evaluated the potential impact of wind turbines on property 20 

values outside of South Dakota.  While these studies are not specific to South Dakota, they 21 

are authoritative studies that have produced consistent results.  In my report, and in my 22 

testimony, I address how these studies support my analysis. 23 

 24 

Q. Please identify the sections of the Application that your testimony supports.  25 

A. My testimony further supports Section 21.1.2.3, Property Value Impacts.  26 

 27 

Q. What exhibits are you sponsoring? 28 

A. In addition to my Market Analysis, Exhibit 1, I am sponsoring the following exhibits: 29 

 Exhibit 2: Brian Guerin, Jason Moore, Jamie Stata, and Scott Bradfield (2012). 30 

Impact of Industrial Wind Turbines on Residential Property Assessment in 31 

002467



- 3 - 

Ontario: 2012 Assessment Base Year Study. Municipal Property Assessment 1 

Corporation. 2 

 Exhibit 3: Jason Moore, Jamie Stata, and Scott Bradfield (2016). Impact of 3 

Industrial Wind Turbines on Residential Property Assessment in Ontario: 2016 4 

Assessment Base Year Study. Municipal Property Assessment Corporation. 5 

 Exhibit 4: Corey Lang and James Opaluch (2013). Effects of Wind Turbines on 6 

Property Values in Rhode Island. Environmental and Natural Resource 7 

Economics, University of Rhode Island. 8 

 Exhibit 5: Richard J. Vyn and Ryan M. McCullough (2013). The Effects of Wind 9 

Turbines on Property Values in Ontario: Does Public Perception Match 10 

Empirical Evidence? University of Guelph, Canada. 11 

 Exhibit 6: Carol Atkinson-Palombo and Ben Hoen (2014). Relationship between 12 

Wind Turbines and Residential Property Values in Massachusetts. University of 13 

Connecticut and Lawrence Berkeley National Laboratory. 14 

 15 

II. MARKET ANALYSIS FOR DAKOTA RANGE PROJECT 16 

 17 

Q. How did you familiarize yourself with the Project?  18 

A.  I visited the Project area in Grant and Codington counties on February 18 and 19, 2018.  I 19 

also analyzed the county and state applications for the Project, including the turbine layout, 20 

to familiarize myself with the Project and regulatory requirements.  21 

 22 

Q.  What data did you evaluate in conducting your market value analysis? 23 

A.  As detailed further in the Market Analysis, I evaluated the footprint of the Project, as well as 24 

the surrounding area, and reviewed rural residential and agricultural property sales data.  I 25 

also researched agricultural land values in Codington and Grant counties and in other 26 

counties in South Dakota in which wind farms are located, and looked at market trends for 27 

both agricultural and residential land for the past five years.  I also considered the economic 28 

impact on the larger community by the approval of the use as proposed.  In addition, I 29 

considered the opinions of assessors in six South Dakota counties with active wind projects.  30 

In addition to analyzing South Dakota-specific information, I considered my prior analyses 31 
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for wind projects in similar counties in Minnesota, Iowa, and Illinois, including paired sales 1 

and discussions with assessors in counties with active wind farms.  Finally, I reviewed 2 

relevant literature on wind farm property value impact analyses previously conducted. 3 

 4 

Q.  Could you discuss in more detail the matched paired sales analysis you conducted? 5 

A. Yes.   I reviewed sales transactions in seven northeastern counties in South Dakota1 to try to 6 

identify matched paired sales to use for comparison, meaning sales of similar rural residential 7 

properties where one property was near a wind farm and one property was not.  However, of 8 

the sales reviewed, only one rural residential property sale was near a wind farm, and that 9 

property, located in Brookings County, South Dakota, was nearly four miles away from a 10 

turbine.  As a result, the sale was not close enough to a wind turbine to use in a proximate/not 11 

proximate paired sales comparison. 12 

 13 

 Given a lack of proximate/not proximate paired sales data for eastern South Dakota, I 14 

reviewed matched paired sales data in rural areas of Minnesota, Iowa, and Illinois.  As 15 

detailed in the Market Analysis, when adjustments were made to the sales prices of the 16 

matched pairs to account for their physical differences and differences in amenities, the per 17 

square foot sales prices were essentially the same, indicating that proximity to a wind farm 18 

did not impact the price of the proximate sale.   19 

 20 

Q. As part of your Market Analysis, your company interviewed assessors in South Dakota, 21 

Iowa, Illinois and Minnesota.  Please provide an overview of that survey effort. 22 

A. In South Dakota specifically, we surveyed assessors in six South Dakota counties that each 23 

had more than 25 operational wind turbines: Aurora County, Brookings County, Charles Mix 24 

County, Day County, Hyde County and Jerauld County.  We spoke with assessors in each 25 

county to gather information on their experience regarding the impact of wind farms upon 26 

market values and/or assessed values of surrounding properties.  We conducted similar 27 

interviews of assessors in 26 counties in Iowa, 8 counties in Minnesota, and 18 counties in 28 

Illinois.   29 

                                                 
1 Deuel County, Grant County, Codington County, Day County, Hamlin County, Roberts County and Clark County.  

002469



- 5 - 

 1 

Q. What were the results of your assessor surveys? 2 

A. The South Dakota assessors and all other assessors interviewed reported that there was no 3 

market evidence to support a negative impact on residential property values as a result of the 4 

development of and proximity to a wind farm: 5 

 There has been only one tax appeal in any county based upon wind farm-related 6 

concerns.  That one appeal was located in Aurora County, South Dakota, where 7 

the 151.5 MW PrairieWinds SD1 Wind Project is located. The appeal was denied 8 

based on lack of evidence that proximity to wind turbines affected residential 9 

value. 10 

 There had been no reductions in assessed valuations due to proximity to wind 11 

turbines. 12 

 Residential assessed values had fluctuated consistently as influenced by market 13 

conditions, with no regard for proximity to a wind farm. 14 

 County Assessors consistently reported that whatever initial concern there may 15 

have been regarding property values during the planning and approval stages of 16 

the various wind farms, it dissipated once the wind farm was constructed.  17 

Further, county assessors repeatedly stated that county revenues and revenues to 18 

individual farms outweighed any initial concerns that residents had about the 19 

wind farms joining their communities. 20 

Q. Please explain why you believe that sales and assessor data from Minnesota, Iowa and 21 

Illinois are relevant to the issue of whether the Project may impact property values in 22 

South Dakota. 23 

A.  The wind farm areas I studied in Minnesota, Iowa, and Illinois are relevant to evaluating the 24 

potential impact of wind farms on property values in the Project area for several reasons.  25 

First, the areas are all in high wind areas and have similar agricultural economies (corn, 26 

soybeans and livestock, including cattle, hogs and poultry), similar demographics, and 27 

similarly low density (small acreage) rural residential properties.  In these areas, rural land 28 

values are largely driven by productivity and many farmers are economically struggling.  29 

Second, the market participants (buyers) for agricultural land are similar in these areas, 30 

primarily local farmers and national investors.  Third, the local economies are driven by the 31 
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positive or negative of climate and economy for agricultural products.  Fourth, the 1 

infrastructure is generally aged and school districts in particular are struggling to fund 2 

existing infrastructure, add quality teachers, and add new technology, which makes the areas 3 

less desirable to new residents.  Fifth, there is low economic job potential in these areas and 4 

the best and brightest are not returning after high school, because of lack of infrastructure, 5 

area amenities, and limited job possibilities. 6 

 7 

Q. Based on your analysis, what conclusions did you reach? 8 

A. As detailed in my Market Analysis, I concluded that there was no market data indicating the 9 

Project would have a negative impact on either rural residential or agricultural property 10 

values in the area surrounding the Project.  Further, although I did not identify proximate/not 11 

proximate paired residential property sales in eastern South Dakota, the South Dakota 12 

assessor survey results, as well as the matched paired sales data and assessor survey results 13 

for Minnesota, Iowa and Illinois, all support the conclusion that the Project would not have a 14 

negative impact on rural residential or agricultural property values in the surrounding area.  15 

In addition, for agricultural properties that host turbines, the additional income from the wind 16 

lease may increase the value and marketability of those properties.  These conclusions are 17 

further supported by the relevant literature reviewed and by my decades of appraisal 18 

experience. 19 

 20 

III. PEER-REVIEWED LARGE-SCALE STUDIES 21 

 22 

Q. The Application includes a discussion of peer reviewed studies, including the Lawrence 23 

Berkeley National Laboratory (“LBNL”) studies.  Can you please provide additional 24 

details regarding the LBNL studies? 25 

A. The 2009 and 2013 LBNL studies are included in the Application, Appendix L.2  I have 26 

reviewed and agree with the discussion in the Application.  LBNL is a member of the 27 

                                                 
2 Ernest Orlando Lawrence Berkeley National Laboratory, The Impact of Wind Power Projects on Residential 
Property Values in the United States: A Multi-Site Hedonic Analysis (December 2009) and Ernest Orlando 
Lawrence Berkeley National Laboratory, A Spatial Hedonic Analysis of the Effects of Wind Energy Facilities on 
Surrounding Property Values in the United States (August 2013). 
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national laboratory system supported by the U.S. Department of Energy through its Office of 1 

Science.  It is managed by the University of California and is charged with conducting 2 

unclassified research across a wide range of scientific disciplines.  LBNL conducted 3 

regression studies on a nationwide basis in 2009 and 2013 to study the potential effects of the 4 

proximity of wind turbines on property values.   5 

 6 
Q. What methodologies did the LBNL Studies employ? 7 

A. The 2009 study included an analysis of 7,489 sales within 10 miles of 11 wind farms and 125 8 

post-construction sales within one mile of a wind turbine.  The 2009 study used rural settings 9 

and wind farms with more than 50 turbines.  The 2013 study included 51,276 sales located in 10 

nine states and proximate to 67 wind farms, and 376 post-construction sales within one mile 11 

of a wind turbine.   Like the 2009 study, all were located in rural settings and near wind 12 

farms of more than 50 turbines.  The 2013 study “used a number of sophisticated techniques 13 

to control for other potential impacts on home prices, including collecting data that spanned 14 

well before the wind facilities’ development was announced to after they were constructed 15 

and operating.  This allowed the researchers to control for any pre-existing differences in 16 

home sales prices across their sample and any changes that occurred due to the housing 17 

bubble.”3 18 

 19 
Q. Please discuss the conclusions of the LBNL Studies. 20 

A. Neither study found statistical evidence that home values near wind turbines were affected.  21 

Specifically, with respect to the 2013 study, LBNL states that “[t]his study, the most 22 

comprehensive to-date, builds on both the previous Berkeley Lab study as well as a number 23 

of other academic and published United States studies, which also generally find no 24 

measureable impacts near operating turbines.”4 25 

 26 
Q. Do you agree with the conclusions of the LBNL Studies? 27 

A. Yes.  The studies found no statistically significant relationship between wind turbines and 28 

property value which is consistent with my conclusions noted above.  29 
                                                 
3 “No Evidence of Residential Property Value Impacts Near U.S. Wind Turbines, a New Berkeley Lab Study Finds” 
(August 27, 2013), http://newscenter.lbl.gov/2013/08/27/no-evidence-of-residential-property-value-impacts-near-u-
s-wind-turbines-a-new-berkeley-lab-study-finds/.   
4 Id. 
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 1 
Q. Are there any other peer-reviewed studies that conclude that there is no significant 2 

evidence of negative impact on property values from wind turbines? 3 

A. Yes.  There are several studies that, combined, reviewed more than 2,500 transactions within 4 

one mile of operating turbines.  They all found no evidence of value impact. 5 

 6 
Q. Please describe these other studies. 7 

A. The studies I was referencing are summarized below: 8 

 The Municipal Property Assessment Corporation’s (“MPAC”) studies on the 9 

Impact of Industrial Wind Turbines on Residential Property Assessment in 10 

Ontario.  This study was orginally conducted in 2008 and updated in 2012 11 

(“MPAC 2012”) (Exhibit 2) and 2016 (“MPAC 2016”) (Exhibit 3.)  The 12 

conclusions in both studies are similar:  “there is no statistically significant impact 13 

on sale prices of residential properties in these market areas resulting from 14 

proximity to an IWT [Industrial Wind Turbine], when analyzing sale prices.” 15 

(Exhibit 2 at 5.)  Using 2,051 properties and generally accepted time adjustment 16 

techniques, MPAC “cannot conclude any loss in price due to the proximity of an 17 

IWT.”  (Exhibit 2 at 29.)  Further, Appendix G of the MPAC 2012 study “Re-sale 18 

Analysis” states in the “Summary of Findings” that “MPAC’s own re-sale 19 

analysis using a generally accepted methodology for time adjustment factors 20 

indicates no loss in price based on proximity to the nearest IWT.”  (Exhibit 2, 21 

Appendix E.) 22 

 23 
 Corey Lang and James Opaluch (2013). Effects of Wind Turbines on Property 24 

Values in Rhode Island. Environmental and Natural Resource Economics, 25 

University of Rhode Island.  (Exhibit 4.)  Structured similarly to the LBNL 26 

Studies, this study included 48,554 total sales proximate to 10 wind farms, and 27 

412 post-construction sales within one mile of a turbine.  These wind farms were 28 

mostly small facilities in urban settings.  The study included nuisance and scenic 29 

vista stigmas.  The report stated, “Both the whole sample analysis and the repeat 30 

sales analysis indicate that houses within a half mile had essentially no price 31 

change . . .” after the turbines were erected.  (Exhibit 4 at 18.) 32 
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 1 

 Richard J. Vyn and Ryan M. McCullough (2013). The Effects of Wind Turbines 2 

on Property Values in Ontario: Does Public Perception Match Empirical 3 

Evidence?  University of Guelph, Canada.  (Exhibit 5.)  This study analyzed two 4 

wind farms in Melancthon Township, Ontario, Canada, using 5,414 total sales and 5 

18 post-construction sales within one kilometer of a wind turbine.  The study 6 

included nuisance and scenic vista stigmas.  The study concluded that: “these 7 

results do not corroborate the concerns regarding potential negative impacts of 8 

turbines on property values.”  (Exhibit 5 at 2.) 9 

 10 

 Carol Atkinson-Palombo and Ben Hoen (2014). Relationship between Wind 11 

Turbines and Residential Property Values in Massachusetts. University of 12 

Connecticut and Lawrence Berkeley National Laboratory (Exhibit 6.)  This study 13 

included 312,677 total sales proximate to 26 wind farms, and 1,503 post-14 

construction sales within one mile of a wind turbine.  These wind farms were 15 

located in urban settings and were primarily proximate to small wind farms.  The 16 

study included wind turbines and other environmental amenities/disamenities 17 

(including beaches and open spaces/landfills, prisons, highways, and major roads) 18 

together, for nuisance stigma.  “Although the study found the effects from a 19 

variety of negative features . . . and positive features . . . the study found no net 20 

effects due to the arrival of turbines.”  (Exhibit 6 at 1.)  21 

 22 
Q. Are you aware of any peer-reviewed studies that have found a connection between wind 23 

turbines and property values? 24 

A. I am not aware of any peer-reviewed study that has concluded that wind turbines have an  25 

impact on property values.  I have seen anecdotal reports of such association, but anecdotal 26 

reports alone cannot form the basis for a market study.  27 

 28 

Q. To what anecdotal reports are your referring?  29 

A. I have reviewed publications from Michael McCann and Kurt Kielisch that claim to support 30 

an adverse impact of wind turbines on property values.  Neither follows accepted appraisal 31 
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practice or is persuasive.   McCann, for example, contends there is a negative impact for 1 

properties within three miles of a wind turbine.  His studies are filled with generalities and do 2 

not use generally accepted methodologies.  I agree with the criticisms of McCann’s work set 3 

forth in the prefiled testimony of Mark Thayer in In the Matter of the Application by Crocker 4 

Wind Farm, LLC for a Permit for a Wind Energy Facility and a 345 kV Transmission Line in 5 

Clark County, South Dakota, For Crocker Wind Farm, SD PUC Docket, EL-17-055.  Thayer 6 

noted: 7 

 8 

Overall, Mr. McCann’s studies are cursory investigations using 9 
raw averages and paired sales methods. Each of these analyses is 10 
beset with the same range of problems, including: small samples; 11 
undefined sample selection methods; simple statistical measures; 12 
failure to account for obvious confounding factors; and subjective 13 
monetary adjustments applied inconsistently. Given these 14 
fundamental issues, the conclusions of such work are without 15 
foundation and completely lacking in scientific rigor. 16 

Moreover, Mr. McCann’s results are based on specific locations, 17 
specific local influences, and specific adjustment factors. As a 18 
result, even if the studies had been done with appropriate scientific 19 
rigor, they would not be transferable to any other situation. 20 
Further, only one assessment procedure is provided, one that 21 
always agrees with his previous work and never explores the 22 
impact on his conclusions of different samples, different selection 23 
methods, and/or different adjustment factors. 24 

 Kielisch’s reports are similarly flawed.  He attempts to use statistical analyses to support a 25 

claim that wind turbines affect property values, but his sample sizes are too small and his 26 

study has not been subjected to peer review.  See e.g. Kielisch, K.C. (2011).  “Wind Turbines 27 

and Property Value.”  Presentation, Appraisal Group One. 28 

  29 

VI. CONCLUSION 30 

 31 

Q. Does this conclude your testimony? 32 

A. Yes. 33 

 34 

Dated this 6th day of April, 2018. 35 
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___________________________________ 3 

Michael MaRous 4 
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ABSTRACT 

The Municipal Property Assessment Corporation (MPAC) commissioned this study of the effects of Industrial wind 
turbines (IWT) on the current value of property In proximity to the turbines. Over the last few years, the subject of IWTs 
has been the subject of a number of reports and studies - both In canada and worldwide. Past and current studies 
undertaken by both academics as well as real estate and health professionals have focused on the potential Impacts of 
IWTs on property value and health. Given MPAC's legislated mandate, this report focuses on the potential Impact of 
IWTs on property values. 

MPAC's study concludes that 2012 Current Value Assessments (CVA) of properties located within proximity to an IWT 
are assessed at their current value and are equitably assessed In relation to homes at greater distances. No adjustments 
are required for 2012 CVAs. This finding Is consistent with MPAC's 2008 CVA report. The 2012 CVA study also found that 
there Is no statlstlcally significant Impact on sale prices of residential properties In these market areas resulting from 
proximity to an IWT. The study underwent a rigorous independent third-party peer review and Includes appendices 
describing the study parameters and documenting the analyses. 

AUTHORS OF THIS REPORT 

Brian Guerin, BA (Hon), MRICS, M.I.M.A. 

Brian Guerin is Director, Valuation - Assessment Standards and Mass Appraisal, Office of the Chief Assessor with the 
Municipal Property Assessment Corporation. Mr. Guerin has almost 20 years of property assessment experience In the 
province of Ontario overseeing the mass appraisal of nearly five million properties. Since 1999, he has been responsible 
for the development of all mass appraisal models used In the valuation of all property types through seven province­
wide assessment updates. He holds an honours degree In Mathematics from Carleton University and Is a Chartered 
Valuation Surveyor with the Royal Institution of Chartered Surveyors and Is an accredited member of the Institute of 

Municipal Assessors. 

Jason Moore, BAS (Hon), MBA, UBC Certificate of Real Property Assessment 

Jason Moore Is Valuation Manager - Assessment Standards and Mass Appraisal, Office of the Chief Assessor with the 
Municipal Property Assessment Corporation. Mr. Moore oversees the mass appraisal of approximately 1.8 mllllon 
properties across 12 MPAC field offices lndudlng the regions of Durham, York, Halton, Peel, Niagara and cities of 

Municipal Property Asssessment Corporation C 
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Hamilton, Brantford and Brant as well as Norfolk Counties. He Is also responsible for the valuation and data collection 
procedures for residential and farm property types. Mr. Moore has given several presentations and tralnlng sessions on 
mass appraisal and regression analysis as well as specific residential and farm Issues. He has a Masters, Business 

Administration from McMaster University. 

Jamie Stata, BA, UBC Certificate of Real Property Assessment 

Jamie Stata Is a Property Valuation Specialist - Assessment Standards and Mass Appraisal, Office of the Chief Assessor 
with the Munldpal Property Assessment Corporation. Mr. Stata has nearly 25 years of property assessment experience 
in the province of Ontario. He currently conducts the valuation of residential development land across six counties In 
Southwestern Ontario and has completed the mass appraisal analysis for Huron, Perth, Gray and Bruce counties over the 
past five province-wide assessment updates. He has completed research on the combined valuation of residential and 
commercial properties as well as recently led a project team researching the acquisition of new cost estimates on farm 
buildings. Mr. Stata has presented at the International Association of Assessing Officers Annual Conference on 
Assessment Administration as well as the Mass Appraisal Valuation Symposium conducted by the International Property 
Tax Institute. 

Scott Bradfield, BSC (Hon) 

Scott Bradfield Is a Mass Appraisal Analyst with Assessment Standards and Mass Appraisal, Office of the Chief Assessor, 
Municipal Property Assessment Corporation. Mr. Bradfield has over a decade of experience in regression and statistical 
analysis for property appraisal and Is currently responsible for all mass appraisal work for three MPAC field offices 
responsible for the cities of Hamilton, Brandford and Brant as well as Haldlmand and Norfolk Counties. He Is also 
MPAC's subject matter expert for residential valuation and data collection and has led several research projects for the 
corporation. Mr. Bradfield holds an honours Statistics degree from McMaster University. 

3 
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EXECUTIVE SUMMARY 

This report provides the results of the Municipal Property Assessment Corporation's (MPAC) study of the Impact of 
Industrial Wind Turbines on Resident/al Property Assessment In Ontario (2012 Assessment Base Year Study}. 

Background 

MPAC is responsible for accurately assessing and dasslfying property In Ontario for the purposes of municipal and 
education taxation. In Ontario, property assessments are updated on the basis of a four-year assessment cycle. The last 
province-wide Assessment Update took place in 2012 when MPAC updated the assessments of Ontario's nearly five 
mlllfon properties to reflect the legislated valuation date of January 1, 2012. Assessments updated for the 2012 base 
year are In effect for the 2013-2016 property tax years. Ontario's assessment phase-In program prescribes that 
assessment Increases are phased In over a four-year period. Any decreases In assessment are applied Immediately. 

When assessing any property, MPAC relies on the real estate market to Indicate what Influence a factor, such as 
Industrial Wind Turbines (IWT), may have on a property's value. MPAC does this through the ongoing study and analysis 
of the market Including the Investigation of sales transactions. This market analysis typically reveals whether or not a 
factor has a negative, positive, or no Impact on a property's value. 

Over the last few years, the subject of IWTs has been the subject of a number of reports and studies - both In Canada 
and worldwide. Past and current studies undertaken by both academics as well as real estate and health professionals 
have focused on the potential Impacts of IWTs on property value and health. Given MPAC's legislative mandate, this 
report focuses on the potential Impact of IWTs on property value. 

MPAC has completed two reviews of the Impact of IWTs: 2008 and 2012 Base Year Studies. 

2008 Base Year Study 

In 2008, MPAC undertook a study looking at the Impact of IWTs on residential assessments using the 2008 base year. 
The 2008 study concluded that the presence of Industrial wind turbines that are either abutting or In proximity to a 
property did not have a positive or negative Impact on the value of assessments. 

20U Base Year Study 

In response to the growing presence of IWTs In Ontario as well as requests for Information from stakeholders, MPAC 
undertook a new study using the 2012 assessment base year to provide a thorough examination of the Impact of IWTs 
on residential property assessment. 

Speclflcally, the study examined the following two statements: 

1. Determine if residential properties In close proximity to IWTs are assessed equitably in relation to residential 
properties located at a greater distance. In this report, this Is referred to as Study 1-Equity of Residential 
Assessments In Proximity to Industrial Wind Turbines. 

2. Determine If sale prices of residential properties are affected by the presence of an IWT In close proximity. 
In this report, this is referred to as Study 2-Effect of Industrial Wind Turbines on Resident/al Sale Prices. 

4 

Munlclpal Property Asssessment Corporation © 
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Study 2 was added to the original scope of the review to respond to enquiries MPAC received from stakeholders and 

interested parties. 

To conduct these studies, MPAC considered 15 market areas with sufficient sales to allow for analysis and applied 
Industry standard mass appraisal techniques and internationally accepted ratio study standards. 

To determine equity of assessments of properties within close proximity to an IWT, MPAC conducted an Assessment-to­
Sale Ratio (ASR) study. An Individual ASR is calculated by dividing the assessed value of each property by its time 
adjusted sale price. A ratio study is conducted to first establish the level of appraisal for a group of properties and equity 
Is determined by comparing the level of appraisal with other groups of properties. If a group of properties Is assessed at 
market value, the median ASR will lie between 0.95-1.05. By definition, equity Is said to exist if there is 5% or less 
difference between property categories (or groups of properties) as per International Association of Assessing Officers 
(IAAO) ratio study standards. 

The level of appraisal for properties within 1 km of an IWT Is 1.034. The level of appraisal for properties at greater 
distance (1-2 km, 2-5 km and over 5 km) range from 0.989 to 0.992, a 4.2- 4.5% differential, which Is below the 5% noted 

above. 

Conclusions 

Following MPAC's review, It was concluded that 2012 CVAs of properties located within proximity of an IWT are assessed 
at their current value and are equitably assessed In relation to homes at greater distances. No adjustments are required 
for 2012 CVAs. This finding Is consistent with MPAC's 2008 CVA report. 

MPAC's findings also concluded that there Is no statistically significant impact on sale prices of residential properties In 
these market areas resulting from proximity to an IWT, when analysing sale prices. 

In addition to the results shared in this report, MPAC also commissioned an internationally recognized expert In the field 
of mass appraisal and ratio studies to review the report and its findings. This expert has confirmed the findings in this 
report (Appendix A). 

As MPAC works towards the next province-wide Assessment Update in 2016, qualified valuation staff will continue to 
study and analyse the Ontario real estate market Including Investigation of sales transactions to determine the Impact of 
various factors - Including IWTs - have on a property's value. 
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INTRODUCTION 

The topic of wind energy is front and centre in the minds of a large number of Ontarians, particularly those living in rural 
areas of the province. There has been extensive reporting on the numerous aspects of this new development, be It In 
the reports of health effects, the approval process for siting IWTs, or the potential for property devaluation due to the 
perceived stigma attached to these developments. 

Several studies, based on both scientific and non-empirical methods, have been completed by academics and real estate 
professionals to determine whether or not an adverse effect on sales prices exists with the presence of an IWT on a 
nearby property. In a recent study in the United States1, released by the Berkeley National Laboratory and prepared for 
the U.S. Department of Energy, results indicate a minimal Impact on property values as a result of being in close 
proximity to IWTs. One Ontario case stud'(, released In 2013, argues that properties in Ontario are devalued by as much 
as30-35%. 

current studies on both the valuation Impact and health effects are underway by the University of Guelph1 and Health 

canada4• 

Prior to undertaking this study, MPAC conducted a study using 2008 base year current Value Assessments (CVA}, to 
determine whether residential properties located near IWTs were equitably assessed when compared to properties at a 
greater distance. The study was based on very llmlted sales Information as there were a limited number of Industrial 
wind turbines In the province at that time. As a result, It was difficult to draw meaningful conclusions with the 2008 
study. Based on the available sale Information, no adjustment to value was required for the 2008 CVA. 

In conducting this current study, MPAC had additional sales data to review than It did In 2008. In addition to more sales, 
MPAC also received Requests for Reconsideration from the owners of 83 properties where proximity to IWTs was listed 
as a concern following the 2012 province-wide Assessment Update. 

1 Ben Hoen et al, • A Spatial Hedon le Analysis of the Effects of Wind Energy Facllitles on Surrounding Property Values In the United 
States-, Berkeley National Laboratory, August 2013 
2 Ben Lanslnk, •case Studies: Diminution/ Change In Price Melancthon and Clear Creek Wind Turbine Analyses, Municipal Property 
Assessment Corporation (MPAC) Current Value Changes, n Lanslnk Appraisals and Consulting, February 2013 
3 R Vyn and R McCullough, -rhe Effects of Wind Turbines on Property Values In Ontario: Does Perception Match Empirical 
Evldencer, canadian Journal of Agricultural Economics, forthcoming 
'http-.J/www.hc-sc.gc.ca/ewh-semt/consult/ _2013/wind_turblne-eollennes/lndex-eng.php 
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6 

002483



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 8 of 163

PURPOSE OF THIS REPORT 

This 2012 base year report has been written to provide a thorough examination of the Impact of IWTs on residential 
property assessment. Speclflcally, the report examines the following two statements: 

1. Determine If residential properties In close proximity to IWTs are assessed equitably In relation to residential 
properties located at a sreater distance. In this report, this Is referred to as Study 1-Equity of Residential 
Assessments In PtoJtlmlty to Industrial Wind Turbines. 

z. Determine If sale prices of residential properties are Impacted by the presence of an IWT In close proximity. 
In this report, this Is referred to as Studv 2-El/ed of Industrial Wind Turbines on Residential Sale Prices. 

Study 2 was added to the orislnal scope of the review to respond to enquiries MPAC received from stakeholders and 
Interested parties. 

LEGISLATION 

Sections of the Assessment Act relevant to this study Include the following: 

Section 1 (1): •current value" means, In relation to land, the amount of money the fee simple, If unencumbered, would 
realize If sold at arm's lensth by a wllllns seller to a wllUng buyer; ("valeur actuelle"). 

Section 19 (1): The assessment of land shall be based on Its current value. 

Municipal Property Asssessment Corporation C 
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VALUATION OF RESIDENTIAL PROPERTIES 

To estimate value of residential properties, MPAC applies the Direct Comparison Approach (DCA) in a mass appraisal 
environment. DCA estimates the current value of a subject property by adjusting the sate price of comparable 
properties for differences between the comparable properties and the subject property. Mass appraisal is the valuation 
of a group of properties as of a given date using standardized processes, employing common data, and allowing for 
statistical testing. 

Multiple Regression Analysis 

The DCA approach to value in a mass appraisal setting uses Industry standard Computer Assisted Mass Appraisal (CAMA) 
techniques and, In particular, a statistical tool known as Multiple Regression Analysis (MRA). 

Regression analysis Is a statistical technique used to analyse data In order to predict the value of one variable, such as 
market value, based on known data (e.g., living area, tot size, quality, location, etc.). If only one variable is used, such as 
living area, the procedure Is called Simple Regression Analysis. When two or more variables are used In the analysis, the 
procedure Is called Multiple Regression Analysis. 

MRA estimates the value of one variable (I.e., the dependent variable) based on the Information from the available data 
{I.e., the Independent variables). Assessing authorities, such as MPAC, develop an equation that estimates current value 
based on the sale prices and property characteristics of sold properties. The equation, or valuation model, provides the 
best estimate of current value In statistical terms since It reduces the overall error between sale price and predicted 
value (estimated current value) to the lowest possible amount In dollar terms. 

Market Areas 

In Ontario, MPAC has defined 130 residential market areas. Market areas are geographic areas subject to the same 
economic Influences. One valuation model is built for each market area. A market area could be a section of a larae 
city, like Toronto, a medium size city like Nlapra Falls or a duster of smaller towns. Also, It could be the rural residential 
properties with a county or a group of lakes in a reaeational waterfront area such as Muskoka or the Kawartha Lakes. 

Key Factors Affecting Value 

Approximately 85% of the current value of a property can be attributed to the following five property characteristics: 
location, building area, construction quality, lot size and age of the home adjusted for renovations and additions. Other 
features that may be adjusted for Include; water frontage, building amenities (e.g., basement area, basement finish, 
bathrooms, fireplaces, heating, air conditioning), secondary structures (e.g., garages, In-ground pools), site features 
(e.g., abutting green space, abutting a ravine, abutting a commercial property, topography, comer lot, traffic pattern). 
Not all features will enter every market model; therefore, value Influences will differ across the province. 

Legislated Valuation Date 

All estimates of current value represent market conditions as of January 1, 2012, the legislated valuation date for the 
2013-2016 property tax years. As a result, part of MPAC's analysis is to determine the amount of Inflation or deflation In 
each market area and adjust sale prices for time In relation to the legislated valuation date. 
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Sales Ratio Study 

Once each valuation model has been developed, It Is tested to ensure equity, accuracy and uniformity using a sales ratio 
study. A sales ratio study ensures that the overall level of appraisal of the market area is within corporate and Industry 
standards for accuracy and uniformity. The second aspect of the sales ratio study Is to ensure that equity has been 

achieved across all major property characteristics. 

Application of Valuation Model 

Once the statistical testing has been completed, and the valuation model for each market area has been deemed 
appropriate, It is applied to all the applicable properties In the market area and individual value review commences by 
qualified valuation staff. The purpose of this exercise Is to reconcile the value estimates to ensure that a fair and 
equitable assessment has been placed on each property. These efforts tend to focus on areas with few sales and 
properties with features that cannot be captured within mass appraisal models. This review work continues up until the 
Assessment Roll is provided to each municipality and wlll Include sales before and after the valuation date. 

Sales 

For this study, sales In proximity to IWTs were found in 15 market areas. 

Table 1- MPAC Market Area Desafptlons 

MarketArea MPACReglon Desalptfon 

05RR030 05 - Kingston 
Napanee, Loyalist Township, Frontenac/Lennox & Addington 
Counties South Rural/Waterfront 

20RR010 20 - Brantford Brant, Haldlmand, Norfolk Counties - Rural/Waterfront 

22RR010 22 - Kitchener Dufferln & Wellington Counties - Rural 

22UR020 22 - Kitchener Dufferln County Villages 

22UR030 22 - Kitchener Wellington County VIiiages 

23RR010 23-London Elgin, Middlesex & Oxford Counties - Rural 

Z4RR010 24 - Goderich Huron & Perth Counties - Rural/Waterfront 

ZSRR010 25 - Owen Sound Grey & Bruce Counties - Rural/Waterfront 

ZSUR010 25 - Owen Sound Grey & Bruce Counties - Urban 

26RR010 26-Chatham Chatham-Kent - Rural/Wallaceburg 

26RR030 26-Chatham Lambton County - Rural/Waterfront 

27RR120 27-Wlndsor Essex County 

27UR070 27-Wlndsor Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

J1RR010 31-Sault Ste Marie District of Algoma 
31UR010 31-Sault Ste Marie Sault Ste. Marte/Prince Township 

Adjustments for belns In proximity to IWTs were not included when establishing Cl/As for the 2008 or 2012 base year In 
any of these market areas. 
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INDUSTRIAL WIND TURBINES 

2012 BASE YEAR ANALYSIS 

Between 2008 and 2012, Ontario has seen a proliferation of wind turbine projects, with the Introduction of the Green 
Energy Act In 2009, and the Feed-In-Tariff (FIT) program. This has resulted In a much larger set of available sales data for 
properties In proximity to these projects. 

For the purposes of the 2012 base year study, MPAC has adopted a definition of an IWTto be one with a capacity of at 
least 1.5 megawatts. This Is consistent with the definition currently being used by Health canada5• In Instances where 
the generating capacity of the IWT was not available In MPAC's property assessment database, It was calculated by 

dividing the IWT legislated rate of $40,000 per megawatt (MW) Into the assessed value of the IWT. 

DATA COLLECTION 

MPAC assigns a property code of 567 to represent IWTs. As per legislation In the Province of Ontario at the time of this 
report, IWTs are valued at $40,000/MW, plus the value of the associated land at the Industrial tax dass. MPAC analyzed 
sales within 5 km of any IWT with a generating capacity of 1.5 MW or higher. 

To ensure MPAC's Inventory of IWTs was as complete as possible, geographic co-ordinates were acquired from NAV 
canada. Any IWTs Identified by NAV canada that had not yet been field inspected by MPAC were inspected by local 
staff and all relevant data keyed Into MPAC's database. Any IWTs Identified on MPAC's computer database that were 
not lnduded on NAV canada's database were Inspected by local MPAC staff and the GPS co-ordinates were collected. 
MPAC staff then process controlled all IWT co-ordinates to ensure accuracy (e.1., co-ordinates not pladng the IWTs on 
the correct property). Of the 1,185 IWTs In MPAC's database after this exercise, only 28 had a capacity below 1.5 MW, 
leavlng 1,157 IWTs for review. The distribution across MPAC's market areas Is as follows: 

Table 2 • Coant of IWTI by Market Area 

Market Area MPACRfllon Desafptlon 
IWl'Caunt 

Property 
Count 

05RRG30 
05- IClnsston Napanee. Loyalist Township, Frontenar,/lennox & 

86 63 Add'..- CountlesSouth RuralJWaterfront 
20RR010 20- Brantford Brant, Haldlmand, Norfolk Counties· Rural/Waterfront 53 42 

22RR010 22- ICltchener Dufferln & Welffngton Counties • Rural 163 107 

Z3RR010 23-London Efsln, Middlesex & Oxford Counties· Rural 37 26 

24RR010 24-Goderich Huron & Perth Counties· Rural/Waterfront 21 18 

25RR01D 25-0wen Sound Grey & Bruce Counties. Rural/Waterfront 167 136 

26RIUl10 26-Chatham Chatham-Kent· Rural/Wallaceburs 325 247 

2&R!I030 26-Chatham Lambton County· Rural/Waterfront 10 8 

Z7RR1ZO 27-Wlndsor Essex County 170 145 

11RR010 31-Sault Ste. 
Dlstrfd of Alsoma 69 21 Marie 

11UR010 31-Sault Ste. Sault Ste. Marie/Prince Township 56 21 Marie 
TOTAL 1,157 834 

5 http://www.hc-sc.sc.ca/ewh-semt/consult/_2013/wlnd_turblne-eollennes/comments_partl-commentalres_partle1-eng.php#a16 
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As some properties had more than one IWT erected on them, the property count does not match the count of IWTs. 

Virtually all lWTs are erected on vacant lots or farm properties, with almost 90% located on farms and the remainder on 

vacant lots. 

The year of construction of IWTs In the database ranges from 2002 to 2013, with a market area breakdown as follows: 

Table 3 -Typfcal Physlcal Characteristics of IWTs Across Ontario 

MPAC Med1anYear Earliest Year LatestYear Median Minimum Maximum 
MarketArea Region of of of · Generatrng Generating Generating 

Construction Construction Construction canadty canadty C8Dadtv 
05RR030 OS - Klngston 2008 2008 2008 2.30 1.65 2.30 

20RR010 20 -Brantford 2007 2007 2008 1.50 1.50 1.65 

22RR010 22 - Kitchener 2008 2006 2012 1.50 1.50 2.40 

23RR010 23-London 2007 2006 2007 1.50 1.50 1.50 

24RR010 24 - Goderich 2006 2006 2006 1.80 1.80 1.80 

25RR010 25-0wen 
2008 2002 2012 1.65 1.60 2.30 Sound 

26RR010 26-Chatham 2010 2008 2013 2.00 1.50 2.50 

26RR030 26-Chatham 2008 2008 2009 1.65 1.50 1.65 

27RR120 27-Wlndsor 2010 2010 2010 2.30 1.65 2.30 

31RR010 31-Sault Ste. 
2006 2006 2006 1.50 1.50 1.50 Marie 

31UR010 31-SaultSte. 
2006 2006 2006 1.50 1.50 1.50 Marie 

OVERALL 2008 2002 2013 1.80 1.50 2.50 
Refer to Table l for market area descriptions. 

The following map shows the locations of the IWTs used In the analysis. Appendix B provides the work instructions for 
local MPAC staff when determining the GPS co-ordinates for each IWT used In the analyses. 
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Flgure 1 

Location of IWTs Across Ontario 

SALES INVESTIGATIONS 

For the purposes of this study, all sales where any portion of a property was within 2 km of one or more IWTs were 
flagged for Inspection by MPAC. The sale was Investigated to ensure It was an arm's length transaction and that the 
property data on file reflected what existed at the time of the sale. Also, GPS co-ordinates were collected from the 

corner of the residence nearest an IWT. Finally, where possible, pictures were taken from the residence towards the 

closest surrounding IWT(s). Once this step was completed, distance was once again calculated from the co-ordinates of 

the IWT to the co-ordinates of the corner of the residences nearest an IWT. This was the actual distance used in the 

study for sales within 2 km. Appendb< C includes the work instructions for staff conducting the sales review for this 

project. 

A view variable was created using the pictures and descriptions provided for sales within 2 km of an IWT. Three 

categories were created: 
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Full View 

Partial View 

13 
Municipal Property Asssessment Corporation <C> 

002490



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 15 of 163

No View 
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STUDY 1- EQUITY OF RESIDENTIAL ASSESSMENTS IN PROXIMITY 

To INDUSTRIAL WIND TURBINES 

For this study, MPAC analyzed open market sales of Improved residential properties from January 2009 through 

December 2012, in the market areas surrounding IWTs. A market area is defined as a geographic area, usually 

contiguous, subject to the same economic Influences, where properties tend to Increase or decrease In value together. 

Sales Filters 

To account for typical minimum sale amounts, any sale below $10,000 was removed In Southwestern or Eastern 

Ontario, and any sale below $5,000 was removed in Northern Ontario. Any sale on a property on which an IWT sits, was 

removed from analysis to avoid the potential Influence that the Income stream associated to such properties may offer. 

Cases where a property sold as a vacant lot and has since been built on, or a sale representing a built on property that is 

now a vacant lot, have also been removed from the analysis. There were five market areas with five or fewer sales and 

these were excluded from the analysis. To verify the validity of the remaining sales, any sale within 2 km of an IWT was 

field inspected and reviewed by staff from the local MPAC offices. Sales determined to be other than open market 

transactions, or suspect, were removed from analysis. For the sales outside of a 2 km buffer, those with extreme ratios 

of Current Value Assessment to sale price as defined by the International Association of Assessing Officers (IAAO) 
Standard on Ratio Studies6, were also removed from analysis. 

Assessment-to-Sale Ratio Study 

To establish the level of appraisal and test for equity, MPAC looks at Assessment-to-Sale Ratio (ASR). The ASR is 

calculated by dividing the assessed value of each property by its time adjusted sale price. 

One would expect to see a median ASR between 0.95-1.05 for a group of properties ff they are assessed at market value. 

The median ASR of different categories of properties can be compared against one another to ensure that they align and 

therefore, the level of appraisal Is equitable between each group. If the median ASR for a group of properties Is higher 

than another group, this would Indicate that It Is assessed at a higher level of assessment. 

Mean and median ASRs and their 95% confidence Intervals were calculated for groups of view and distance variables. 

The median always divides the data into two equal parts and Is less affected by extreme ratios than other measures of 

central tendency. Because of these properties, the median Is the generally preferred measure of central tendency. 

When the mean or median Is calculated on the data In a sample, the result Is a point estimate, which Is accurate for the 

sample but is only one indicator of the level of appraisal In the population. Confidence Intervals around the measures of 

level provide Indicators of the reliability of the sample statistics as predictors of the overall level of appraisal of the 

population. Note that noncompliance with appraisal level standards cannot be determined without the use of 

confidence Intervals or hypothesis tests 7. A confidence Interval consists of two numbers (upper and lower limits) that 
bracket a calculated measure of central tendency for the sample; there Is a specified degree of confidence that the 

calculated upper and lower limits bracket the true measure of central tendency for the population. 

6 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, pp. 53-54 
7 Ibid, p.13 
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MPAC looked at three different data elements In determining If equity exists: 

1. Abutting a property with an IWT; 
2. Distance to closest IWT; and, 
3. View of an IWT. 

1. ABUTTING A PROPERTY WITH AN IWT 
There were 32 sales of properties that directly abutted a property with an IWT, 31 of which were within 1 km of an IWT 
as would be expected and one sale within 2 km (two large abutting lots). When looking at the 31 abuttins properties 
within 1 km of an IWT In comparison to sales less than 1 km from an IWT that do not abut an IWT, the median ASR Is 
actually lower for properties abutting an IWT (0.989 abutting vs. 1.040 not abutting). This Indicates that there Is no 
Inequity between properties that abut an IWT and other properties within 1 km that do not physically abut an IWT. 

When looking at all sales that abut a property with an IWT the median ASR Is very near 1.00. 

Table 4 • Abutting an IWT ASRs 

Numberof Median 
Lower Upper Actual 

Sales 
Confidence Confidence Coverage(%) 

Urnlt Urnlt 
Abuttln1 Wind 

32 1.002 0.929 1.121 98% Turbine 

Based on all sales of properties abutting a property with an IWT there appears to be no difference between these 
abutting properties and sales that are a similar distance to a IWT but do not abut an IWT. See Appendix D1 - Abutting a 
Property with an /WT for statistical output. 
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2. DISTANCE TO CLOSEST IWT 
A breakdown of the 41,424 sales used In the analysis, by distance, follows: 

Table 5 • Distance Grouping by Market Area 

Pre-Construction · PosfConstnictlon'Sales' · · -

M~~" ;Mft~C Region 
. - " ---··--·-· -- .~ .. 

' 
·-. --

! ·~~-~ ; ·>$kiil -

<1km 1~2:ta.n : l-S~lml : <i;llqri, i~~.kln ;Area,. .·, 

' ' . - - . 

OSRR030 05 • Kingston 0 0 0 13 7 8 2,606 

20RR010 20 -Brantford 0 0 0 25 9 71 4,868 

22RR010 22 - Kitchener 1 3 29 25 22 54 1,597 

22UR020 22 - Kitchener 0 0 0 0 0 404 2,017 

22UR030 22 - Kitchener 0 18 4 0 74 28 2,300 

23RR010 23-London 0 0 1 4 52 71 4,300 

24RR010 24 - Goderich 0 0 0 2 3 98 786 

2SRR010 25 - OWen Sound 0 1 3 12 18 262 2,692 

2SUR010 25- Owen Sound 0 0 0 0 16 161 4,180 

26RR010 26-Chatham 31 86 427 52 214 409 663 

26RR030 26-Chatham 0 0 0 1 23 76 1,942 

27RR120 27-Wlndsor 20 62 132 92 210 636 2,198 

27UR070 27-Wlndsor 0 29 32 1 125 147 2,660 

31RR010 31-Sault Ste. 0 0 0 0 5 7 1,483 
Marie 

31UR010 31-Sault Ste. 0 0 0 0 12 3 2,801 
Marie 

TOTAL 52 199 628 227 790 2,435 37,093 
Refer to Table 1 for market area descriptions. 

comparing the median assessed value to the median time adjusted sale amount by the distance categories the figures 

are very similar. The results for all sales are provided in the following graph. 
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Figure 2 • Comparison of CVA and Time Adjusted Sale Price by Distance Groupings 

\IVlthlnHm 1 km to 2km 2km to 5km 

BufferOist_min 
Outside 5lun 

201 2°.C1XTent Vs!Ue 
Assessment 
f irne A~ed Sale Price-

Appendix D2 - CVA and Tas-Amt Bar Charts contains a similar bar chart for each market area. 

When broken into the distance categories, sales within 1 km of an IWT show a higher median ASR than the other groups. 

Table 3 • Distance Grouping ASRs 

Distance Number of Median 
Lower Upper 

Actual 
Grouping Sales 

Confidence Confidence 
Coverage (%) 

Umit Umit 
Within 1 km 279 1.034 1.011 1.057 95.8% 
lkmto2km 989 0.989 0.979 1.000 95.1% 
2kmto5km 3,063 0.992 0.988 0.997 95.3% 
Outside 5 km 37,093 0.992 0.991 0.993 95.0% 
OVERALL 41,424 0.992 0.991 0.994 95.0% 

Sales of properties within 1 km of an IWT have a median ASR of 1.034 while the overall median for all sales outside of 5 

km of an IWT is 0.992. This is a difference of 4.2%. Also, the median confidence interval does not overlap the 

confidence interval for the other groups. This indicates the difference is statistically significant. Sales between 1 km and 
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s km away from an IWT appear to be assessed at the same level of appraisal as the sales greater than S km from an IWT. 
See Appendbc D3 - Distance by Market Area and Type for ASR data for each market area. 

In Study #2, regressions were run for all rural market areas. Urban models were not recalibrated since there was only 
one sale within 1 km of an IWT In all urban areas. To ensure that the ASRs were equitable for sales within 5 km of an 
IWT In urban market areas, the urban and rural markets were looked at separately. The results are displayed below. 

Table 4- Distance Grouplnp-Urban Market ASRs 

Median ~ . Upper .. 

Distance Numberof · Confidence Confidence· Actual 
Grouping Sales . Umlt · , ·Umtt Coverage (%) 

Withlnlkm 1 1.138 
1kmto2km 274 0.975 0.955 0.992 95.4% 
2kmto5km n9 0.976 0.969 0.984 95.5% 
Outside Siem 13,958 0.988 0.986 0.990 95.1% 

OVERALL 
15,012 0.987 G.985 0.989 95.19' 

Table s- Distance Grauplnp- Rural Market ASRs 

Distance Numberof Median Lower Upper 
Actual 

Grouping Sales 
Confidence Confidence Coverage(%) 

Umlt Umlt 
Withlnlkm 278 1.034 1.011 1.055 95.2% 
1kmto2km 715 0.996 0.982 1.008 95.7% 
2kmto5km 2,284 0.999 0.993 1.005 95.3% 
Outside Siem 23,135 0.995 0.993 0.997 95.1% 

OVERALL 
26,412 0.996 OS94 0.997 95.0% 

In the urban markets, there Is only one sale within 1 km of an IWT. The median ASRs for sales outside of 1 km are all 
below 1.00. They are slightly lower than the results for the rural market areas; however, the median ASRs outside 1 km 

In the rural market areas are still below 1.00. Based on these results, it appears that urban market areas are equitably 
assessed with regard to the distance to the closest IWT. Also, there Is no significant difference between urban market 
areas and rural market areas regarding the Influence of distance to the closest IWT. See Appendix D3 - Distance by 
Market Area and Type for ASR data for each market type. 
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3. VIEW OF AN IWT 
When all sales within 2 km of the nearest IWT are analyzed together, the median ASR for full view Is higher than the 
median ASR for properties with no view. However, there Is correlation between full view and distance. Almost 75% of 
sales within 1 km of an IWT have a full view while only 25% of sales from 1 to 2 km to an IWT have a full view. As 
mentioned above, sales within 1 km of an IWT have a median ASR higher than the other distances. Therefore, the sales 
were split Into two groups to perform the ratio study by view towards the dosest IWT. 

Table & • View Groupings-Sales within 1lan ASRs 

Numberof Median Lower Upper 
Actual View sates 

· Confidence Confidence 
Coverage'") .. Umlt Umlt 

Fullvrew 190 1.032 1.001 1.060 95.0% 
Partial vrew 33 1.005 0.952 1.057 96.5% 
No View 56 1.064 0.998 1.092 95.6% 

OVERALL 279 1.034 1.011 1.057 95.8% 

Within 1 km, sales with no view have the highest median ASR (1.064 vs. 1.032 for full view) based on 56 sales. Partial 
view has the lowest median ASR at 1.005. This seems to indicate that view does not affect ASR for sales within 1 km of 
an IWT. 

The ASR results for sales from 1 km to 2 km away from an IWT are: 

Table 7 • View Grauplnp-Sales 1lan tD 2lan ASRs 

Numberof 
Lower Upper 

Actual 
View Sales Median Confidence Conlklence 

Caveraae "') Urnlt Umlt 
Full View 239 1.001 0.981 L026 96.2% 
Partial vrew 103 0.980 0.939 L018 95.2% 
Novrew 647 0.984 0.972 0.997 95.1% 

OVERALL 989 0.989 G.979 1.000 95.1" 

Properties with a full view of one or more IWTs have a median ASR of 1.001 while properties with a partial view have a 
median ASR of 0.980. Sales with no vlew·have a median ASR of 0.984. There is a moderate difference between full view 
and no view of 1.7%. The confidence intervals of the three groups do overlap and all three groups have median ASRs 
dose to 1.00. See Appendix 04 • View All Sales and by Market Argo for ASR data for each market area. 
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SUMMARY OF FINDINGS 

Rgure3 

Location of Sales Across Ontario 

Section 9.2.1 of the IMO Standard on Ratio Studies states: 

Legend 

e Solo.S lim 

e S.loS IDTI 

"The level of appraisal of each stratum {class, neighborhood, age group, market areas, and the like) should be within 5 
percent of the overall level of appraisal of the jurisdiction. For example, if the overall level of appraisal of the jurisdiction 
is 1.00, but the appraisal level for residential property Is 0.93 and the appraisal level for commercial property is 1.06, the 
jurisdiction is not in compliance with this requirement. This test should be applied only to strata subject to compliance 
testing. It can be concluded that this standard has been met if 95 percent (two-tailed) confidence intervals about the 
chosen measures of central tendency for each of the strata foll within S percent of the overall level of appraisal 
calculated for the jurisdiction. Using the above example, if the upper confidence limit for the level of residential property 
Is 0.97 and the lower confidence limit/or commercial property is 1.01, the two strata ore within the acceptable range." 

Sales within 1 km of an IWT showed a level of appraisal that was higher than the median ASR of sales further away 

(median ASR of 1.034). The lower confidence level of sales within 1 km of an IWT is 1.011. This is well within 5% of the 
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Municipal Property Asssessment Corporation CC) 

002498



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 23 of 163

overall level of appraisal (1.011- 0.992 = 1.9%). So, although sales within 1 km of an IWT do have a median ASR above 

the overall level, the difference is not great enough to require value adjustment according to IAAO guidelines. These 
findings are illustrated in the following box plot. 

Figure 4 - ASR by Distance Grouping 
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The dark line within each box represents the median ASR. The lower and upper ends of the box represent the 25th and 

75"' percentiles, respectively. This box plot illustrates that the median ASR for sales within 1 km of an IWT Is slightly 

higher than the other groups, but the boxes for all the groups overlap. See Appendix DS - Distance Boxplots for 

additional graphs. 

Also, between 1 km and 2 km some testing appeared to indicate a difference in the level of appraisal based on the view 

towards the closest IWT. The median ASR for properties with a full view is 1.001 while the median ASR for properties 

with No View is 0.984. This is a difference of 1.7%. This difference is well below 5% without reference to the confidence 

intervals. Again, based on IAAO standards, the difference between median ASRs does not approach the threshold to 

require an adjustment. This is also illustrated using the following box plots. 
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Figure 5 - ASR by Vlew Grouping Sales 1km to 2km to an IWT 
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The median ASR for full view is slightly higher than the other two view categories but again there is a large amount of 

overlap among the three boxes. See Appendix D6 - View Boxplots for additional graphs. 

In the IAAO Standard on Ratio Studies, 20138,, an equity decision making matrix is provided to allow a jurisdiction to 

determine If equity exists between groups of properties. This matrix has been populated for the two scenarios 

described above. The performance standard range is 0.95 to 1.05. Note that if the point estimate is outside of the 

performance standard range but the confidence Interval does overlap the range, action is not required. 

Table 8 - Decision Making Matrix 

Point 
Confidence Cl Overlaps 

Scenario 
Estimate 

Interval (a) Performance 
Width Standard Range 

<1 km to IWT 1.034 1.011 to 1.057 Yes 
Full View 1 to 2 

1.001 0.981 to 1.026 Yes 
kmtoan IWT 

1 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, p. 35 

Municipal Property Asssessment Corporation (t) 

Point Estimate 
Action 

In Performance 
Required 

Standard Range 
Yes No 

Yes No 
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Therefore, based on the results of this analysis, there Is no inequity with regards to distance to the closest IWT and view 

towards an IWT. 

This finding is consistent with MPAC's 2008 study. MPAC's 2008 study Is lnduded as Appendix E of this report. 

Our findings are also consistent with a third party review of this study conduct by Robert J. Gloudemans. Mr. 
Gloudemans Is an Independent Internationally recognized mass appraisal consultant. MPAC provided Mr. Gloudemans 
with a dataset of all sales less than 5 km from the nearest IWT to conduct his analysis. Mr. Gloudemans' report Is 
Included as Appendix A. 

Municipal Property Asssessment Corporation C 
24 

002501



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 26 of 163

STUDY 2- EFFECT OF PROXIMITY TO INDUSTRIAL WIND TURBINES 

ON RESIDENTIAL SALE PRICES 
To determine If sale prices of residential properties are Impacted by being In proximity to IWTs, three blnary variables (O 
- No, 1-Yes) were created based on the following distance groupings: 

IWT_lkm 

IWT_2km 

IWT_Skm 

The home Is within 1 km of the nearest IWT. 

The home Is within 1-2 km of the nearest IWT. 

The centre of the lot Is within 2-5 km of the nearest IWT. 

The requirement for exact location of the house was assumed to be less Important as distance to the nearest IWT 
Increases and the centroid of the lot was deemed acceptable for the purposes of this study for properties further than 2 
km away from the nearest IWT. 

The regression models used to produce the January 1, 2012 Current Value Assessments were recalibrated with these 
variables Included to determine whether they would enter the equation at a statistically significant level. The typical 
significance level for Multiple Regression Analysls ls either 5% or 10%. 

If one or more of the distance variables enters a regression analysis significantly, that Is an indication that distance to an 
IWT affects sale prices In that market area and a value adjustment to the assessed value may be required. 
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SALES UTILIZED 

Table 9 provides a breakdown of the distance srouplns variables for each market area. 

Table 9 - Distance Grouping by Market Area 

':. : ·' Pre-Construction .. Post-COnstructfon . .. 
'Market MPACRegion <11cm 1-Zlcm 2-Slcm <!kin 1-21cm . 2-Slcm 
. ·Area 

OSRR030 OS • IClnpton 0 0 0 7 6 10 

20RR010 20 ·Brantford 0 0 0 19 7 54 

22RR010 22 • Kitchener 1 3 32 20 18 37 

22UR020 22 • Kitchener 0 0 0 0 0 281 

22UR030 22 • Kitchener 0 17 4 0 47 24 

Z3RR010 23· Landon 0 0 1 3 41 53 

24RR010 24 • Goderich 0 0 0 2 2 74 

25RR010 25- OWen Sound 0 2 2 8 10 201 

25UR010 25- OWen Sound 0 0 0 0 14 109 

Z6RR010 26-Chatham 33 81 415 15 96 173 

Z6RR030 26-Chatham 0 0 0 0 23 60 

Z7RR1ZO 27 • Windsor 22 66 185 64 128 397 

Z7UR070 27 • Windsor 0 30 33 1 78 84 

11RR010 31-Sault Ste. 0 0 0 0 12 19 
Marie 

11UR010 31-Sault Ste. 0 0 0 0 8 4 
Marie 

TOTAL 56 199 m 142 490 1584 

This table also Indicates the number of sales occurring pre-construction and post construction periods. Pre-construction 
sales Include sales one year prior to completion of the IWT. 

Two market areas have sufficient sales to test distance groupings and state of IWT construction, namely MPAC Region 

26-Chatham representing Lambton County- Rural/Waterfront (market area 26RR010) and MPAC Region 27-Wlndsor 
representing Essex County (market area 27RR120). Most market areas have sufficient sales within 1 km to test the value 
Impact within that distance. 

The sales period to develop valuation models ranges from December 2008 to December 2011 In these market areas. 

Table 10 provides a summary. 

Municipal Property Asssessment Corporation © 
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Table 10 • Market Area Sales Summary 

Medfal'.I Median Sale Date Median 
Market MPACRegfon Ho~$Ciuare Median 1.otS1ze Range Tiriie Adjusted· 

---Area ·- Footage (sq ft) Age(years) (Acres) (year/nionthl -Sale Price · · 
OSRR030 OS • Kingston 1,314 38 0.53 08/12 -11/11 $219,918 

20RR010 20 -Brantford 1,324 44 0.25 09/01-11/12 $218,254 

22RR010 22 • Kitchener 1,729 33 1.32 09/01-11/12 $401,056 

23RR010 23-London 1,441 40 0.32 09/01-11/12 $230,697 

24RR010 24 • Goderich 1,428 46 0.82 08/12 -11/11 $246,041 

25RR010 25 - Owen Sound 1,340 37 0.61 08/12 -11/11 $219,375 

26RR010 26-Chatham 1,245 52 0.23 09/01-11/12 $129,842 

26RR030 26-Chatham 1,346 39 0.26 09/01-11/12 $176,225 

27RR120 27-Wlndsor 1,305 37 0.20 09/01-11/12 $170,238 

31RR010 31-Sault Ste. 1,086 43 0.26 08/01-11/12 $85,065 
Marie 

OVERALL 1,332 39.S 0.29 09/01-11/12 $218,814 

Refer to Table 1 for market area descriptions. 

When reviewing sale counts for properties within 5 km of an IWT, It was determined that some sales occurred In the 
urban market areas; however, there were no sales of properties In these market cireas within 1 km of an IWT. For the 
purposes of this study, only rural market areas that had sales within 1 km were studied. 

Variables for each distance were added to the model for each market area. If the distance grouping variables entered 
the equation with 5% significance level (95% confidence level), It would indicate very strong statistical evidence that 
distance to the nearest IWT Is Impacting on sale prices. 

Tables 11 and 12 provide the dollar adjustment and an Indication If the variables entered the model with a 10%, 5% or 
1% significance level. Typically, MPAC sets a 5% significance level for any property characteristic to be included In a 
valuation model in accordance with statistical practice. 
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Market 

Table 11 • Dollar Adjustments In Market Areas with lnsuffldent Pre-Construction Sales 

MarketArea MPACReglon <1kni 1.;21on .. 2-Skm 
OSRR030 OS - Kingston +$36,435 .. ONE +$31,832** 

20RR010 20 -Brantford ONE ONE ONE 

22RR010 22 - Kitchener ONE ONE ONE 

23RR010 23-London ONE ONE -$21,021•• 

24RR010 24 - Goderich ONE ONE ONE 

2SRR010 25 - Owen Sound ONE ONE ONE 

26RR030 26-Chatham ONE ONE +$12,261** 

31RR010 31-Sault Ste. ONE ONE ONE 
Marie 

•, .. , • 0 Jndlcate that the dollar adjustment ls statistically significant at the 10%, 5% or 1% significance level, 
respectively (DNE ::r Did Not Enter) 

Table 12 - Dollar Adjustments In Market Areas with Sufficient Pre-Construction Sales 

MPACResfon Pre-Construction Sales Post Construction Sales 
Area <1km 1-Zkm 2-Skm <lkm 1·2km 2-Skm 

26RR010 26-Chatham 
-$6,451* -$3,686* ONE ONE ONE 

27RR120 27-Windsor ONE ONE ONE ONE ONE 

•, ••, ••• Indicate that the dollar adjustment Is statfstlcally significant at the 10%, 5% or 1% significance level, respectively 

(ONE= Did Not Enter) 

Appendix Flncludes the regression outputs referred to Tables 11 and 12. 
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Summary of Findings 

Rural valuation models used for the 2012 base year were re-calibrated incorporating the three distance variables. With 
the exception of MPAC Region 26-Chatham representing Chatham-Kent - Rural/Wallaceburg (market area26RR010} and 
MPAC Region 27- Windsor representing Essex County (market area 27RR120), there were insuffldent sales to study any 
potential difference in Impact pre-construction and post-construction. In the case of market area OSRR030 (MPAC 

Region S-Klngston representing Napanee, Loyalist Township, Frontenac/Lennox & Addington Counties South 
Rural/Waterfront), being within 1 km of an IWT entered the model as a positive value of $36,435. In this market area 
and the 26RR030 market area, the variable representing properties between 2 and 5 km from an IWT also entered 
positively. 

Upon review of the sales database, it was determined that the IWT variables created for this study were highly 
correlated with the neighbourhood locational Identifier. This strong correlation resulted In coefficients that did not make 
appraisal sense, and thus have been negated for the purposes of this study. 

For market areas 26RR010 and 27RR120, sufficient sales data was evident to study the activity on both pre-construction 
and post-construction home sales. In neither instance did any of the variables enter the regression for 27RR120. For 
26RR010, the variable Identifying sales within 1 km of an IWT entered in the pre-construction period, and then only at 
the 10% significance level. The indicated coefficient was -$6,451. The variable representing sales between 1 and 2 km 
away from an IWT also entered at a coefficient of -$3,686, also only at the 10% significance level. In the post­
construction period, no variable entered the regression for these areas. Thus, It can be assumed that any Impact, no 
matter how marginal, was Isolated in these areas to the post-announcement, pre-construction period. 

In market area 23RR010 (MPAC Region 23- London representing Elgin, Middlesex & Oxford Counties - Rural), the 
variable used to identify properties 2-Skm away from an IWT entered the regression with a negative coefficient. After 
review of the sales database, it was determined that this variable was highly correlated with the neighbourhood 
locational identifier. This is borne out by the fact that neither of the other~ closer, distance variables entered the 
regression. 

Wrth the exceptions noted above, no distance variables entered any regression equations for any of the other market 
areas. 

To further confirm its findings, MPAC also conducted an additional analysis using approximately 2,000 sales and re-sales 
following similar logic to the Lansink study. The main differences between the February 2013 Lanslnk Study and MPAC's 
re-sale analysis is the sample size and the determination of the increase in the market between re-sales. Using 2,051 
properties and generally accepted time adjustment techniques, MPAC cannot conclude any loss in price due to the 
proximity of an IWT. Appendix G Includes the re-sales analysis. 
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LIST OF REPORT APPENDICES 

Appendix-A- Independent Review of Report-Summary of Wind Turbines, Analysis by R.J. Gloudemans 

Appendix B - Industrial Wind Project - Work Instructions for 1wr Locations 

Appendix- C- lndustrlal Wind Project-Work Instructions for Sales Review 

Appendix-DI-Abutting a Property with an Industrial Wind Turbine 

Appendlx-02-CVA & TAS AMT Bar Charts 

Appendlx-03- Distance by Market Area and Type 

Appendlx-D4-Vlew All 5ales and Market Area 

Appendix- DS - Distance Boxplots 

Appendlx-D&- View Box Plots 

Appendlx-E- MPAC 2008 Report on the Impact of Wind Turbines on Residential Properties 

Appendlx-F- Regression Output for Study 2 

Appendix -G- Re-sale Analysis - Lanslnk & MPAC Industrial Wind Project-Sales Review 
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GLOSSARY OF TERMS 

Assessment Roll-An annual listing provided to each taxing authority in the Province of Ontario containing, among 
other things, the current value and tax dassification of each property within the jurisdiction. 

Assessment-to-sale Ratio (ASR)-The ratio obtained by dividing the assessed value of a property by the time adjusted 
sale price ofa property. 

Base Year-The year that an estimate of a property's value Is based on. 

CVA- Current value assessment. The estimated value of a property based on a specific date. 

Direct Comparison Approach to Value (aka sales Comparison Approach to Value)-An approach to valuing a property 
which estimates the current value of a subject property by adjusting the sale price of comparable properties for 
differences between the comparable properties and the subject property. 

Industrial Wind Turbine (IWT) -A wind turbine used to generate at least 1.5 MW of electrldty. 

GPS Co-ordinates -A set of two numbers that reference the latitude and longitude of a point on the Earth. 

Market Area -A market area Is defined as a geographic area, usually contiguous, subject to the same economic 
Influences, where properties tend to Increase or decrease In value together. 

Market Model - Geographic areas subject to the same economic Influences. 

Mass Appraisal-The valuation of a group of properties as of a given date using standardized processes, employing 
common data, and allowing for statistical testing. 

Median · The median of a group of numbers Is the middle number after they have been sorted from lowest to highest. If 
you have an odd number of cases, the median Is the middle value. If you have an even number of cases, the median Is 
the value midway between the two middle values. The median, In comparison to the mean, Is less sensitive to extreme 
values. 

Mepwatt (MW)-A unit of measure In energy generation or consumption. 

MPAC-The Municipal Property Assessment Corporation. A body responsible for determining the correct market value 
and tax classification for all properties In the Province of Ontario, based on current value assessment. 

Regression Analysis -A statistical technique used to analyse data In order to predict the value of one variable, such as 
market value, based on known data (e.g., living area, lot size, quality, location, etc.). 

For more information about MPAC and how MPAC assesses properties, visit www.mpac.ca. 

Municipal Property Asssessment Corporation <C> 
31 

002508



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 33 of 163

ALMY, GLOUDEMANS, JACOBS & DENNE 
Property Taxation aDd AssessmeDt ConsultaJJts 

7830 NORTH 10'" AVENUE• PHOENIX, ARIZONA 86021 • U.SA 
1-802-870-8388 • FAX: 1-802a1-2114 • htlp:/lwww.agJd.com 

Summary of Wind Turbine Analysis 
Robert J. Gloudemans 

December 4, 2013 

Appendix A 

At the request of the Municipal Property Assessment Cotporation {MPAC), the author conducted 
an analysis of residential sales within 5 kilometers of wind turbines. The objective of the project 
was to determine the impact of location near a wind turbine on residential property values. 

The analysis used improved residential sales in nine regions and eight market areas that occmred 
during calendar 2009-2013. Initially 4,332 sales met these criteria. Four sales with assessments 
and/or sales prices below $30,000 and 10 sales having exb.eme assessment-to-sales ratio ofless 
than 0.55 or greater than 1. 70 were removed from consideration, leaving 4,318 sales. 

The dependent variable in the analysis was assessment-to-sales ratios in which 2012 values were 
divided by time-adjusted sales prices. The models that produced 2012 values did not contain 
variables related to proximity near wind turbines. Thus, the relevant question is to what extent 
ratios on these properties are too high because of the absence of such adjustments. Independent 
variables included the following: 

• Distance from the nearest wind turbine, including binary variables for being within one 
kilometer, being within two kilometers, and being within S kilometers 

• A binary variable for abutting a property with a wind turbine 
• View of the nearest wind turbine: full, partial, or none 

Preliminary analyses found no meaningful differences in assessment levels among regions or 
market areas. 

Figure 1 shows a graph of assessment ratios with distance to the nearest wind turbine. A trend 
line has been drawn to the data, along with a horizontal reference line at 1.00. As can be seen, 
there is no meaningful relationship with the possible exception of properties within approximate­
ly 1 km. 

Figure 2 contains a box plot of being within 1, 2, or S km of a wind turbine. Again, ratios for 
properties within 1 km appear slightly high, while there is no difference between properties with­
in 2 or S km. 

Similarly, figure 3 is a box plot for abutting a wind turbine and figure 4 is a box plot of view of 
the nearest wind turbine (full, partial, or none). Properties with a full view of the nearest wind 
turbine may have slightly higher ratios. Of course, these will also tend to be those properties 
closest to a wind turbine. Regression analysis will determine the relevant variables. 
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Figure 5 shows the initial regression model. The Adjusted R-Square is .006 (meaning that the 
model explains only 0.6% of the variation in assessment ratios). The only significant variable, 
with a coefficient of 0.045, is being within 1 km of a wind turbine. The variable is significant at 
the 99% confidence level. 

Since the graphs and initial model revealed little systematic difference in ratios by any of the 
candidate variables, the ratios were further trimmed at 0.70 and 1.40 and the model rerun to dis­
cern relationships more clearly (3.0% of ratios exceeded the trim points). Figure 6 shows the 
revised results. Distance within 1 km is still the only significant predictor with a coefficient of 
.037 and relatively strong t-value of 4.7 (again significant at the 99% confidence level). 

Finally, sales within 1 kilometer were divided into those with a full view (183 sales), those with 
a partial view (32 sales), and those with no view of a wind turbine (54 sales). Figure 7 shows the 
resulting model with the three variables. Ironically, no view enters while partial view does not. 

We conclude that presence of a wind turbine (or turbines) has a statistically significant but minor 
impact on property values in the study area. The most relevant variable is close proximity. 
Based on the available data, distance within 1 km of a wind turbine tends to lower values approx­
imately 4 %. 

Figure 1-Graph of Ratios with Distance to the Nearest Wind Turbine 
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Figure 2 - Graph of Ratios with Kilometers (1, 2, or 5) to the Nearest Wind Tmbine 
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Figure 3 - Graph of Ratios with Abutting a Property with a Wind Turbine (0 = No, 1 = Yes) 
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Figure 4 - Graph of Ratios with View of Nearest Wind Turbine 
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Figure 5 - Initial Regression Model 

Md IS o e ummary 

Adjusted R Std. Error of the 

Model R R SQuare SQuare Estimate 

1 .076 .006 .006 .14514 

Coefficients 

Standardized 

Unstandardized Coefficients Coefficients 

Model B Std. Error Beta 

1 (Constant) 1.003 .002 

Within 1 km .045 .009 .076 

t Sia. 

439.333 .000 

5.024 .000 
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Excluded Variables 

Collinearity Sta-

Partial Correla- tistlcs 

Model Beta In t Ski. tlon Tolerance 

1 Abutting Wind Turbine .003 .167 .867 .003 .899 

VIEW_FULL .021 1.208 2ZT .018 .739 

VIEW_PARTIAL -.017 -1.121 .262 -.017 .983 

Wlthln2km -.006 -.399 .690 -.006 .980 

Distance to nearest turbine -.010 -.579 .563 -.009 .811 

Figure 6 - Revised Model With Outlier Ratios Removed 

M odel Summary 

Adjusted R Std. Error of the 

Model R RSauare Sauare Estimate 

1 .072 .005 .005 .12595 

Coefficients 

Standardized 

Unstandardized Coefficients Coefficients 

Model B Std. Error Beta t Sig, 

1 (Constant) 1.000 .002 496.937 .000 

Within 1 km .037 .008 .072 4.681 .000 

Excluded Variables 

Collinearity Sta-

Partial Correla- tlstlcs 

Model Betaln t Sig. lion Tolerance 

1 Abutting Wind Turbine -.024 -1.501 .134 -.023 .908 

VIEW_FUU .017 .935 .350 .014 .738 

VIEW_PARTIAL -.016 -1.010 .312 -.016 .983 

Wllhln2km -.008 -.497 .619 -.008 .980 

Distance to nearest turbine -.006 -.379 .705 -.008 .812 
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Figure 7 - Model With Sales within 1 Km Categorized by View (Full, Partial, or None) 

Modal Summary 

2 

R RSQuare Adjusted R 5QUare Std. Error of the Estimate 

.075 .006 .005 .12594 

Coefficients 

2 

Unstandardized Coefficients Standardized Coefficients 

B Std. Error Beta t Ski. 

(Constant) 1.000 .002 499.070 .000 

Full View .034 .010 .056 3.609 .000 

No View .057 .017 .051 3.331 .001 

Excluded Variables 

2 

ColUnearitv Statistics 

Betaln t SI~. Partial Correlation Tolerance 

Partial View .012 .796 · .426 .012 1.000 
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Robert J. Gloudemans 
Robert J. Gloudemans is a partner in Almy, Gloudemans, Jacobs & Denne. Bob previously 
worked for IAAO and the Arizona Department of Revenue. He provides consulting services in 
mass appraisal modeling, computer-assisted appraisal systems, and ratio studies and has served 
over 100 clients in the U.S., Canada, and internationally. He has served three appointments on 
the IAAO Standards Committee and has contnlmted extensively to the mass appraisal litera­
ture. He is the author of Mass Appraisal of Real Property (IAAO, 1999) and with his partner, 
Richard Almy, co-author of the new IAAO textbook, Fundamentals of Mass Appraisal (IAAO, 
2011). 
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MUNICIPAL PROPERTY ASSESSMENT CDRPCJRATIDN 

Industrial Wind Turbines - Inspection Project 

Work Instructions 

2013-05-01 

Provided by: Assessment Standards & Mass Appraisal 
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Work Instructions 

Objective 

MPAC is undertaking a study to determine whether properties within 2km of an industrial wind turbine 

(IWT) are valued equitably compared to properties further away. That is not to say that that IWTs do 

not affect value; but rather that any affect on value is accounted for in the 2012 current value 

assessments, or that the 2012 current value assessments are within standards. 

A preliminary study has already been completed by looking at the centre of properties with IWTs and 

reviewing the sales on properties whose centre is within 1km, 2km, and 5km. 

MPAC is now looking to expand the study by using the exact geographic co-ordinates of the IWTs and 

the co-ordinates of the surrounding houses. 

MPAC has purchased the geographic co-ordinates of most IWTs across the province. However, upon 

reviewing the data, it has come to light that: (1) there are roll numbers on IPS with IWTs where the data 

provider did not deliver co-ordinates; and (2) the data provider delivered co-ordinates for IWTs and 

MPAC has no structure keyed on IPS on those roll numbers. 

Before continuing with the study, both of these situations need to be addressed with the assistance of 

staff in Valuation and Customer Relations. 

Once this data Is collected and analyzed by Assessment Standards and Mass Appraisal (ASMA), 

additional data collection will be required for sold properties in proximity to properties with IWTs. 

Instructions 

Two files are being distributed with these instructions - one file contains roll numbers requiring staff to 

collect the geographic co-ordinates of the IWT(s) on a property (MPAC already has the IWT assessed); 

and the other file contains roll numbers requiring staff to assess the IWT(s) on a property (MPAC already 

has the geographic co-ordinates). 

2 
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1. Roll Numbers Requiring Staff to Collect the Geographic Co-ordinates of the IWT(s) on a 

Property 

To collect this data will require the use of a GPS device. For this project, we will use the 

"Garmin GPSMAP 76Cx color map navigator", which will provide the latitude and longitude that 

is required. These units were used during the Provincial Land Tax (PLT) project in Northern 

Ontario in 2007. Instructions on using the device are found in Appendix 1. 

The inventory file contains a list of roll numbers where MPAC data contains a structure code 

567 (Wind Turbine) on IPS. However, the data provider did not supply geographic co-ordinates. 

Note that there Is one line in the inventory per IWT, not per roll number. The inventory 

contains the IPS structure number of the IWT, it's year of construction, and the generating 

capacity of the IWT in Megawatts (MW). The final column, "Estimated", indicates whether the 

generating capacity has been estimated based on the value attributed to the structure. If 

possible, confirm the capacity while obtaining the co-ordinates - there should be a plate/stamp 

on the IWT with the generating capacity. 

When recording the co-ordinates for the lwrs, take the measurement from as close to the IWT 

as possible. Hold the device as steady as possible for two minutes or until the co-ordinates 

stabilize, whichever comes first. 

If you are unable to obtain close co-ordinates due to fences or other obstructions, take the 
measurement from as close as you possibly can; preferably such that there is a straight line 
between you and /WT, perpendicular to the road, and estimate what you think the distance is 
between where you take the measurement and where the IWT sits. Make sure that this is all 
recorded in the Comments. If possible, take a picture as well, and include it when you return the 
inventory files. Upon returning to the office, use iLOOKABOUI'., in an attempt to obtain more 
accurate co-ordinates. However, since these properties are generally in rural areas, you may 
not be able to obtain co-ordinates accurately using digital imagery. In either caseJ make note in 
the inventory that you have had to approximate the co-ordinates and the reason. 

2. Roll Numbers Requiring Staff to Assess the IWT(sl on a Property 

This inventory file contains a list of roll numbers where MPAC does not have an IWT on the 

Structure tab of IPS, but according to the data source purchased, there Is an IWT on the 

property. Note that for properties valued outside of IPS, we may In fact have the IWT 
assessed. In some situations, it may be that there Is an IT portion on the property with the 

correct value, representing the IWT and corresponding land, but no structure has been keyed 
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and no industrial land component created and valued. If this is the case, update IPS wrth the 

correct data. 

For the roll numbers in this Inventory, you are required to collect the data on the IWTs, key the 

structure and appropriate value into IPS, create an industrial land component with an 

appropriate value in IPS, and Issue a supplementary or omitted assessment if required. Note 

that for properties valued outside of IPS, these steps may be somewhat different; however, 
regardless of where a property is valued, IPS should contain a structure line for every IWT. Of 
course, if there are any outstanding permits on DTS for the IWTs, ensure that they are marked 

as complete. 

Some roll numbers in the inventory have (potentially) multiple IWTs to be assessed. If you find 

more IWTs on a property as compared to the inventory, make a note in the Comments field and 

include the co-ordinates. If you find less IWTs on a property as compared to the inventory, 

attempt to ascertain whether the IWTs you do find match anything on the inventory. If in 

doubt, please add as much detail to the Comments field on the inventory to help us understand 

the situation. 

If the IWT is still In the process of being erected, please make a note In the comments field of 

the inventory file. 

If there is no indication of any IWT on the property, or going to be added to the property in the 

near future, Indicate this in the comments field of the inventory file. 

What to do if the Owner isn't Home or Entry is Refused (from the Residential 

Valuation Theory and Data Collection Manual) 

If a property owner or any other adult person with authority does not appear to be 

present at the time of the visit, or it appears no one is at home at the time of the 

visit, you will make every reasonable effort to confirm no one is at home and verbal 

contact is not possible. Immediately upon confirmation that no one is at home, you 

must attach a proper notice to the main or common entrance door or in the 

alternative the mailbox, if available, explaining the reason for your visit. The notice 

will provide the owner/adult with authority with a method to contact MPAC 

subsequent to the visit to discuss the reason for the visit and/or provide information 

that may be requested concerning the property. After you place the notice, you will 

then continue to complete an exterior inspection of the property while respecting 

areas with restricted access. (But on/ if it is believed no one is at home.) 

4 

002519



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 44 of 163

Reminder: typical inspection procedures are to be followed; and IPS should be updated as 

required. 

Workload Counts by Region (by Roll Number) 

Inventory 1 lnventoryZ Total 

2 3 5 
29 0 29 
0 1 1 

45 20 65 
37 0 37 
22 0 22 
41 14 55 
93 94 187 
20 67 87 
0 4 4 

Questions 

If you have any questions, please contact one of the following: 

Jamie Stata OR 
Region 25 - Owen Sound 
519-371-9432 ext 262 
Jamie.Stata@mpac.ca 

s 

Scott Bradfield 
Region 20 - Brantford 
519-758-9591 ext 251 
Scott.Bradfield@mpac.ca 

OR Jason Moore 
Region 18 - St. Catharlnes 
905-688-1968 ext 275 
Jason.Moore@mpac.ca 
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Appendix 1 - Using the "Garmin GPSMAP 76Cx 

color map navigator" 

Using these devices indoors may cause interference for the satellites which it uses to obtain co­
ordinates. If you're "getting to know" the device before taking it in the field to use, you may 
not get the results/steps below unless you're outside. 

For example, you may see that It's "Acquiring Satellites" indefinitely, or for a very long time. 

You may get the following message - if you do, chose "New Location". 

Insert two AA batteries into the device. 

Turn the device on, by pressing and holding the .button for a few seconds. 

Press the • button until you come to a screen showing satellites orbiting the earth. The 
screen may say "Acquiring Satellite" at the top until it has locked onto enough satellites. 
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Once numbers appear in the upper right hand of the screen, you are ready to obtain the 
geographic co-ordinates. 

In the above example, you would record Co-ordinate 1 as 43.16150; and Co-ordinate 2 as 

080.27000. Please record all numeric digits, including zeros. Do not include the N (for North) 

or W (for West) as all of Ontario is North of the Equator; and West of the Prime Meridian 

With the exception of putting the batteries in the device, these steps may need to be repeated 

each time the device is turned off/on. However, there is a car charger that you can plug in 

which will allow you to keep the device turned on between properties. 

1 
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Appendix 2 - Using AIM to Find Co-ordinates 

AIM has the capability to plot the co-ordinates provided in the inventory file. 

Log into AIM. 

Near the top, beside "Locate", select ddd.ddddd from the drop down. Enter the number under 

Coordinate_! in the "Lat:" field. In the "Long:" field, enter the number under Coordinate_2, 

with a negative sign in front of it. 

For example, to see exactly where on a property the IWT may be for the following line: 

Search in AIM as follows: 

Assusment Roil r...rber 
Quick Se<arch 

•Cl ] Locate ddd.lldddd • tat ~ long: ~ - J 

This will show the location of the expecte·d IWT on the property: 

\ ~\ 
Tl<>lO 

/ 

o_ __ ,, .. 
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Work Instructions 

Objective 

MPAC is undertaking a study to determine whether properties within 2km of an industrial wind 

turbine (IWT} are valued equitably compared to properties further away. That is not to say that 

that IWTs do not affect value; but rather that any affect on value is accounted for in the 2012 

current value assessments, or that the 2012 current value assessments are within standards. 

In the first step of this project, staff from Valuation & Customer Relations visited properties on 

which IWTs sit, to collect the geographic co-ordinates. 

In this phase of the project, properties within 2 km of these IWTs, which have sold, will be 

inspected and the sale(s} reviewed. 

Instructions 

One file is being distributed with these instructions - containing a list of sales requiring a field 

visit and a review of the sale. 

Staff are to review each sale to determine its' validity, to verify the data at the time of the sale, 

and to verify the data as of the date of inspection. Additionally, staff are to collect the co­

ordinates of the corner of the house closest to the IWTs, and take a photo(s) from this corner of 

the house towards the closest IWT (photos labelled as the roll number with" _1", "_2", etc. for 

multiple photos). If there are multiple IWTs surrounding the property, the closest IWT would 

be used. Leave "call back'' forms if you are unable to talk to the owner. If they do not call back 

within a reasonable amount of time, do your best to estimate, and note this in the Comments 

field of the spreadsheet. 

If the sale has already been reviewed (onsite or with a Residential Sales Questionnaire), use the 

data provided. However, we still require the photo and the co-ordinates. 

In the spreadsheet, staff should populate the Analysis column (Y or N}, the House Coordinates 
column, the Major Value Change column (Y or N, if the changes found at time of sale would 

change the 0/ A of the property by at least {approximately} ± 5% or± $10,000}, and finally the 

Description of View Towards /WT column. There is also a Comments field to add anything that 

you feel should be noted. If you are invalidating a sale, use this field to explain why. 

2. 
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As is standard practise while reviewing sales, staff should update the Time of Sale (TOS) 

snapshot in IPS (manually via the Sales tab until EMS returns the use of the pop-up box), and 

update the Current Maintenance view with the data on the property at the time of the 

inspection. 

If a property is vacant land, obtain co-ordinates and a photo from as close to the centre of the 

property (length-wise and width-wise) as possible. 

As in the first stage of this project, we will be using the "Garmin GPSMAP 76Cx color map 

navigator" to collect the co-ordinates. These devices provide co-ordinates as latitude and 

longitude (also known as decimal degrees}. These may look like 42.01425 and -84.00244, or 

similarly N 42.01425• and W 84.00244°. Other devices, such as the GPS devices in our 

corporate vehicles, provide co-ordinates in a different format - degrees minutes and seconds. 

This may look like 42°01'33.024'' and -84°13'56.676", or simply 420133.024 and -841356.676. 

The preference is to use the Garmin devices, but since there are only 6 across the province, the 

use of the car GPS devices is acceptable - as long as an entire office is done consistently, and 

we are notified as to which device your office used. 

When recording the co-ordinates, take the measurement from as close to the corner of the 

house as possible. Hold the device as steady as possible for two minutes or until the co­

ordinates stabilize, whichever comes first. 

If you are unable to obtain close co-ordinates due ta fences or other obstructions, take the 
measurement from as close as you possibly can; preferably such that there is a straight line 
between you and corner of the house, perpendicular to the road, and estimate what you think 
the distance is between where you take the measurement and where the corner of the house 
sits. Make sure that this is all recorded in the Comments. If possible, take a picture as well, and 
include it when you return the inventory files. Upon returning to the office, use iLOOKABOUT1"' 
or Google Earth 7"' in an attempt to obtain more accurate co-ordinates. However, since these 
properties are generally in rural areas, you may not be able to obtain co-ordinates accurately 
using digital imagery. In either case, make note in the inventory that you have had to 
approximate the co-ordinates and the reason. 

Notes 

1. Typical Inspection procedures are to be followed; and IPS should be updated as 
required. 

2. Do not use the abuts or proximity to wind turbine variables. If any reduction Is 

warranted due to this study, we will have these fields populated. 
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Workload Counts by Region (by Roll Number) 

Zone Region # of Sales 

# of Unique 

Roll 
Numbers 

Zone Total 

# of Sales 

22 

23 

1 24 

26* 

27* 

2 20 

5 25 
6 05 

1 31 

174 
73 

9 

52 
63 

32 
23 

163 
71 

9 

448 

334 

51 
61 
31 
21 

1,070 

52 
63 
32 
23 

• Regions 26 and 27 had previously requested a preliminary list of sales. These sales are also Included In the 

current sales files, with a column {"Orlginalllst") to indicate that they were present in the first list. The numbers 

above represent the new sales since the first lists and NOT the total including those already given. 

Questions 

If you have any questions, please contact one of the following: 

Jamie Stata OR 
Region 2S - Owen Sound 
519-371-9432 ext 262 
Jamie.Stata@mpac.ca 

4 

Scott Bradfield OR 
Region 20 - Brantford 
519-758-9591 ext 251 
Scott.Bradfield@mpac.ca 

Jason Moore 
Region 18 - St. catharines 
905-688-1968 ext 275 
Jason.Moore@mpac.ca 
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Appendix 1- Using the "Garmin GPSMAP 76Cx 

color map navigator" 

Using these devices indoors may cause interference for the satellites which it uses to obtain co­

ordinates. If you're "getting to know" the device before taking it in the field to use, you may 

not get the results/steps below unless you're outside. 

For example, you may see that it's "Acquiring Satellites" indefinitely, or for a very long time. 

You may get the following message - if you do, chose "New Location". 

Insert two AA batteries into the device. 

Turn the device on, by pressing and holding the . button for a few seconds. 

Press the. button until you come to a screen showing satellites orbiting the earth. The 

screen may say "Acquiring Satellite" at the top until it has locked onto enough satellites. 

s 
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Once numbers appear in the upper right hand of the screen, you are ready to obtain the 

geographic co-ordinates. 

In the above example, you would record Co-ordinate 1 as 43.16150; and Co-ordinate 2 as 

080.27000. Please record all numeric digits, including zeros. Do not include the N (for North) 

or W (for West) as all of Ontario is North of the Equator; and West of the Prime Meridian 

With the exception of putting the batteries in the device, these steps may need to be repeated 

each time the device is turned off/on. However, there is a car charger that you can plug in 

which will allow you to keep the device turned on between properties. 
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Appendix 2 - Using AIM to Find Co-ordinates 

AIM has the capability to plot the co-ordinates provided in the inventory file. 

Log into AIM. 

Near the top, beside "Locate", select ddd.ddddd from the drop down. Enter the number under 

Coordinate_l in the "Lat:" field. In the "Long:" field, enter the number under Coordinate_2, 

with a negative sign in front of it. 

For example, to see exactly where on a property the IWT may be for the following line: 

Search in AIM as follows: 

1":'"\ Assessment Roi f'urber 
\.:Y, Quick Search - - --- -----

• ~] Locate 

This will show the location of the expected IWT on the property: 

\ \ 

\ ~\ • 

·----------------1)00 ::l)l.lO!XD:')TNJ 

<>--" 
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Appendix D1 - Abutting a Property with an IWT 

Ratio Statistics - Property Abuts a Property with an IWT 

Case Processing Summary 

Count 
OVerall 32 
Excluded 0 
Total 32 

Ratio Statistics for cva2012 / tas_amt 

Mean 
95% Confidence Interval Lower Bound 
for Mean Upper Bound 

1.051 
.976 

1.126 

Median 1.002 
95% Confidence Interval Lower Bound .929 
for Median Upper Bound 1.121 

Actual Coverage 98.0% 

Appendix 01 

The confidence Interval for the median Is constructed without any dlstributlon assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

Sales within 1 km of an IWT by Abutting Wind Turbine 

Case Processing Summary 

Count Percent 
ABUTTING 0 No 248 88.9% 
WINDTURBiNE 1 Yes 31 11.1% 
Overall 279 100.0% 
Excluded 0 
Total 279 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UnnarBound Median Lower Bound UcoerBound Coveraae 
0 No 1.051 1.031 1.071 1.040 1.015 1.058 95.1% 
1 Yes 1.052 .974 1.130 .989 .929 1.121 97.1% 
Overall 1.051 1.032 1.071 1.034 1.011 1.057 95.8% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confldence Intervals are constructed by assuming a Nonnal distribution for the ratios. 
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Appendix D2 - CVA and Tas_Amt Bar Charts 

Bar Chart All Sales 
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Appendix D2 
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Appendix D3 • Distance by Market Area and Type 

Ratio Statistics by Distance All Sales 

Case Processing Summary 

Count Percent 
Buffef01st_mln 1.00 Within 1km 279 .7% 

2.00 1km to 2km 989 2.4% 
5.00 2km to 5km 3063 7.4% 
6.00 Outside 5km 37093 89.5% 

Overall 41424 100.0% 
Excluded 0 
Total 41424 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound Uoner Bound Median 
1.00 Within 1km 1.051 1.032 1.071 1.034 
2.00 1km to 2km 1.005 .995 1.015 .989 
5.00 2km to 5km 1.003 .998 1.008 .992 
6.00 Outside 5km .999 .997 1.000 .992 
Overall 1.000 .998 1.001 .992 

The confidence lnteMll for the median Is ccnstructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for Median 
Actual 

Grouo Lower Bound UcD&rBound - e 
1.00 Within 1km 1.011 1.057 95.8% 
2.00 1km to 2km .979 1.000 95.1% 
5.00 2km to 5km .988 .997 95.3% 
6.00 Outside 5km .991 .993 95.0% 
Overall .991 .994 95.0% 

The confidence Interval for the median Is construded without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics by Distance by Market Model Area 

MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 
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Case Processing Summary' 

Count Percent 
ButrerOist_mln 1.00 Within 1km 13 .5% 

2.00 1km to 2km 7 .3% 
5.00 2km to 5km 8 .3% 
6.00 Ou1slde 5km 2606 98.9% 

Overall 2634 100.0% 
Excluded 0 
Total 2634 
a. MODEL = 05RR030 Napanee,LoyaDst Twp, Frontenac/Lennox & Addington Counties South RurallWF 

Ratio Statistics for cva2012 / tas_amtt 

95% Confidence Interval for 
Mean 

GIOUD Mean Lower Bound UooerBaund Medlan 
1.00 WHhln 1km 1.015 .893 1.136 .981 
2.00 1km to 2km 1.061 .764 1.358 1.105 
5.00 2km to 5km .981 .831 1.090 .949 
6.00 Outside 5km .999 .994 1.004 .988 
Overall .999 .994 1.004 .986 

The conffdence Interval for Ute median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than Ute specified level. OUter confidence Intervals are constructed by assuming a Normal dlslrlbutlon for Ute ratios. 

1. n 1 
2.00 1km to 2km 
5.00 2km to 5km 
6.00 Outside 5km 
Overall 

Ratio Statistics for cva2012 / tas_amtt 

95% Confidence Interval for Median 

Lower Bound 
.813 
.655 
.727 
.981 
.981 

Actual 
e 

97.8% 
98.4% 
99.2% 
95.2% 
95.1% 

The confidence Interval for Ute median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than Ute specffled level. Other confidence Intervals are constructed by assuming a Nonna! distribution for Ute ratios. 

a. MODEL= 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & .Addington Counties South RurallWF 

MODEL = 20RR010 Brant, Halldmand, Norfolk Counties - Rural/WF 

case Processing Summary' 

Count Percent 81,,._, _____ min 1.oo Within 1 km 25 .5% 
2.00 1km to 2km 9 .2% 
5.00 2km to 5km 71 1.4% 
6.00 Outs!de 5km 4868 97.9% 

Overall 4973 100.0% 
Excluded 0 
Total 4973 

a. MODEL= 20RR010 Brant, Haildmand, Norfolk Counties - RuralJWF 
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Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound UooerBound Median 
1.00 Within 1km 1.038 .en 1.100 1.020 
2.00 1km to 2km .961 .808 1.113 .933 
5.00 2km to 5km 1.046 .998 1.093 1.033 
6.00 Outside 5km .986 .983 .990 .980 
Overall .987 .984 .991 .981 

The confidence Interval for the med1an Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for Median 
Actual 

Groug Lower Bound UcoerBound Coverage 
1.00 Within 1km .941 1.118 95.7% 
2.00 1km to 2km .801 1.112 96.1% 
5.00 2km to 5km .997 1.073 96.8% 
6.00 Outside 5km .976 .984 95.0% 
Overall .976 .984 95.3% 

The confidence Interval for the med1an Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 20RR010 Brant, Halldmancl, Norfolk Counties • Rural/WF 

MODEL = 22RR010 Dufferln & Wellington Counties - Rural 

Case Processing Summa,ya 

Count Percent 
BUfferOist_mln 1.00 Within 1 km 26 1.5% 

2.00 1 km to 2km 25 1.4% 
5.00 2km to 5km 83 4.8% 
6.00 Outside 5km 1597 92.3% 

Overall 1731 100.0% 
Excluded 0 

·Total 1731 
a. MODa = 22RR010 Oufferln & Wellington Counties· RuraJ 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence lntemd far 
Mean 

Grouo Mean Lower Bound UoDSrBound Median 
1.00 VVIU1Ul 1Km 1.042 .975 1.110 1.010 
2.00 1km to 2km 1.024 .949 1.099 1.071 
5.00 2km to 5km 1.029 1.000 1.059 1.024 
6.00 Outside 5km 1.008 1.001 1.014 1.003 
Overall 1.009 1.003 1.018 1.004 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedfied level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 
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Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for Median 
Actual 

1.00 .943 1.090 97.1% 
2.00 1kmto2km .921 1.137 95.7% 
5.00 2km to 5km .994 1.049 95.2% 
6.00 outside 5km .993 1.011 95.5% 
Overall .996 1.012 95.1% 

The confidence Interval for the median Is construded without any dlslrfbutfon assumptions. The actual coverage level may be 
greater than the spedfted level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 22RR010 Dufferln & WelDngton Counties - Rural 

MODEL = 22UR020 Dufferln County Villages 

case Processing Summary" 

Count 
404 

2017 
OVerall 2421 
Excluded 0 
Total 2421 
a. MODEL = 22UR020 Dufferln County Villages 

Percent 
16.7% 
83.3% 

100.0% 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Gl'OUD Mean Lower Bound UnnarBound Median 
5.00 2km to 5km .982 .973 .992 .976 
6.00 Outside 5km .993 .990 .996 .991 
OVerall .991 .988 .994 .988 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual co~e level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal disbibutlon for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Grouo LowerBound UnnerBound . 
5.00 2km to 5km .969 .986 95.9% 
6.00 Outside 5km .987 .995 95.5% 
Overall .985 .992 95.4% 

The confidence Interval for the medlan Is constJUded without any dlsbibutlon assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlsbibutlon for the ratios. 

a. MODEL= 22UR020 Dufferln County Villages 

MODEL = 22UR030 Wellington County Villages 

Page4 

002551



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 76 of 163

Case Processing Summary' 

Count Percent 
Buffer0ist_mln 2.00 1km to 2km 92 3.8% 

5.00 2km to 5km 32 1.3% 
6.00 Outside 5km 2300 94.9% 

Overall 2424 100.0% 
Excluded 0 
Total 2424 
a. MODEL = 22UR030 Welllngton County VIiiages 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

Group Mean Lower Bound UcoerBound Median 
2.00 1 km to 2km .952 .922 .983 .948 
5.00 2km to 5km .981 .924 1.038 .951 
6.00 Outside 5km .989 .985 .993 .988 
Overall .987 .983 .991 .986 

The ccnflclence Interval for U,e median Is constructed without any dlsb'ibutton assumptions. The actual coverage level may be 
greater U,an the specified level. OU1er confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Group Lower Bound UocerBound CoV81'8Qe 
2.00 1km to 2km .905 .967 95.3% 
5.00 2km to 5km .902 1.031 98.0% 
6.00 Outside 5km .984 .993 95.2% 
OveraD .981 .991 95.1% 

The confidence Interval for Uie median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than Uie specffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 22UR030 Wellington County Villages 

MODEL = 23RR01 O Elgin, Middlesex & Oxford Counties - Rural 

Case Processing Summaryl 

Count Percent 
Buffer01st_mln 1.00 Within 1km 4 .1% 

2.00 1kmto2km 52 1.2% 
5.00 2km to 5km 72 1.6% 
8.00 Outside 5km 4300 97.1% 

OveraD 4428 100.0% 
Excluded 0 
Total 4428 
a. MOOa = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 
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Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UcoerBound Median 
1.00 Wttnln 1km 1.073 .987 1.160 1.063 
2.00 1km to 2km .994 .936 1.052 .935 
5.00 2km to 5km 1.017 .979 1.056 1.009 
6.00 Outside 5km 1.040 1.036 1.043 1.030 
Overall 1.039 1.035 1.043 1.029 

The confidence Interval for Uie median Is constructed without any distribution assumptions. The actual coverage level may be 
greater Uian the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for Uie ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Grouo Lower Bound UooerBound Coveraoe 
1.00 Within 1km 1.025 1.142 100.0% 
2.00 1km to 2km .899 1.023 96.4% 
5.00 2km to 5km .974 1.042 95.6% 
6.00 Outside 5km 1.026 1.034 95.1% 
Overall 1.025 1.033 95.1% 

The confidence Interval for Uie median ts constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

MODEL = 24RR010 Huron & Perth Counties - Rural/Waterfront 

Case Processing Summary8 

Count Percent 
BufferOlst_mln 1.00 Within 1km 2 .2% 

2.00 1km to 2km 3 .3% 
5.00 2km to 5km 98 11.0% 
6.00 Outside 5km 786 88.4% 

Overall 889 100.0o/o 
Excluded 0 
Total 889 
a. MODEL= 24RR010 Huron & Perth Counties - Rural/Waterfront 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

GIOUD Mean Lower Bound UooerBound Median 
1.00 Within 1km 1.219 .478 1.960 1.219 
2.00 1kmto2km 1.153 .879 1A27 1.170 
5.00 2km to 5km 1.027 .994 1.059 1.021 
6.00 Outside 5km 1.012 1.001 1.024 1.001 
Overall 1.015 1.004 1.026 1.006 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spedffed level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 
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Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval far Median 

Lower Bound u 
1km 1.161 100.0% 

2.00 1km ID 2km 1.038 100.0% 
5.00 2lan ID 5km .998 98.7% 
8.00 Outside 5km .990 95.0% 
OveraD .994 1.018 95.8% 

The conftdence fntalval far the median la constructed without any dlstrfbutfon assumpllons. The actual coverage level may be 
greater than the specified kMI. Other confidence Intervals are constructed by assuming a Normal dlstrtbu1lon for the ratios. 

a. MODB. = 24RR010 Huron & Perth Counties - Rural/Waterrront 

MODEL= 25RR010 Grey & Bruce Counties • RuralJWaterfront 

Case Processing Sununaryl' 

OveraD 
Excluded 
Total 

2.00 1km to 2km 
5.00 2km ID 5km 
8.00 OUtslde 6km 

Count 
12 
19 

285 
2692 
2988 

0 
2988 

Percent 
.4% 
.6% 

8.9% 
90.1% 

100.0% 

a. MODB. = 25RR010 Grey & BNC8 Counties· Rural/Waterfront 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

~ Mean LowerBound UDDSr Bound Median 
1.W WID1ff11km 1.131 .944 1.318 1.045 
2.00 1km to 2km 1.038 .969 1.107 1.029 
5.00 2km ID 5km 1.016 .995 1.037 1.005 
8.00 OUtside 5km 1.027 1.021 1.034 1.015 
OveraD 1.027 1.020 1.033 1.013 

The conftdence lntaMd far the median Is construc:ted without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal dlsbfbutlon for the ratios. 

Page7 

002554



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 79 of 163

Ratio Statistics for cva2012 / tas_amt'I 

95% Confidence Interval for Median 
Actual 

n 1 .917 1.271 96.1% 
2.00 1kmto2km .941 1.092 98.1% 
5.00 2km to 5km .986 1.022 95.1% 
8.00 OUtslde 5km 1.008 1.022 95.3% 
OveraD 1.008 1.021 95.4% 

The confidence Interval for the median Is constructad without any dlslrlbutlon assumptions. The aclual coverage level may be 
greater than the specified level. Other conffdence Intervals are constructed by assuming a Normal d1strlbutlon for the ratios. 

a. MODB. = 25RR010 Gray & Bruce Counties- Rural/Waterfront 

MODEL= 25UR010 Grey & Bruce Counties • Urban 

Casa Pl'OC8881ng summar,a 

Overall 
Excluded 
Total 

Count 
18 

181 
4180 
4357 

0 
4357 

Percent 
.4% 

3.7% 
95.9% 

100.0% 

a. MODEL = 25UR010 Gray & Bruce Counties - Urban 

Ratio Statistics for cva2012 / tas_amt'I 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound UDD&r Bound Median 
2.00 1km to 2km 1.007 .940 1.075 1.028 
5.00 2km to 5km 1.005 .982 1.028 .978 
8.00 Outside 5km 1.019 1.015 1.023 1.011 
OveraD 1.018 1.014 1.022 1.010 

The conffdence Interval for the median Is constructad without any distribution assumptions. The acluaJ coverage level may be 
greater than the spec:lftad level. Other conftdenca Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt'I 

95% Conffdenca Interval for Median 
Actual 

~ Lower Bound Um,arBound - e 
2.00 1kmtD2km .899 1.134 97.9% 
5.00 2km to 5km .962 .998 96.0% 
8.00 Outside 5km 1.008 1.018 95.1% 
OveraD 1.005 1.015 95.1% 

The confidence Interval for the median Is constructad without any distribution assumptions. The adual coverage level may be 
greater than the spedfted level. Other confidence Intervals are conslrucled by assuming a Nonnal distribution for the ratios. 

a. MODEL= 25UR010 Gray & Bruca Counties - Urban 
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MODEL = 26RR010 Chatham-Kent • Rural/Wallaceburg 

Case Processing Summa,y8 

Count 
• km 83 

2.00 1kmto2km 300 
5.00 2km to 5km 838 
8.00 OUtsfde 5km 863 

OVerall 1882 
Excluded o 
Total 1882 

Percent 
4.4% 

15.9% 
44.4% 
35.2% 

100.0% 

a. MODEL= 26RR010 Chatham-Kent• Rural/Wallaceburg 

Ratio Statistics for cva2012 / tas_arntll 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UnnarBound Median 
1.00 Within 1km 1.085 1.048 1.122 1.055 
2.00 11cm to 2km 1.027 1.007 1.047 1.008 
6.00 21cm to 5km 1.009 .998 1.020 .993 
8.00 Outside 5km 1.012 1.001 1.022 1.008 
OveraD 1.018 1.009 1.G23 1.002 

The confidence Interval for the median Is constructed without any distribution assumptions. The aclual coverage level may be 
greater than the spedfled level. Other confidence Intervals are c:onstructad by 888Umlng a Nonna! distribution for the ratios. 

Ratio Statistics for cva2012 / tu_arntll 

95% Confidence Interval for Median 
Actual 

.00 1 1.038 1.087 95.2% 
2.00 11cm to 2km .983 1.027 95.7% 
5.00 2km to 5km .982 1.000 95.1% 
8.00 Outside 5km .997 1.017 95.7% 
Overall .997 1.009 95.5% 

The confidence Interval for the median Is constnJCted without any dlstrfbutfon assumptions. The actual coverage level may be 
greater than the spec:ffled level. Other confidence Intervals are constructed by assuming a Normal dlstrfbutlan for the ratios. 

a. MODEL = 28RR010 Chatham-Kent- Rural/Wallaceburg 

MODEL= 26RR030 Lambton County· RuralJWF 
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Case Processing Summary8 

Count Percent 
BufferDlst_min 1.00 Wl1hln 1km 1 .0% 

2.00 1km to 2km 23 1.1% 
5.00 2km to 5km 76 3.7% 
6.00 Outside 5km 1942 95.1% 

Overall 2042 100.0% 
Excluded 0 
Total 2042 
a. MODEL= 26RR030 Lambton County- Rural/WF 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Group Mean Lower Bound UDDBr Bound Medlan 
1.00 Within 1km .862 . . .882 
2.00 1 km to 2km .993 .957 1.030 .993 
5.00 2km to 5km .952 .921 .983 .963 
6.00 Outside 5km .986 .981 .991 .980 
overall .965 .980 .990 .980 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual-

Group Lower Bound UDDerBound Coverage 
1.00 Within 1 km . . 
2.00 1km to 2km .943 1.030 96.5% 
5.00 2km to 5km .931 .989 97.1% 
6.00 Outside 5km .972 .988 95.2% 
Overall .972 .965 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL= 26RR030 Lambton County- RurallWF 

MODEL= 27RR120 Essex County 

Case Processing Summary8 

Count Percent 
Bum:Al,IIIO._rrun 1.00 within 1km 112 3.3% 

2.00 1km to 2km 272 8.1% 
5.00 2km to 5km 788 22.9% 
6.00 Outside 5km 2198 65.6% 

Overall 3350 100.0% 
Excluded 0 
Total 3350 
a. MODEL = 27RR120 Essex County 
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Ratio Statistics for cva2012 / tas_arm;II 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound UaMI' Bound Median 
1.00 Within 1km 1.024 .997 1.052 1.005 
2.00 1km to 2km .993 .978 1.008 .984 
5.00 2km to 5km 1.003 .994 1.012 1.001 
6.00 Outside 5km .990 .986 .995 .987 
Overall .995 .991 .998 .991 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlsb'lbutlon for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Groui:, LowerBound UcoerBound Coveraae 
1.00 Within 1km .981 1.051 95.3% 
2.00 1km to 2km .969 1.000 95.5% 
5.00 2km to 5km .991 1.010 95.3% 
6.00 Outside 5km .983 .992 95.3% 
OveraD .986 .995 95.3% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 27RR120 Essex County 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Case Processing Summary8 

Count Percent 
Buffer0ist_min 1.00 Within 1km 1 .0% 

2.00 1km to 2km 154 5.1% 
5.00 2km to 5km 179 6.0% 
6.00 Outside 5km 2660 88.8% 

Overall 2994 100.0% 
Exduded 0 
Total 2994 
a. MODEL= 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Grouo Mean Lower Bound Unn&rBound Median 
1.00 VYIU'Ufl 1 km 1.138 . . 1.138 
2.00 1km to 2km 1.012 .992 1.033 .992 
5.00 2km to 5km .988 .971 1.005 .972 
8.00 Outside 5km .979 .976 .983 .977 
Overall .982 .978 .985 .977 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 
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Ratio Statistics for cva2012 / tas_amt" 

95% Confidence Interval for Median 
Actual 

Group Lower Bound UooerBound Coveraae 
1.00 Within 1km . . . 
2.00 1 km to 2km .971 1.020 95.6% 
5.00 2km to 5km .957 .997 96.4% 
6.00 Outside 5km .972 .980 95.4% 
Overall .973 .981 95.4% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

MODEL = 31RR010 District of Algoma 

Case Processing Summary'I 

Count Percent 
Buffer0ist_mln 2.00 1km to 2km 5 .3% 

5.00 2km to 5km 7 .5% 
6.00 Outside 5km 1483 99.2% 

Overall 1495 100.0% 
Excluded 0 
Total 1495 
a. MODEL= 31RR010 Distrid of Algoma 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UooerBound Median 
2.00 1 km to 2km 1.036 .763 1.310 1.058 
5.00 2km to 5km .882 .686 1.037 .888 
6.00 Outside 5km .932 .921 .943 .909 
Overall .932 .921 .943 .908 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal disbibutlon for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Grouo Lower Bound UnmtrBound . 
2.0U 1km to 2km .800 1.351 100.0% 
5.00 2km to 5km .684 1.189 98A% 
6.00 Oulslde 5km .897 .926 95.2% 
OveraD .897 .925 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The adual coverage level may be 
greater than the speclfled level. Other confidence Intervals are constructed by assuming a Nonnal dlstrlbutfon for the ratios. 

a. MODEL= 31RR010 Dlstrld of Algoma 
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MODEL = 31 UR010 Sault Ste. Marie/Prince Twp 

case Processing Summaryll 

Count Percent 
B• min - 2.uu 1kmto2km 12 .4% 

5.00 2km to 5km 3 .1% 
8.00 Outside 5km 2801 99.5% 

Overall 2818 100.0% 
Excluded 0 
Total 2818 
a. MOOa = 31UR010 Sault Ste. Marie/Prince Twp 

Ratio Statistics for cva2012 / tas_lllTIP 

95% Confidence Interval for 
Mean 

Gmun Mean Lower Bound UimerBound Median 
2.00 1km to mn .960 .818 1.102 .948 
5.00 2km to 5km 1.228 .830 1.823 1.217 
6.00 Outside 51cm .972 .988 .977 .983 
Overall .972 .988 .977 .983 

The c:anftclence Interval for the median Is constructed without any dlslrlbutlon assumptions. The actual coverage level may be 
greater than the spec:Hled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics for cva2012 / tas_lllTIP 

95% Confidence Interval for Median 
Aclual 

LowerBound 
to ~ ~% 

5.00 2km to 51cm .991 100.0% 
8.00 Oulslde 5km .957 95.1% 
Overall .957 .988 95.2% 

The conftdence Interval for the median Is consbuc:ted without any dlslrtbutlan assumptions. The actual coverage level may be 
greater than the spedfted level. Other c:anftdence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MOOa = 31UR010 Sault Ste. Marte/Prince Twp 

Ratio Statistics by Distance by Market Type 

Rural Market Areas 

Page13 

002560



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 85 of 163

case Processing Summary8 

Count Percent 
BufferOlst_mln 1.00 Wrthin 1km 278 1.1% 

2.00 1km to 2km 715 2.7% 
5.00 2km to 5km 2284 8.6% 
6.00 Outside 5km 23135 87.6% 

Overall 26412 100.0% 
Excluded 0 
Total 26412 
a. MRKTTYPE = RR 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 

Group Mean Lower Bound UccerBound Median 
1.00 Within 1km 1.051 1.031 1.071 1.034 
2.00 1kmto2km 1.011 .999 1.023 .996 
5.00 2km to 5km 1.008 1.002 1.014 .999 
6.00 Outside 5km 1.002 1.001 1.004 .995 
Overall 1.004 1.002 1.005 .996 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specifted level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for Median 
Actual 

Group Lower Bound UooerBound t"'.1'1\--e 
1.00 Wm1ln 1km 1.011 1.055 95.2% 
2.00 1km to 2km .982 1.008 95.7% 
5.00 2km to 5km .993 1.005 95.3% 
6.00 Outside 5km .993 .997 95.1% 
Overall .994 .997 95.0% 

The confidence Interval for the medJan Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MRKTTYPE = RR 

Urban Market Areas 

Case Processing Summary8 

Count Percent 
Buffer0lst_mln 1.00 Within 1 km 1 .0% 

2.00 1km to 2km 274 1.8% 
5.00 2km to 5km 779 5.2% 
6.00 Outside 5km 13958 93.0% 

Overall 15012 100.0% 
Excluded 0 
Total 15012 
a. MRKTTYPE a UR 
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Ratio Statistics for cva2012 I tas_arnt8 

95% Confidence Interval for 
Mean 

GrouD Mean Lower Bound UonerBound Median 
1.00 WIU1ln 1km 1.138 . 1.138 
2.00 1km to 2km .990 .973 1.007 .975 
5.00 2km to 5km .989 .981 .997 .976 
8.00 Outside 5km .993 .991 .995 .988 
Overall .993 .991 .995 .987 

The confidence lnt8Md for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence lntelvals are constructed by assuming a Normal disbibutlon for the ra11os. 

Ratio Statistics for cva2012 I tas_amt8 

95% Confidence Interval for Median 
Actual 

GrouD Lower Bound UDDerBound I ·-· e 
1.0U Wlthfn 1 km . . . 
2.00 1km to 2km .955 .992 95.4% 
5.00 2km to 5km .989 .984 95.5% 
8.00 Outside 5km .986 .990 95.1% 
Overall .985 .989 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlstlfbutlon for the ratios. 

a. MRKTTYPE = UR 
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Appendix D4 • View All Sales and by Market Area 

Ratio Statistics All Sales Less than 1 km to an IWT by View 

Case Processing Summary 

Count Percent 
view full 190 68.1% 

none 58 20.1% 
partial 33 11.8% 

Overall 279 100.0% 
Excluded 0 
Total 279 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UooerBound Median Lower Bound UooerBound Coveraae 
fuU 1.054 1.029 1.078 1.032 1.001 1.060 95.0% 
none 1.070 1.031 1.110 1.064 .998 1.092 95.8% 
partial 1.007 .953 1.060 1.00S .952 1.057 98.5% 
Overall 1.051 1.032 1.071 1.034 1.011 1.057 95.8% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the spec:ffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

Ratio Statistics All Sales 1 km to 2km to an IWT by View 

Case Processing Summary 

Count Percent 
view fuU 239 24.2% 

none 647 65.4% 
partial 103 10.4% 

Overall 989 100.0% 
Excluded 0 
Total 989 

Ratio Statistics for cva2012 / tas_amt 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Gl'DUD Mean LowerBound Unnar Bound Median Lower Bound UnMrBound eov-
tull 1.021 1.000 1.042 1.001 .981 1.026 98.2% 
none 1.000 .988 1.012 .984 .972 .997 95.1% 
pa,tlal .999 .988 1.029 .980 .939 1.018 95.2% 
Overall 1.005 .995 1.015 .989 .979 1.000 95.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence lnterwls era c:onstruc:ted by assuming a Normal dlstrlbutfon for the ratios. 

Ratio Statistics Sales less than 1 km to an IWT by View by Market Area 
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MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 

Case Processing Summary' 

Count Percent 
VleW rull 8 61.5% 

none 2 15.4% 
partial 3 23.1% 

Overall 13 100.0% 
Excluded 0 
Total 13 
a. MODEL = OSRR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UooerBound Median lower Bound UooerBound Coveraoe 
full 1.066 .900 1.232 1.083 .804 1.295 99.2% 
none 1.068 -1.220 3.355 1.068 .888 1.248 100.0% 
partial .842 .538 1.146 .823 .731 .973 100.0% 
Overall 1.015 .893 1.136 .981 .813 1.248 97.8% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

MODEL = 20RR010 Brant, Halidmand, Norfolk Counties • Rural/WF 

Case Processing Summary" 

Count Percent 
view ruu 12 48.0% 

none 12 48.0% 
partial 1 4.0% 

Overall 25 100.0% 
Excluded 0 
Total 25 
a. MODEL = 20RR010 Brant, Halldmand, Norfolk Counties - Rural/WF 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence lnteM1I for 
Mean 95% Confidence lnteNal for Median 

Actual 
Grouo Mean Lower Bound Uooer Bound Median lower Bound Uooer Bound Coveraae 
1UU 1.059 .951 1.188 1.025 .920 1.172 96.1% 
none 1.004 .928 1.082 .998 .875 1.118 98.1% 
partlal 1.212 . . 1.212 . . . 
OveraU 1.038 .977 1.100 1.020 .941 1.118 95.7% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL = 20RR010 Brant. Halfdmand, Norfolk Counties - RuralJWF 
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MODEL= 22RR010 Dufferin & Wellington Counties -Rural 

case Processing Summary' 

Count Percent 
view full 20 76.9% 

none 3 11.5% 
partial 3 11.5% 

Overall 26 100.0% 
Excluded 0 
Total 26 

a. MODEL= 22RR010 Duffertn & Wellington Counties - Rural 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UooerBound Median Lower Bound UooerBound Coveraae 
full 1.051 .965 1.136 1.038 .927 1.121 95.9% 
none 1.030 .624 1.436 .943 .929 1.219 100.0% 
partial .998 .979 1.017 1.000 .990 1.005 100.0% 
Overall 1.042 .975 1.110 1.010 .943 1.090 97.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the speclfted level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL= 22RR010 Duffer1n & Wellington Counties - Rural 

MODEL = 23RR010 Elgln, Middlesex & Oxford Counties - Rural 

Case Processing Summary' 

Count Percent 
view fUU 2 50.0% 

partial 2 50.0% 
Overall 4 100.0% 
Exduded 0 
Total 4 
a. MODEL= 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lawer Bound UooerBound Median Lower Bound UMAI' Bound ~ 

fUU 1.059 .835 1.482 1.059 1.025 1.092 100.0% 
partial 1.088 .406 1.770 1.088 1.034 1.142 100.0% 
OveraD 1.073 .987 1.160 1.063 1.025 1.142 100.0% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specifled level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

a. MODEL= 23RR010 Elgin, Mlddlesex & Oxford Counties· Rural 

MODEL = 24RR010 Huron & Perth Counties • Rural/Waterfront 
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Case Processing Summary' 

Count Percent 
view full 2 100.0% 
Overall 2 100.0% 
Excluded 0 
Total 2 

a. MODEL= 24RR010 Huron & Perth Counties - Rural/Waterfront 

Ratio Statistics for cva2012 / tas_arnt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UnoerBound Median Lower Bound UcoerBound Coverace 
full 1.219 .478 1.960 1.219 1.161 1.277 100.0% 
Overall 1.219 .478 1.960 1.219 1.161 1.277 100.0% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 24RR010 Huron & Perth Counties - Rural/Waterfront 

MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

case Processing Summary' 

Count Percent 
view fUII 10 83.3% 

none 1 8.3% 
partial 1 8.3% 

Overall 12 100.0% 
Excluded 0 
Total 12 
a. MODEL= 25RR010 Grey & Bruce Counties - RuralJWaterfront 

Ratio Statistics for cva2012 / tas_amt' 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UooerBound Median Lower Bound UcoerBound CoVen108 
fuU 1.126 .914 1.338 1.045 .917 1.271 97.9% 
none 1.444 1.444 . . 
partial .875 .875 . 
OveraD 1.131 .944 1.318 1.045 .917 1.271 96.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonnal distribution for the ratios. 

a. MODEL= 25RR010 Grey & Bruce Counties - RuralJWaterfront 

MODEL = 26RR010 Chatham-Kent • RuralJWallaceburg 
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Case Processing Sununarya 

Count Percent 
Vl8W fUO 81 73.5% 

none 18 19.3% 
partial 8 7.2% 

Overall 83 100.0% 
Excluded 0 
Total 83 
a. Mooa = 26RR010 Chatham-Kent- RuraJJWallaceburg 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval far Median 

Actual 
Gl'OUD Mean LawerBound UnnarBaund Median Lower Bound UnnarBound 
1UU 1.oaa 1.043 1.133 1.048 1.024 1.097 98.0% 
none 1.o94 1.008 1.180 1.075 .998 1.280 97.9% 
partial 1.032 .948 1.115 1.049 .928 1.129 98.9% 
Overall 1.085 1.048 1.122 1.055 1.038 1.087 95.2% 

The confidence lnt8Md for lhe median Is construdecl without any distribution assumptions. The actual coverage level may be 
gr881ar than the apeclflecl level. Other c:anfldence Intervals 819 consbucted by asaumlng a Nonnal dlatrlbutlon for the ratios. 

a. MODa = 26RR010 Chatham-Kent- RurallWallacaburg 

MODEL= 26RR030 Lambton County· Rural/WF 

Case Processing summar,a 

Count 
1 

Overall 1 
Exdudecl 0 
Total 1 

Percent 
100.0% 
100.0% 

a. MODa = 28RR030 Lambton County- Rural/WF 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval far Median 

Actual 
GrouD Mean LowerBound UnnarBound Median lower Bound UDD81' Bound ~ 

pamu .882 . . .862 . . 
Overall .882 . . .862 . . . . 

The conftdenca Interval for lhe median Is constructed without any dlslrfbutlon 8S8Umptlona. The actual coverage level may be 
greater than the speclffad level. Other conftdence lntarvals 819 constructed by asaumlng a Normal dlatrfbutlan for the ratios. 

a. MODa = 28RR030 Lambton County- RurallWF 

MODEL = 27RR120 Essex County 
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Case Processing Summary9 

Count Percent 
view fuO 74 68.1% 

none 22 19.6% 
partial 16 14.3% 

overall 112 100.0o/o 
Excluded 0 
Total 112 
a. MODEL= 27RR120 Essex County 

Ratio Statistics for cva2012 / tas_amti 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UnnerBound Median Lower Bound UocerBound Coveraoe 
fuU 1.009 .976 1.041 .993 .964 1.048 95.3% 
none 1.078 1.024 1.132 1.058 .985 1.162 98.3% 
partial 1.024 .928 1.120 1.035 .885 1.214 97.9% 
Overall 1.024 .997 1.052 1.005 .981 1.051 95.3% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlsbibutlon for the ratios. 

a. MODa = 27RR120 Essex County 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Case Processing Summary' 

Count Percent 
view full 1 100.0% 
OVerall 1 100.0% 
Excluded 0 
Total 1 
a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics for cva2012 / tas_amti 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Adual 
Grouo Mean Lower Bound UooerBound Median Lower Bound UooerBound Covemae 
full 1.138 . . 1.138 . 
OVerall 1.138 . 1.138 . . . 

The ccnfldence Interval for the median Is constructed without any disbibutlon assumptions. The actual coverage level may be 
greater than the speclfted level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics Sales 1 km to 2km to an IWT by View by Market Area 

MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 
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case Procaaalng Summary8 

Count Percent 
WWI none 5 71.4% 

partial 2 28.6% 
Overall 7 100.0% 
Exduded 0 
Total 7 
a. MODEL= 05RR030 Napanee,Loyallst Twp, Frontenacll.ennox & Addington Counties South Rural/WF 

Ratio Statistics for cva2012 / tas_arnt8 

95% Conftdence Interval for 
Mean 95% Conftdenc:e Interval for Median 

Aclual 
GrouD Mean LowerBound UnnerBound Median Lower Bound UnnerBound 
none .944 .818 1.272 1.103 .855 1.197 100.0% 
partial 1.354 -1.482 4.191 1.354 1.131 1.578 100.0% 
OvaraD 1.oe1 .784 1.358 1.105 .855 1.578 98A% 

The conffdance Interval for the median Is constructad without any distribution assumptions. The acluaJ coverage level may be 
greater than the specified level. OU,ar confidence Intervals 818 c:onstructed by assuming a Normal distribution for the ratfos. 

a. MODEL = 05RR030 Napanee,Loyallst Twp, FrontenaclLannox & Addington Counties South Rural/WF 

MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

Cua Pracesslng summarya 

Count Percent 
WWI NU 2 22.2% 

none 7 77.8% 
OvaraD 9 100.0% 
Excluded 0 
Total 9 
a. MODEL = 20RR010 Brant. Halldmand, Norfolk Counties • RurallWF 

Ratio Statistics for cva2012 / tas_arnt8 

95% Conftdance Interval for 
Mean 95% Confidence Interval for Median 

Aclual 
GrouD Mean Lower Bound UimarBound Median Lower Bound UmarBound . 
NII 1.109 -2.798 5.018 1.109 .801 1.417 100,0% 
none .919 .819 1.018 .933 .783 1.112 98.4% 
OveraD .981 .808 1.113 .933 .801 1.112 96.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The &dual coverage level may be 
greater than the speclfted level. OU,ar conffdence Intervals 818 constructed by assuming a NonnaJ dlatrtbutlon for the ratios. 

a. MODEL= 20RR010 Brant, Halldrnand, Norfolk Counties· RuralJWF 

MODEL = 22RR01 O Dufferln & Wellington Counties - Rural 
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Case Processing Summary8 

Count Percent 
view full 10 40.0% 

none 7 28.0% 
partial 8 32.0% 

overall 25 100.0% 
Excluded 0 
Total 25 
a. MODEL= 22RR010 Oufferln & Wellington Counties· Rural 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UcoerBound Median LowerBound UooerBound Co.---:: 
full 1.016 .900 1.132 1.032 .852 1.158 97.9% 
none 1.074 .924 1.225 1.086 .853 1.341 98.4% 
partial .990 .799 1.182 1.120 .623 1.189 99.2% 
OVerall 1.024 .949 1.099 1.071 .921 1.137 95.7% 

The confidence interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence Intervals are consbucted by assuming a Normal distribution for the ratios. 

a. MODEL= 22RR010 Dufferln & Wellington Counties - Rural 

MODEL = 22UR030 Wellington County Villages 

Case Processing Summary8 

Count Percent 
view full 6 6.5% 

none 81 88.0% 
partial 5 5.4% 

OVerall 92 100.0% 
Excluded 0 
Total 92 
a. MODEL = 22UR030 Wellington County Villages 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UocerBound Median Lower Bound UccerBound - --• 
full .879 .837 .922 .887 .831 .929 98.9% 
none .958 .923 .993 .954 .911 .972 95.5% 
partial .950 ..864 1.038 .980 .864 1.015 100.0% 
Overall .952 .922 .983 .948 .905 ., 95.3% 

The confidence Interval for the median is c:onatructsd without any distribution assumptions. The actual coverage level may be 
graater than the specified level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 22UR030 Wellington County VIiiages 

MODEL = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 
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Case Processing Summary8 

Count Percent 
Vl8W NU 2 3.8% 

none 48 92.3% 
partial 2 3.8% 

Overall 52 100.0% 
Excluded 0 
Total 52 
a. MOOa = 23RR010 Elgln, Middlesex & Oxford Counties· Rural 

Ratio Statistics for cva2012 / tas_8fflt& 

95% Confidence Interval for 
Mean 95% Conftdenc:e Interval for Median 

Actual 
GrouD Mean LowerBound UnaarBound Median LowerBound UmarBound 
fUII .954 -.151 2.058 .954 .887 1.041 100.0% 
none .987 .929 1.048 .935 .899 1.023 97.1% 
partial 1.190 -2.958 5.337 1.190 .884 1.517 100.0% 
Overall .994 .938 1.052 .935 .899 1.023 98.4% 

The canftdenca Interval for the median Is constructed without any dlatrlbutlon aaaump11ons. The &dual coverage level may be 
greater than the speclftec:l leval. Other confidence lntarvala ara constructed by assuming a Normal dlalrlbutlon for the ratios. 

a. MODB. = 23RR010 Elgin, Middlesex & Oxford Counties· Rural 

MODEL = 24RR01 O Huron & Perth Counties • Rural/Waterfront 

Case Processing Summary'I 

Count Pen:ant 
YNM NII 2 88.7% 

partial 1 33.3% 
Overall 3 100.0% 
Excluded 0 
Total 3 
a. Mooa = 24RR010 Huron & Perth Counties - Rural/Waterfront 

Ratio Statistics for cva2012 I tas_amt' 

95% Confldance Interval for 
Mean 95¥. Confidence Interval for Median 

Actual 
Qmun Mean LowerBound UonerBound Median LowerBound UmarBound :"" 

fUII 1.212 .875 1.749 1.212 1.170 1.254 100.0% 
partial 1.038 . . 1.038 . . . 
Overall 1.153 .879 1.4'1:T 1.170 1.038 1.254 100.0% 

The confldence lntaMd for the median Is constructed without any dlstrfbution assumptlana. The actual coverage level may be 
greater than the speclftec:l leval. Other confidence Intervals ara c:onstructad by assuming a Normal dlstrlbullon for the ratios. 

a. MODEL = 24RR010 Huron & Perth Counties· Rural/Waterfront 

MODEL= 25RR01 O Grey & Bruce Counties • Rural/Waterfront 
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Casa Processing Summary' 

Count Percent 
view fuU 13 68.4% 

none 4 21.1% 
partial 2 10.5% 

Overall 19 100.0% 
Excluded 0 
Total 19 
a. MODEL= 25RR010 Grey & Bruce Counties - Rural/Waterfront 

Ratio Statistics for cva2012 / tas_an,ta 

95% Confidence Interval for 
Mean 95% Confidence Interval for Medlan 

Actual 
Group Mean Lower Bound UooerBound Median LowerBound Uooer Bound Covemae 
fuU 1.073 .979 1.167 1.048 .977 1.188 97.8% 
none .966 .824 1.107 .981 .852 1.049 100.0% 
partial .956 .374 1.538 .956 .910 1.002 100.0% 
OveraU 1.038 .969 1.107 1.029 .941 1.092 98.1% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Nonna! dlsbibutlon for the ratios. 

a. MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

MODEL = 25UR010 Grey & Bruce Counties • Urban 

Case Processing Summary' 

Count Percent 
Vl8W none 15 93.8% 

partial 1 6.3% 
Overall 16 100.0% 
Excluded 0 
Total 16 
a. MODEL= 25UR010 Grey & Bruce Counties - Urban 

Ratio Statistics for cva2012 / tas_an,ta 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UooerBound Median LowerBound UooerBound - e 
none 1.025 .965 1.085 1.026 .928 1.134 96.5% 
par1laJ .748 . . .748 . . . 
OveraH 1.oo7 .940 1.075 1.026 .899 1.134 97.9% 

The conftdenc::e Interval for the median Is constructed without any distribution assumptions. The aclual coverage level may be 
greater than the apecffled level. Other confidence Intervals are constructed by assuming a Nonna! distribution for the ratios. 

a. MODEL= 25UR010 Gray & Bruce Counties • Urban 

MODEL = 26RR010 Chatham-Kent • Rural/Wallaceburg 
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Casa Processing Summary' 

Count Percent 
view full 78 28.0% 

none 198 65.3% 
partial 26 8.7% 

Overall 300 100.0% 
Excluded 0 
To1al 300 
a. MOoa ;;i 26RR010 Chatham-Kent. RurallWallaceburg 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound Uoner Bound Median LowerBound UrmArBound I e 
fUU 1.027 .981 1.073 .999 .958 1.030 96.9% 
none 1.031 1.007 1.055 1.012 .991 1.040 98.2% 
partial .989 .938 1.041 .972 .924 1.056 97.1% 
Overall 1.027 1.007 1.047 1.006 .983 1.027 95.7% 

The confidence Interval for the median Is constructed without any distribution assumpttons. The actual coverage level may be 
greater than the spedfled level. Other confidence Intervals 81'8 constructed by assuming a Nonnal distribution for the ratios. 

a. MOOa = 26RR010 Chatham-Kent· Rural/Wallaceburg 

MODEL = 26RR030 Lambton County• Rural/WF 

Case ProC888lng Summary' 

Count Percent 
View fUU 1 4.3% 

none 20 87.0% 
partial 2 8.7% 

Overall 23 100.0% 
Excluded 0 
Total 23 
a. MOOa ;;i 26RR030 Lambton County- Rural/WF 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UDr>er Bound Median Lower Bound UnoerBound Coveraae 
TUii .841 . . .841 . . . 
none 1.004 .965 1.042 1.002 .945 1.049 95.9% 
partial .968 .647 1.289 .968 .943 .993 100.0% 
Overall .993 .957 1.030 .993 .943 1.030 96.5% 

The confidence Interval for the median Is constructed without any dls1ribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals 818 constructed by assuming a Normal distribution for the ratios. 

a. MODEL = 26RR030 Lambton County- Rura!IWF 

MODEL = 27RR120 Essex County 
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case ProC88Slng Summary" 

Count Percent 
view full 99 36.4% 

none 132 48.5% 
partial 41 15.1% 

Overall 272 100.0% 
Excluded 0 
Total 272 
a MODEL= 27RR120 Essex County 

Ratio Statistics for cva2012 / tas_amfl 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Grouo Mean Lower Bound UnnerBound Median Lower Bound UooarBound Coveraae 
full 1.011 .983 1.039 .999 .977 1.024 95.6% 
none .981 .961 1.001 .983 .961 .997 95.5% 
partial .989 .945 1.033 .948 .920 1.029 97.2% 
Overall .993 .978 1.006 .984 .969 1.000 95.5% 

The confidence Interval for the median Is constructed without any dlstrfbuUon assumptions. The actual coverage level may be 
greater than the specffled level. Other confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 27RR120 Essex County 

MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Case Processing Summaryll 

Count Percent 
view full 25 16.2% 

none 116 75.3% 
partial 13 8.4% 

Overall 154 100.0% 
Excluded 0 
Total 154 
a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

Ratio Statistics for cva2012 / tas_aml"I 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
GrouD Mean Lower Bound UnoarBound Median Lower Bound UoDerBound Coveraae 
full 1.052 .997 1.107 1.036 .983 1.125 95.7% 
none 1.003 .980 1.027 .980 .948 1.009 96.8% 
partial 1.016 .945 1.087 1.014 .934 1.121 97.8% 
Overall 1.012 .992 1.033 .992 .971 1.020 95.6% 

The confidence Interval for the median Is constructed without any distribution assumptions. The actual coverage level may be 
greater than the specified level. Other confidence Intervals are constructed by assuming a Normal dlstrlbutlan for the ra11os. 

a. MODEL= 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

MODEL = 31RR010 District of Algoma 
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case Processing Summary8 

Count Percent 
view none 5 100.0% 
Overall 5 100.0% 
Exduded 0 
Total 5 
a. MODEL= 31RR010 District of Algoma 

Ratio Statistics for cva2012 / tas_amt8 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UcnerBound Median Lower Bound UccerBound Coveraae 
none 1.036 .763 1.310 1.058 .800 1.351 100.0% 
Overall 1.036 .763 1.310 1.058 .800 1.351 100.0% 

The confidence Interval for ttle median Is constructed without any distribution assumptions. The actual coverage level may be 
greater U,an ttle specified level. Ottler confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 31RR010 District of Algoma 

MODEL = 31UR010 Sault Ste. Marie/Prince Twp 

Case Processing Summary8 

Count Percent 
View full 1 8.3% 

none 11 91.7% 
Overall 12 100.0% 
Exduded 0 
Total 12 
a. MODEL= 31UR010 Sault Ste. Marie/Prince Twp 

Ratio Statistics for cva2012 / tas_amtll 

95% Confidence Interval for 
Mean 95% Confidence Interval for Median 

Actual 
Group Mean Lower Bound UcoerBound Median Lower Bound UccerBound CoveraM 
lUU .739 . .739 . . . 
none .980 .830 1.130 .963 .714 1.267 98.8% 
Overall .960 .818 1.102 .948 .739 1.062 96.1% 

The confidence Interval for ttle median Is constructed without any distribution assumptions. The actual coverage level may be 
greater U,an the specified level. Ottler confidence Intervals are constructed by assuming a Normal distribution for the ratios. 

a. MODEL= 31UR010 Sault Ste. Marte/Prince Twp 
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Appendix OS 

Appendix D5 - Distance Boxplots 

Boxplot ASR by Distance All Sales 

BufferDist_min 

Case Processing Summary 

Cases 
Valid Missina 

BufferDlst min N Percent N Percent 
ASRX 1.00 Within 1 km 279 100.0% 0 .0% 

2.00 1 km to 2km 989 100.0% 0 .0% 
5.00 2km to 5km 3063 100.0% 0 .0% 
6.00 Outside 5km 37093 100.0% 0 .0% 

ASRX 

Total 
N Percent 
279 100.0% 
989 100.0% 

3063 100.0% 
37093 100.0% 

2.10------------------------------, 

2.00 

1.90 

1.80 

1.70 

1.60 

O 1.50 

~ 1.40 

D 1.30 

ii 1.20 en 
,S 1.10----

! 1.00---­

~ 0.90 

"Cl 0.80 

! 0.70 

~ 0.60 ... 
G. 0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

-0.10------.------......-------,------~-----' 
Within 1km 1 km to 2km 2km to 5km Outslde5km 

BufferDlst_mln 

Boxplots ASR by Distance_ by Market Area 

MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 
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BufferDist_min 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

BufferOlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 13 100.0% 0 .0% 13 100.0% 

2.00 1 km to 2km 7 100.0% 0 .0% 7 100.0% 
5.00 2km to 5km 8 100.0% 0 .0% 8 100.0% 
6.00 Outside 5km 2606 100.0% 0 .0% 2606 100.0% 

a. MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

ASRX 

Market Area: Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

1.60 

1.50 

1.40 
0 

:;::; 
~ 1.30 

CD 

~ 1.20 
0 -~1.10-- --

~ 
,::, 1.00 

ts 
~o.oo- ---
f 
D. 

0.80 

0.70 

0.60 

Within 1km 1km to 2km 2km to 5km Outside 5km 

BufferDist_mln 

MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

BufferDist_min 
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Case Processing Summary8 

cases 
VaHd Mlssfna Total 

BufferOlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 25 100.0% 0 .0% 25 100.0% 

2.00 1 km to 2km 9 100.0% 0 .0% 9 100.0% 
5.00 2km to 5km 71 100.0% 0 .0% 71 100.0% 
6.00 Outside 5km 4868 100.0% 0 .0% 4868 100.0% 

a. MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

ASRX 

Market Area: Brant. Halldmand, Norfolk Counties • Rural/WF 

1.80 

1.50 

1.40 
0 = /1. 1.30 
G) 

~ 1.20 
0 -!1.10----

~ ,,1.00----
~ 
:S 0.90-------11-------
f 
a. 

O.BO 

0.70 

0.60 

Within 1km 1 km to 2km 2km to 5km 

BufferDlst_mln 
Outside 5km 

MODEL = 22RR010 Dufferin & Wellington Counties • Rural 

BufferDist_min 
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Case Processing Summaryl' 

cases 
VaRd Mlsslna Total 

BufferOist min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 26 100.0% o .0% 26 100.0% 

2.00 1 km to 2km 25 100.0% 0 .0% 25 100.0% 
5.00 2km to 5km 83 100.0% 0 .Oo/o 83 100.0% 
6.00 Outside 5km 1597 100.0o/o 0 .Oo/o 1597 100.0% 

a. MODEL= 22RR010 Dufferfn & Wellington Counties - Rural 

ASRX 

Market Area: Dufferln & Wellln on Counties • Rural 
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1.40 
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Q) 
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~ 
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MODEL = 22UR020 Dufferin County Villages 

BufferDist_min 

Outside 5km 
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Case Processing Summary' 

Cases 
VaDd Missina 

BufferOist min N Percent N Percent 
ASRX 5.00 2km to 5km 404 100.0% 0 .0% 

6.00 Outside 5km 2017 100.0% 0 .0% 
a. MODEL = 22UR020 Dufferin County Villages 

ASRX 

1.60 

1.50 

1.40 

0 
;:l 

&! 1.30 
Cl) 

~ 1.20 
0 -

Market Area: Dufferln County Vllla es 

Total 
N Percent 
404 100.0% 

2017 100.0% 

~ 1.10-+--------+--------------+---------1 

~ 
"CJ 1.00 
Cl) 

,:; 
=c o.oo-+--------+--------------+---,------1 
e 
a. 

0.80 

0.70 

0.60 

2km to5km 

B ufferDlst_ml n 

MODEL= 22UR030 Wellington County Villages 

BufferDist_min 

Outside 5km 

Page5 

002580



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 105 of 163

Case Processing Summary8 

Cases 
VaRd Misslno 

BufferOlst min N Percent N Percent N 
ASRX 2.00 1 km to 2km 92 100.0% 0 .0% 92 

5.00 2km to 5km 32 100.0% 0 .0% 32 
6.00 Outside 5km 2300 100.0% 0 .0% 2300 

a. MODEL = 22UR030 Wellington County Villages 

ASRX 

1.80 

1.70 

1.60 

.2 1.50 
li 
a:: 
a, 1.40 

iii 
Cl) 1.30 
.s 
! 1.20 
iii 

Market Area: Wellington County VIiiages 

Total 
Percent 
100.0% 
100.0% 
100.0% 
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Case Processing Summary'I 

Cases 
Valid Missina Total 

BufferOist min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 4 100.0% 0 .0% 4 100.0% 

2.00 1 km to 2km 52 100.0% 0 .0% 52 100.0% 
5.00 2km to 5km 72 100.0% 0 .0% 72 100.0% 
6.00 Outside 5km 4300 100.0% 0 .0% 4300 100.0% 

a. MODEL= 23RR010 Elgin, Mlddlesex & Oxford Counties- Rural 

ASRX 

Market Area: Elgin, Middlesex & Oxford Counties • Rural 
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1.60 

0 1.50 ;; 
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Case Processing Summa,yl 

cases 
VaRd Mlsslna Total 

BufferOlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1km 2 100.0% 0 .0% 2 100.0% 

2.00 1 km to 2km 3 100.0% 0 .0% 3 100.0% 
5.00 2km to 5km 98 100.0% 0 .0% 98 100.0% 
6.00 Outside 5km 786 100.0% 0 .0% 786 100.0% 

a. MODEL= 24RR010 Huron & Perth Counties- Rural/Waterfront 

ASRX 

Market Area: Huron & Perth CounUes • RuralJWaterfront 
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Case Processing Summary" 

cases 
Vafid Missina Total 

BufferOist min N Percent N Percent N Percent 
ASRX 1.00 Within 1km 12 100.0% 0 .0% 12 100.0% 

2.00 1km to 2km 19 100.0% 0 .0% 19 100.0% 
5.00 2km to 5km 265 100.0% 0 .0% 265 100.0% 
6.00 Outside 5km 2692 100.0% 0 .0% 2692 100.0% 

a. MODEL= 25RR010 Grey & Bruce Counties - Rural/Waterfront 

ASRX 
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Case Processing Summary' 

Cases 
vand Missing 

BufferOist min N Percent N Percent N 
ASRX 2.00 1km to 2km 16 100.0% 0 .0% 16 

5.00 2km to 5km 161 100.0% 0 .0% 161 
6.00 Outside 5km 4180 100.0% 0 .0% 4180 

a. MODEL = 25UR010 Grey & Bruce Counties - Urban 

ASRX 
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Total 
Percent 
100.0o/o 
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100.0o/o 

OutsideSkm 

MODEL = 26RR010 Chatham-Kent - Rural/Wallaceburg 

BufferDist_min 
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Case Processing Summary8 

cases 
Valid Mlsslna 

BufferOlst min N Percent N Percent N 
ASRX 1.00 Within 1km 83 100.0% 0 .0% 83 

2.00 1 km to 2km 300 100.0% 0 .0% 300 
5.00 2km to 5km 836 100.0% 0 .0% 836 
6.00 Outside 5km 663 100.0% 0 .0% 663 

a. MODEL = 26RR01 O Chatham-Kent - Rural/Wallaceburg 

ASRX 

Market Area: Chatham-Kent • Rural/Wallaceburg 
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Case Processing Summary8 

Cases 
Valid Mlsslnq Total 

BufferDlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1km 1 100.0o/o 0 .0% 1 100.0% 

2.00 1km to 2km 23 100.0% 0 .0% 23 100.0% 
5.00 2km to 5km 76 100.0% 0 .0% 76 100.0% 
6.00 Outside 5km 1942 100.0o/o 0 .0% 1942 100.0% 

a. MODEL = 26RR030 Lambton County - RuraWIF 

ASRX 

Market Area: Lambton Coun • Rural/WF 
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Case Processing Summary' 

Cases 
Valid Missina 

BufferDlst min N Percent N Percent 
ASRX 1.00 Within 1km 112 100.0% 0 .0% 

2.00 1 km to 2km 272 100.0% 0 .0% 
5.00 2km to 5km 768 100.0% 0 .0% 
6.00 Outside 5km 2198 100.0% 0 .0% 

a. MODEL= 27RR120 Essex County 

ASRX 
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112 100.0% 
272 100.0% 
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Case Processing Summary& 

Cases 
Valid Mlsslna Total 

BufferDlst min N Percent N Percent N Percent 
ASRX 1.00 Within 1 km 1 100.0% 0 .Oo/o 1 100.0% 

2.00 1km to 2km 154 100.0% 0 .Oo/o 154 100.0% 
5.00 2km to 5km 179 100.0% 0 .Oo/o 179 100.0% 
6.00 Outside 5km 2660 100.0% 0 .Oo/o 2660 100.0% 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

ASRX. 

Market Area: Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 
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Case Processing Summa,ya 

Cases 
Valld Missina 

BufferOist min N Percent N Percent 
ASRX 2.00 1 km to 2km 5 100.0o/o 0 .0% 

5.00 2km to 5km 7 100.0% 0 .0% 
6.00 Outside 5km 1483 100.0% 0 .0% 

a. MODEL= 31RR010 District of Algoma 
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Total 
N Percent 

5 100.0% 
7 100.0% 

1483 100.0% 

Outside 5km 
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Case Processing Summary' 

Cases 
VaUd Misslna 

BufferDist min N Percent N Percent 
ASRX 2.00 1 km to 2km 12 100.0% 0 .0% 

5.00 2km to 5km 3 100.0% 0 .0% 
6.00 Outside 5km 2801 100.0% 0 .Oo/o 

a. MODEL= 31UR010 Sault Ste. Marie/Prince Twp 

ASRX 

Market Area: Sault Ste. Marie/Prince T 
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Boxplot ASR by Distance by Market Type 
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BufferDist_min 

Total 
N Percent 

12 100.0% 
3 100.0% 

2801 100.0% 

Outside5km 
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BufferDlst min 
ASRX 1.00 Within 1 km 

2.00 1 km to 2km 
5.00 2km to 5km 
6.00 Outside 5km 

a. MRKTTYPE = RR 

ASRX 
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Case Processing Summary8 

Cases 
VaDd Misslna Total 

N Percent N Percent N Percent 
278 100.0% 0 .0% 278 100.0% 
715 100.0% 0 .0% 715 100.0% 

2284 100.0% 0 .0% 2284 100.0% 
23135 100.0% 0 .0% 23135 100.0% 
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-0.10-L..-----.--------~-------,-------r------' 
Within 1km 

Urban 

BufferDist_min 

1 km to 2km 2km to 5km Outside 5km 

BufferDist_mln 

Page 17 

002592



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 117 of 163

BufferDlst min 
ASRX 1.00 Within 1 km 

2.00 1 km to 2km 
5.00 2km to 5km 
6.00 Outside 5km 

a. MRKTTYPE = UR 
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Case Processing Summary8 

Cases 
Valid Misslna Total 

N Percent N Percent N Percent 
1 100.0% 0 .0% 1 100.0% 
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Appendix D6 - View Boxplots 

Boxplot ASRs Sales Less Than 1 km by View 

view 
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Case Processing Summary 

Cases 
Valid Misslna 

view N Percent N Percent 
ASRX 

ASRX 
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standardized vista description 
partial 

Boxplots ASR Sales within 1 km by View by Market Area 

MODEL = 05RR030 Napanee,Loyalist Twp, Frontenac/Lennox & Addington 
Counties South Rural/WF 

view 
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Case Processing Summary8 

Cases 
Valid Missina Total 

view N Percent N Percent N Percent 
ASRX full 8 100.0% 0 .0% 8 100.0% 

none 2 100.0% 0 .0% 2 100.0% 
partial 3 100.0% 0 .0% 3 100.0% 

a. MODEL = 05RR030 Napanee,Loyalist Twp, Frontenacllennox & Addington Counties South Rural/WF 

ASRX 

Market Area: Napanee,Loyallst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 
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view 

Page3 

002596



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 121 of 163

Case Processing Summary8 

Cases 
Valid Mlsslno Total 

view N Percent N Percent N Percent 

ASRX full 12 100.0% 0 .0% 12 100.0% 

none 12 100.0% 0 .0% 12 100.0% 

partial 1 100.0% 0 .0% 1 100.0% 

a. MODEL = 20RR010 Brant, Halldmand, Norfolk Counties - Rural/WF 

ASRX 

Market Area: Brant, Halldmand, Norfolk Counties - Rural/WF 
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Casa Processing Summary8 

Cases 
Valld Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 20 100.0% 0 .0% 20 100.0% 

none 3 100.0% 0 .0% 3 100.0% 
partial 3 100.0% 0 .0% 3 100.0% 

a. MODEL= 22RR010 Dufferln & Wellington Counties- Rural 

ASRX 

Market Area: Dufferln & Wallin on Counties • Rural 
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Case Processing Summary' 

Cases 
Valid Missina Total 

view N Percent N Percent N Percent 

ASRX full 2 100.0% 0 .0% 2 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL= 23RR010 Elgln, Middlesex & Oxford Counties- Rural 

ASRX 

Market Area: Elgin, Middlesex & Oxford Counties • Rural 
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0 -~ 1.00-1--------------------------------t 
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standardized vista description 

MODEL = 24RR010 Huron & Perth Counties • Rural/Waterfront 

view 

Case Processing Summaryl 

Cases 
Valid Missina Total 

view N I Percent N I Percent N I Percent 
ASRX full 2 I 100.0% o I .0% 2 I 100.0% 
a. MODEL= 24RR010 Huron & Perth Counties- Rural/Waterfront 
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ASRX 

Market Area: Huron & Perth Counties • Rural/Waterfront 
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standardized vista description 

MODEL = 25RR010 Grey & Bruce Counties • Rural/Waterfront 

view 

Case Processing Summary'-

Cases 
vand Mlssina Total 

view N Percent N Percent N Percent 
ASRX full 10 100.0% 0 .0% 10 100.0% 

none 1 100.0% 0 .0% 1 100.0% 
partial 1 100.0% 0 .0% 1 100.0% 

a. MODEL= 25RR010 Grey & Bruce Counties - Rural/Waterfront 

ASRX 
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standardized vista description 

MODEL = 26RR01 O Chatham-Kent • Rural/Wallaceburg 

view 

Case Processing Summary' 

Cases 
Vafid Missino Total 

view N Percent N Percent N Percent 
ASRX full 61 100.0% 0 .0% 61 100.0% 

none 16 100.0% 0 .0% 16 100.0% 
partial 6 100.0% 0 .0% 6 100.0% 

a. MODEL= 26RR010 Chatham-Kent- Rural/Wallaceburg 

ASRX 

partial 

Page 8 

002601



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 126 of 163

1.80 

1.70 

1.60 

.2 1.50 

~ 
a, 1.40 

ii 
tn 1.30 
s 
! 1.20 

'ii 
> 1.10-----­,, 
Q) 

U 1.00-----

e o. 0.90 

0.80 

0.70 

0.60 

Market Area: Chatham-Kent - Rural/Wallacebu 

full none 

standardized vista description 
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view 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

view N I Percent N I Percent N I Percent 
ASRX partial 1 I 100.0% o I .0% 1 I 100.0% 
a. MODEL = 26RR030 Lambton County - Rural/WF 

ASRX 

partlal 
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Market Area: Lambton Coun • Rural/WF 
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view 

Case Processing Summary' 

Cases 
Vaffd Mlsslna 

view N Percent N Percent 
ASRX fuU 74 100.0% 0 .0% 

none 22 100.0% 0 .0% 
partial 16 100.0% 0 .0% 

a. MODEL= 27RR120 Essex County 

ASRX 

Total 
N Percent 

74 100.0% 
22 100.0% 
16 100.0% 
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Market Area: Essex Coun 
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view 

Case Processing Summary' 

Cases 
Valid Mlssina Total 

view N I Percent N I Percent N I Percent 
ASRX full 1 I 100.0% 0 I .0% 1 I 100.0% 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

ASRX 

Page 11 

002604



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 129 of 163

Market Area: Lasalle, Tecumseh Lakeshora Urban & Essex Urban 

. - ~.,t 

fuD 

standardized vista description 

Boxplots ASR Sales 1 km to 2km by view by Market Area 

MODEL = 05RR030 Napanee,Loyallst Twp, Frontenac/Lennox & Addington 
Counties South RurallWF 

view 

Case Proceaslng Summ.,,a 

Cases 
VaDd -- Total ,._ 

view N Percent N Percent N Pen:ent 
ASRX none 5 100.0% 0 .0% 5 100.0% 

partlal 2 100.0% 0 .0% 2 100.0% 
a. MODEL ::z OSRR030 Napanee,LoyaDst Twp, Frontenac/Lennox & Addington Counties South Rural/WF 

ASRX 
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Market Area: Napanee,Loyallst Twp, Frontenac:/Lennox & Addington Counties South Rural/WF 
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MODEL = 20RR010 Brant, Halidmand, Norfolk Counties - Rural/WF 

view 

Case Processing Summary' 

Cases 
Valid Misslno Total 

view N Percent N Percent N Percent 
ASRX full 2 100.0% 0 .0% 2 100.0% 

none 7 100.0% 0 .0% 7 100.0% 

a. MODEL= 20RR010 Brant, Halldmand, Norfolk Countles- Rural/WF 

ASRX 
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Market Area: Brant. Halldmand, Norfolk Counties • Rural/WF 

full none 

standardized vista description 

MODEL = 22RR010 Dufferin & Wellington Counties - Rural 

view 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 10 100.0% 0 .0% 10 100.0% 

none 7 100.0% 0 .0% 7 100.0% 
partial 8 100.0% 0 .0% 8 100.0% 

a. MODEL= 22RR010 Dufferin & Wellington Counties- Rural 

ASRX 
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Market Area: Dufferln & Welllngton Counties • Rural 
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view 

Case Processing Summa,ya 

cases 
Valid Missina Total 

view N Percent N Percent N Percent 
ASRX full 6 100.0% 0 .0% 6 100.0% 

none 81 100.0% 0 .0% 81 100.0% 
partial 5 100.0% 0 ,0% 5 100.0% 

a. MODEL = 22UR030 WeRington County Villages 

ASRX 

partlal 
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full none partial 

standardized vista description 

MODEL = 23RR010 Elgin, Middlesex & Oxford Counties - Rural 

view 

Case Processing Summa,y' 

cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 2 100.0% 0 .0% 2 100.0% 

none 48 100.0% 0 .0% 48 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL = 23RR01 O Elgin, Middlesex & Oxford Counties - Rural 

ASRX 
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Market Area: Elgin, Middlesex & Oxford Counties • RuraJ 
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partial 
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view 

Case Processing Summary& 

Cases 
Valid Missina Total 

view N Percent N Percent N Percent 
ASRX full 2 100.0% 0 .0% 2 100.0% 

partial 1 100.0% 0 .0% 1 100.0% 
a. MODEL= 24RR010 Huron & Perth Counties· Rural/Waterfront 

ASRX 
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Market Area: Huron & Perth Counties • Rural/Waterfront 
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full partial 

standardized vista description 

MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

view 

Case Processing Summa,y' 

Cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 13 100.0% 0 .0% 13 100.0% 

none 4 100.0% 0 .0% 4 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL = 25RR010 Grey & Bruce Counties - Rural/Waterfront 

ASRX 
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Market Area: Gre & Bruce Counties • Rural/Waterfront 
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Case Processing Summary' 

cases 
VaUd Missina Total 

view N Percent N Percent N Percent 
ASRX none 15 100.0% 0 .0% 15 100.0% 

partial 1 100.0% 0 .0% 1 100.0% 

a. MODEL= 25UR010 Grey & Bruce Counties - Urban 

ASRX 

partial 
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Market Area: Grey & Bruce Counties • Urban 

0.70 

none partial 

standardized vista description 

MODEL = 26RR010 Chatham-Kent - Rural/Wallaceburg 

view 

Case Processing Summatya 

cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 78 100.0% 0 .0% 78 100.0% 

none 196 100.0% 0 .0% 196 100.0% 
partial 26 100.0% 0 .0% 26 100.0% 

a. MODEL= 26RR010 ChathaJTH(ent - RuraVWallaceburg 

ASRX 
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MODEL = 26RR030 Lambton County • Rural/WF 

view 

Case Processing Summary' 

Cases 
Valid Mlsslna Total 

view N Percent N Percent N Percent 
ASRX full 1 100.0% 0 .0% 1 100.0% 

none 20 100.0% 0 .Oo/o 20 100.0% 
partial 2 100.0% 0 .0% 2 100.0% 

a. MODEL = 26RR030 Lambton County • RuraWIF 

ASRX 

partial 
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Market Area: Lambton Cou • Rural/WF 
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0.80 

full none 
standardized vista description 

MODEL = 27RR120 Essex County 

view 

Case Processing Summary8 

Cases 
Valid Mlsslna 

view N Percent N Percent 
ASRX full 99 100.0o/o 0 .Oo/o 

none 132 100.0o/o 0 .Oo/o 
partial 41 100.0o/o 0 .Oo/o 

a. MODEL= 27RR120 Essex County 

ASRX 

Total 
N Percent 

99 100.0o/o 
132 100.0o/o 
41 100.0o/o 

partial 
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view 

Case Processing Summary' 

Cases 
Valid Mlssina Total 

view N Percent N Percent N Percent 
ASRX full 25 100.0% 0 .0% 25 100.0% 

none 116 100.0% 0 .0% 116 100.0% 
partial 13 100.0% 0 .0% 13 100.0% 

a. MODEL = 27UR070 Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 

ASRX 
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Market Area: Lasalle, Tecumseh, Lakeshore Urban & Essex Urban 
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Market Area: District of Algoma 
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Case Processing Summary' 

Cases 
Valid Misslna Total 

view N Percent N Percent N Percent 
ASRX full 1 100.0% 0 .0% 1 100.0% 

none 11 100.0% 0 .0% 11 100.0% 

a. MODEL= 31UR010 Sault Ste. Marie/Prince Twp 

ASRX 
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Impact of Wind Turbine Proximity on Sale Price 

Background 

Concern has been expressed that being in proximity to wind turbines negatively affects 
the sale prices of homes. To determine if this is the case, MPAC sought to determine if 
any difference in the market value of these residential homes was evident from its 
analysis for the 2008 base year reassessment. 

Methodology 

MP AC does not have a data element that identifies if a property abuts or is in proximity 
to a wind turbine. Therefore it was necessary to create an inventory of these properties. 
To do this, MPAC's database was reviewed and every property in the Province with a 
wind turbine or turbines was flagged. W'md turbines have a unique structure code. 
Therefore, an extract of every roll number with one or more occurrence of this structure 
code was completed. Also, the department responsible for valuing wind farms was 
contacted and a list of all wind farms valued by this group was provided. Using these 
two sources the inventory was created. It should be noted that if a wind turbine has been 
recently built and not yet inspected and added to MP AC's database, it would not be 
included in this inventory. 

Next, using MPAC's internal definitions of abuts and proximity (included at the end of 
this report), we identified any residential property (excluding farms) that met each 
definition and sold between 2005/01 and 2008/04. The number of wind turbines on the 
site that abutted or was in proximity was also recorded along with their total wattage. 
Farm sales were not included in this study because the Assessment Act dictates that they 
be valued based on their productive value using only farmer-to-farmer sales (Section 
19.5). This is different from residential properties that are assessed based on their most 
probable selling price on the open market (Section 19. l ). As a result, assessed values of 
farms can differ from their sale prices and would skew the results of this study. 

Sale prices were time adjusted to reflect the January l, 2008 valuation date used for 
MP AC's latest reassessment. These time adjustments were developed by market model 
area using all valid residential sales that occurred over the time period mentioned above. 
There are 131 market model areas in the Province. Once identified MPAC can compare 
its assessed values to the time adjusted sale prices to see if the results indicate any pattern 
of overassessment or underassessment. 

Results 

Because MP AC did not make an adjustment for proximity to wind turbines when 
developing its assessed values, if wind turbines did not affect value, one would expect to 
see assessment to sales ratios (the assessed value divided by the time adjusted sale price) 
near 1. If wind turbines had a negative affect, one would expect to see an average 
assessment to sale ratio (ASR) above 1. 

@MPAC Paget of3 
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Impact of Wind Turbine Proximity on Sale Price 

Province-wide there were 17 sales that met the specified criteria. Six sales abutted wind 
turbines. Eleven sales were in proximity to wind anbines (Using MP AC's internal 
definitions). The median assessment to sales ratio was 88% for the abutting properties 
and 92% for properties in proximity to wind anbines (see attached spreadsheet for full 
results). Also, there was no apparent relationship with the amount of power genented at 
the nearby site and the ASR. Given the limited number of sales, it is not poss1"ble to draw 
definitive conclusions. However, at this time it appears that there is not adequate 
evidence to wmant a negative adjustment to residential properties that abut or are in 
proximity to wind anbines. 

Assessment Act Sections 

19.1 The assessment of land shall be based on its Cmrent Value. "Current Value" as 
defined in the Act means, in relation to land, the amount of money the fee simple, if 
unencumbered, would realize if sold at arm's length by a willing seller to a willing buyer 

19.S For the purposes of determining the current value of farm lands used only for farm 
puq,oses by the owner or used only for firm pmposes by a tenant of the owner and 
buildings thereon used solely for farm purposes, including the residence of the owner or 
tenant and of the owner's or tenant's employees and their families on the farm lands, 

(a) consideration shall be given to the current value of the lands and buildings for 
farm puq,oses only; 

(b) consideration shall not be given to sales of lands and buildings to persons 
whose principal occupation is other than farming; and 

(c) the Minister may, by regulation, define "farm lands" and ''farm puq,oses". 

MP AC's Internal Definitions of Abuts and ProDlllity 

ABUTS: 

PROXIMITY: 

CMPAC 

Property is directly and immediately contiguous, physically 
touching, or sharing a common boundary line with another 
property or a site cbaracteristic. 

Property is directly across or diagonally across from the feature or 
attn"bute being descn"bed. It also includes properties within an 
economic neighbourhood that are positively or negatively affected 
by an economic influence, which affects the value within that 
neighbomhood. This may affect a few houses on a street, the 
entire street or a larger area. The positive or negative effect of 
economic influences may be different in some extleme situations 
and therefore may change the boundaries of what is normally 
considered 'proximity". Exceptions to the standard definition of 
proximity require appraisal judgement, common sense and 
consistency. See Rlw;trationfor standard examples of abuts and 
proximity properties. 
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Impact of Wind Turbine Proximity on Sale Price 
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Model· 19 

SC304SF 
TRAFFIC 
rd_gravl 
lwr_2KM 

Modtl:S8 

LAND A92 
LAND A94 
LAND A9S 
LAND_A96 
LAND A97 

LAND A98 

LAND AAS 

LAND AI8 

LAND A46 

LAND A77 

LAND AA6 

LAND B62 

LAND B64 
LAND B65 
LAND B67 

LAND B71 

LAND A14 

Appendix F - Study # 2 Regression Recalibrations 
Excluded Variables by Market Model 

05RR030 Excluded Variables 

Partial 
Beta In t Sig. Correlation Colllnearltv Statistics 
-.004(s) -.565 .572 -.012 .970 1.031 .184 
-.006(s) -.873 .383 -,018 .921 1.086 .184 
-.002(s) -.255 .799 -.005 .825 1.212 .184 
-.010(s) -1.091 .275 -.023 .603 1.651 .183 

20RR010 Excluded Variables 

- - Partial ColliDearity 

- Beta.Iii t Si2. CornlaUon StaUstics 
-.003ffffl -.606 .54S -.008 .706 
.002(ffl) .34S .730 .005 .678 
.OOO(ffl) -.057 .955 -.001 .938 

-.004(JJJ) -.927 .3S4 -.013 .911 
-.OOUfffl -.268 .789 -.004 .902 
.OOI(JJJ) .312 .75S .004 .951 

.004(jff) .647 .518 .009 .545 

.OOJ(jff) .47S .635 .007 .626 

-.00/(jff) -.249 .803 -.003 .973 

.004(jff) .822 .4Jl .012 .778 

.004(jff) .911 362 .013 .7S6 

.005(jff) 1.194 .233 .017 .943 
-.003(ff. -.752 .452 -.OJ I .928 
.003(ff. .524 .600 .007 .652 

-.003fff. -.512 .609 -.007 .638 
-.002(jff) -.444 .657 -.006 .925 

-.002(jff) -.386 .699 -.OOS .981 

LAND _A20AA2AB2 -.OOl(jff) -.236 .814 -.003 .987 
LAND A21 -.005(fffl -1.207 .227 -.017 .917 
LAND A22 .000/fffJ -.074 .941 -.001 .909 
LAND A23 -.OOJffffJ -.265 .791 -.004 .990 
LAND_A24 .002(jff) .391 .696 .005 .983 
LAND A2S .OOOfffn -.009 .993 .000 .989 
LAND A26 -.004(jff) -1.016 .310 -.OU .984 

LAND_A27 .003(jff) .659 .510 .009 .980 

LAND A31 .002(jff) .537 .591 .008 .993 
LAND A34 -.007(ffl) -1.524 .128 -.021 .965 
LAND A3S -.002(ffl) -.480 .631 -.007 .988 
LAND_A37 -.003(/ff) -.484 .628 -.007 .486 

Appendix F 
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LAND A3S -.006(fffl -1.506 .132 -.021 .989 
LAND AS3B60 .003(fff) .622 .534 .009 .987 
LAND AS4 .006(/ff) 1.36.S .172 .019 .983 
LAND AS7 -.OOJ(flfJ -.281 .779 -.004 .979 
LAND A62A65 -.OOJrfffl -.243 .808 -.003 .990 
LAND A63 -.007(fffl -1.572 .116 -.022 .967 
LAND A64 -.OOJrtttJ -.351 .725 -.OOS .986 
LAND ASO -.006(fffl -1.454 .146 -.020 .982 
LAND A76 .004(fffl .956 .339 .013 .842 
LAND ASS -.006(.iJ) -1.337 .181 -.019 .895 
LAND AA3 .002fffi .583 .560 .008 .990 
LAND AA4 .005(ffi 1.115 .265 .016 .990 
LAND AOS .006(ffi 1.095 .273 .015 .643 
LAND_A07 .007(.iJ) 1.297 .195 .018 .573 

LAND_A09 .001(.iJ) .108 .914 .002 .544 

LAND_AS9 -.005(.iJ) -1.264 .206 -.018 .969 

SIMCOE_Bun.TON -.015(.iJ) -.875 .382 -.012 .062 

PORTDOVER BUil.TON .016(.iJ) 1.038 .299 .015 .072 

HNVILLAGES BUil.TON .012(.iJ) .740 .459 .010 .071 

CALEDONIA_ VACANT -.006(.iJ) -1.226 .220 -.017 .680 

IWT IKM -.006(.iJ) -1.385 .166 -.019 .913 

IWT 2KM -.002(fjj) -.459 .646 -.006 .978 

IWT SKM -.002(.iJ) -.392 .695 -.005 .716 

22RR010 Excluded Variables 

Model: 32 
Partial Collinearity 

Beta In t Sig. Correlation Statistics 
NB304 -.005{ff) -.503 .615 -.012 .940 
NB306 .008(ff) .767 .443 .018 .864 
NB307 -.OOS{ff) -.495 .621 -.012 .915 
NB312 .011{ff) 1.027 .305 .024 .771 
NB313 .OOS(ff) .622 .534 .015 .863 
NB331 .006(ff) .590 ,555 .014 .759 
NB332 -.009(ff) -.837 .403 -.020 .697 
NB335 .OOS(ff) .544 .587 .013 .914 
NB341 .003{ff) .290 .772 .007 .704 
NB342 -.004(ff) -.430 .667 -,010 .905 
NB345 .OOO(ff) -.042 .967 -.001 .747 
SPL BF -.001(ff) -.117 .907 -.003 .963 
SPL=SIDE -.003(ff) -.358 .720 -.009 .978 
comer -.007(ff) -.764 .445 -.018 .977 
rd_gravl -.009(ff) -.877 .381 -.021 .850 
IWT 1KM -.001(ff) -.089 .929 -.002 .888 
IW()KM -.003{ff) -.268 .789 -.006 .945 
IWT_5KM -.009(ff) -.961 .337 -.023 .920 
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23RR010 excluded variables 

Model: 73 
Partial Collinearity 

Beta In t Sia. Correlation Statistics 
NB0327 -.012(uuu) -1.229 .219 -.020 .320 
NB0367 -.001(uuu) -.202 .840 •.003 .868 
N80369 .004(uuu) .600 .549 ,010 .664 
NB0337 -.010(uuu) -1.028 .304 -.016 .353 
NB0338 .005(uuu) .837 .403 .013 .851 
NB0339 .003(uuu) .367 .714 .006 .530 
PCVLCONDO_BUIL T .OOO(uuu) -.042 .967 -.001 .994 
dw_shar -.OOB(uuu) -1.407 .159 -.022 .972 
ab_playg -.006(uuu) -1.006 .314 -.016 .968 
ab_walkw -.002(uuu) -.393 .695 -.006 .953 
ab_cemet .005(uuu) .852 .394 .014 .982 
ab_chrch .006(uuu) 1.048 .295 .017 .965 
pr_playg -.006(uuu) -1.037 .300 -.017 .914 
pr_green -.005(uuu) -.854 .393 -.014 .971 
pr_chrch -.004(uuu) -.730 .465 -.012 .940 
culdesac .003(uuu) .494 .622. .008 .879 
tp_steep .001 (uuu) .220 .826 .004 .821 
tp_low -.OOS(uuu) -.858 .391 ·.014 .927 
H3227X35 .007(uuu) .940 .347 .015 .596 
H3227X61 -.007(uuu) -1.176 .240 -.019 .791 
H3238X.61 .(uuu) .000 
H3245825 .004(uuu) .606 .545 ,010 .696 
H3245X30 -.012(uuu) -.804 .421 -.013 .136 
H3202X15 -.002(uuu) -.317 .751 -.005 .516 
H3202X46 .007(uuu) 1.235 .217 .020 .917 
H3211X15 -.OOB(uuu) •1.428 .154 -.023 .893 
H3418E26 -.006(uuu) -1.028 .304 -.016 .886 
H3418E21 .002(uuu) .406 .685 .006 .931 
H3424E04 •.008(uuu) -1.274 .203 •.020 .829 
H3424E05 .006(uuu) 1.047 .295 .017 .913 
H3424E10 -.003(uuu) -.554 .580 -.009 .939 
H3424E11 -.001(uuu) -.179 .858 -.003 .921 
H3939A06 -.002(uuu) -.329 .742 -.005 .890 
H3939A07 .OOB(uuu) 1.359 .174 .022 .942 
H3926A12 .005(uuu) .921 .357 .015 .921 
H3906M03 -.009(uuu) -1.465 .143 -.023 .839 
H3906M05 .002(uuu) .211 .833 .003 .236 
H3916A04 .009(uuu) 1.596 .1 11 .025 .912 
H3926A22 .002(uuu) .312 .755 .005 .940 
IWT 1KM -.OOB(uuu) ·1 .438 .150 -.023 ,987 
iwr_:2KM -.003{uuu) -.308 .758 -.005 ~ 86 
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24RR010 Excluded Varlables 

Model· 33 
Partial 

Correlatlo Collinearity 
Beta In t SIA. n Statistics 

NB1306 .015(gg) 1.370 .171 .049 .972 
NB1307 -.009(gg) -.823 .411 -.030 .993 
NB1308 .OOO(gg) .014 .989 ,001 ,963 
NB1309 -.003(gg) -.240 .810 -.009 .984 
NB1310 .002(gg) .145 .885 .005 .895 
NB1311 .003(gg) .263 .792 .Q10 .954 
NB1312 -.014(gg) -1.217 .224 -.044 .958 
NB1314 -.016(gg) -1.363 .173 -.049 .941 
NB1316 .006(gg) .557 .578 .020 .973 
NB1317 -.006(gg) -.509 .611 -.018 .956 
NB1319 -.004(gg) -.319 .750 -.012 .911 
NB1320 -.013(gg) -1.122 .262 -.041 .926 
NB1322 -.005(gg) -.407 .684 -.015 .928 
NB1324 -.009(gg) -.834 .404 -.030 .971 
NB1330 -.008(gg) -.744 .457 -.027 ,944 
NB1331 .OOO(gg) .027 .978 .001 .934 
NB1402 .007(gg) .562 .574 .020 .833 
NB1403 .005(gg) .405 .685 .015 .825 
NB1404 .007(99) .633 .527 .023 .916 
NB1405 .012(gg) .983 .326 .036 .858 
NB1407 -.009(gg) -.732 .464 -.026 .895 
NB1408 .008(gg) .617 .538 .022 .800 
NB1410 .012(gg) 1.044 .297 .038 .922 
NB1411 .013(gg) 1.157 .248 .042 .972 
vl_1321 .015(gg) 1.113 .266 .040 .719 
vl_1323 -.013(gg) -.957 .339 -.035 .719 
vi 1332 .008(gg) .671 .503 .024 .885 
RAV_LIN .004(gg) .379 .705 .014 .883 
sc310sf .001(gg) .098 .922 .004 .910 
1wr_1KM -.009(gg) -.829 .407 -.030 .955 
1wr_2KM -.010(gg) -.836 .403 -.030 .953 
1wr_5KM .OOO(gg) -.006 .995 .000 .572 
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25RR010 Excluded Variables 

Model·47 . 
Partial Colfinearity 

Beta In t Sia. Correlation Statistics 
NB1200 .005(uu) .716 .474 .013 .817 
NB1202 .011(uu) 1.351 .177 .024 .580 
NB1206 .008(uu) 1.097 .273 .020 .747 
NB1209 -.002(uu) -.300 .764 -.005 .864 
NB1210 -.009(uu) -1.132 .258 -.020 .638 
NB1213 .008(uu) .748 .456 .013 .558 
NB1216 -.006(uu) -.898 .369 -.016 .920 
NB1217 -.002(uu) -.318 .750 -.006 .958 
NB1218 .002(uu) .255 .799 .005 .836 
NB1219 .010(uu) 1.588 .112 .029 .872 
NB1221 .001(uu) .186 .852 .003 .667 
NB1222 -.005(uu) -.848 .396 -.015 .894 
NB1225 .006(uu) .484 .629 .009 .219 
NB1226 .004(uu) .634 .526 .011 .950 
NB1227 -.006(uu) -.950 .342 -.017 .931 
NB1228 .001(uu) .135 .893 .002 .984 
NB1229 -.002(uu) -.267 .790 -.005 .958 
NB1230 .002(uu) .278 .781 .005 .965 
NB1231 -.004(uu) -.697 .486 -.013 .983 
NB1232 .001(uu) .225 .822 .004 .984 
NB1233 .003(uu) .424 .671 .008 .996 
NB1235 -.001(uu) -.129 .897 -.002 .970 
NB1236 .010(uu) 1.602 .109 .029 .883 
NB1237 .006(uu) .813 .416 .015 .718 
NB1238 -.004(uu) -.564 .573 -.010 .794 
NB1239 .006(uu) .903 .386 .016 .983 
NB1240 -.010(uu) -1.402 .161 -.025 .750 
NB1242 .005(uu) .741 .459 .013 .831 
NB1243 .001(uu) .171 .864 .003 .811 
NB1244 .001(uu) .090 .928 .002 .459 
NB1248 -.008(uu) -1.308 .191 -.024 .968 
NB1247 -.009(uu) -1.491 .136 -.027 .953 
NB1249 -.004(uu) -.577 .564 -.010 .626 
NB1250 .004(uu) .639 .523 .011 .832 
NB1251 .004(uu) .630 .529 .011 .892 
NB1300 .013(uu) 1.323 .186 .024 .374 
NB1302 .007(uu) .879 .380 .016 .664 
NB1303 -.007(uu) -1.156 .248 -.021 .902 
NB1305 .004(uu) .560 .562 .010 .819 
NB1307 .010(uu) 1.400 .162 .025 .780 
NB1309 .OOO(uu) .071 .944 .001 .922 
NB1310 -.004(uu) -.498 .620 -.009 .576 
NB1311 .009(uu) 1.437 .151 .026 .941 
NB1312 .OOO(uu) -.006 .995 .000 .913 
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NB1313 .002(uu) .289 .773 .005 .967 
NB1314 -.004(uu) -.641 .521 -.012 .978 
NB1315 .006(uu) .983 .326 .018 .847 
NB1316 -.006{uu) -.971 .332 -.017 .839 
N81317 -.003{uu) -.521 .603 -.009 .937 
N81318 .003{uu) .369 .712 .007 .758 
NB1319 -.008{uu) -1.262 .207 -.023 .958 
NB1320 -.003{uu) -.469 .639 -.008 .805 
NB1321 .001{uu) .092 .927 .002 .801 
NB1322 .OOO{uu) -.050 .960 -.001 .826 
NB1323 .008(uu) 1.261 .207 .023 .959 
NB1325 -.007(uu) -1.156 .248 -.021 .990 
NB1326 .005(uu) .724 .469 .013 .930 
NB1328 .002(uu) .352 .725 .006 .994 
NB1329 -.005(uu) -.683 .495 -.012 .598 
NB1330 .001(uu) .179 .858 .003 .925 
NB1332 .001(uu) .207 .836 .004 .842 
NB1333 -.010(uu) -1.433 .152 -.026 .742 
NB1334 -.009(uu) -1.328 .184 -.024 .830 
NB1335 .002(uu} .316 .752 .006 .878 
N81336 .007(uu) 1.015 .310 .018 .813 
NB1338 -.002(uu) -.390 .696 -.007 .932 
NB1339 -.009(uu) -1.454 .146 -.026 .910 
NB1340 -.007(uu) -1.115 .265 -.020 .942 
NB1341 -.009(uu) -1.278 .201 -.023 .725 
NB1343 -.012(uu) -1.454 .146 -.026 .532 
NB1344 -.003(uu) -.484 .628 -.009 .831 
NB1345 -.007(uu) -1.000 .317 -.018 .712 
NB1346 -.003(uu) -.513 .608 -.009 .924 
NB1347 -.006(uu) -.920 .358 -.017 .916 
NB1348 .006(uu) .755 .450 .014 .535 
comer -.003(uu) -.477 .633 -.009 .946 
culdesac .003(uu) .490 .624 .009 .831 
RAV_LIN -.007(uu) -1.047 .295 -.019 .865 
IWT 1KM -.002(uu) -.273 .785 -.005 .891 
1wC2KM .001(uu) .137 .891 .002 .926 
IWT_5KM .001(uu) .158 .875 .003 .651 

002628



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 153 of 163

26RR01 O Excluded Variables 

Model: 21 
Partial Collinearity 

Beta In t SiQ. Correlation Statistics 
NB0184 .005(u) .652 .514 .017 .688 
NB0185 -.003(u) -.343 .732 -.009 .700 
NB0187 .001(u) .080 .936 .002 .793 
NB0200 .004(u) .498 .618 .013 .874 
NB0203 .005(u) .635 .526 .016 .926 
NB0204 .006(u) .790 .430 .020 .960 
NB0212 .003(u) .400 .689 .010 .961 
NB0214 -.004(u) -.530 .596 -.014 .933 
NB0216 -.004(u) -.581 .561 -.015 .860 
NB0220 -.007(u) -.939 .348 -.024 .886 
NB0224 .005(u) .095 .924 .002 .016 
NB0226 -.003(u) -.464 .643 -.012 .975 
NB0232 -.008(u) -1 .051 .293 -.027 .933 
NB0241 .003(u) .457 .648 .012 .917 
NB0248 .001(U) .199 .842 .005 .954 
NB0250 -.011 (u) -1.376 .169 -.036 .767 
NB0251 .OOO(u) -.007 .995 .000 .792 
NB0254 -.008(u) -1.098 .272 -.028 .937 
NB0259 .007(u) .614 .539 .016 .328 
NB0270 -.004(u) -.354 .723 -.009 .464 
NB0272 -.018(u) -.769 .442 -.020 .090 
NB0273 .003(u) .337 .736 .009 .766 
NB0276 -.001(u) -.119 .905 -.003 .425 
NB192_B16 .001(u) .126 .900 .003 .806 
NB230_E19 .001(u) .124 .901 .003 .366 
NB251 HIQUAL .004(u) .586 .558 .015 .951 
PC333SF .007(u) .906 .365 .023 .833 
PC332 -.036(u) -1.114 .265 -.029 .041 
PC391 .006(u) .688 .492 .018 .668 
PC392 -.003(u) -.408 .683 -.011 .767 
PC392395 .009(u) 1.148 .251 .030 .784 
NB183_LOWQUAL .004(u) .370 .712 .010 .424 
acc_no -.004(u) -.531 .595 -.014 .818 
FL1_D -.004(u) -.494 .621 -.013 .713 
floodp_r .003(u) .327 .744 .008 ,779 
no_str_l .008(u) .858 .391 .022 .535 
zone com .003(u) .452 .651 .012 .895 
IWT_1KM -.004(u) r-,584 .559 .015 .946 
IWT_2KM .002(u) .183 .855 .005 .720 
IWT SKM -.009(u) -1.153 .249 -.030 .764 
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26RR030 Excluded Variables 

Model· 6 
Partial CoUlnearity 

Beta In t Sig. Correlation Statlstlcs 

FL1_D -.002(f) -.308 .758 -.007 .681 

PC333T0336_SF .002(f) .395 .693 .009 .812 

MARKET2 -.003(t) -.082 .935 -.002 .024 

NB407B14_PC100 .001(f) .21 1 .833 .005 .784 

NB0304 -.004(f) -.537 .592 -.012 .559 

NB0305 .002(f) .256 .798 .006 .724 
NB0306 .004(f) .846 .518 .015 .827 

NB0311 .001(f) .149 .881 .003 .767 
NB0351 -.004(f) -.714 .475 -.016 .716 

NB352_065 .003(f) .5n .564 .013 .989 
NB0353 .OOO(f) -.022 .983 .000 .861 

NB0354 -.003(f) -.532 .595 -.012 .904 

NB0355 .OOO(f) -.010 .992 .000 .926 

NB0357 .OOO(f) -.001 .999 .000 .948 
NB0362 -.001 (f) -.233 .816 -.005 .713 
NB0364 -.003(f) -.625 .532 -.014 .966 
NB0365 .OOO(f) .on .939 .002 .985 
NB0368 .008(f) 1.356 .175 .031 .827 
NB0370 -.001(f) -.216 .829 -.005 .917 
NB0371 -.002(f) -.280 .n9 -.006 .568 
NB0376 .001(f) .136 .892 .003 .9n 
NB0378 -.003(f) -.349 .727 -.008 .487 
NB410_B61 -.007(f) -1.300 .194 -.030 .831 
NB415_856 .OOO(f) -.020 .984 .000 .372 
NB417_B48 .012(f) 1.338 .181 .031 .330 
ab_educ -.003(f) -.605 .545 -.014 .962 
ab_hydro -.007(f) -1.327 .185 -.031 .893 
SPLITLIN .004(f) .720 .471 .017 .773 
SPL_UNCV -.004(f) -.767 .443 -.018 .989 
zone_com -.001(f) -.211 .833 -.005 .931 
zone_lnd -.007(f) -1.185 .236 -.027 .820 
ZONE_LIN -.005(f) -.831 .406 -.019 .895 
IWT_2KM -.016(f) -1.417 .157 -.033 .218 
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27RR120 Excluded Variables 

Model·42 
Partial Collinearity 

Beta In t Sig. Correlation Statlstlcs 
NB0165 -.002(pp) -.256 .798 -.005 .521 
NB0166 -.001(pp) -.200 .842 -.004 .618 
NB0169 .004(pp) .560 .575 .011 .537 
NB0170 .007(pp) 1.332 .183 .025 .853 
NB0172 .OOO(pp) .002 .998 .000 .701 
NB0176 -.004(pp) -.770 .442 -.015 .934 
NB0177 .OOO(pp) .075 .941 .001 .625 
NB0179 -.003(pp) -.533 .594 -.010 .718 
NB0180 -.007(pp) -.793 .428 -.015 .287 
NB0183 -.003(pp) -.561 .575 -.011 .720 
NB0184 .007(pp) 1.374 .170 .026 .719 
NB0187 -.003(pp) -.480 .631 -.009 .433 
NB0192 -.004(pp) -.587 .557 -.011 .455 
NB0198 .OOO(pp) .032 .975 .001 .297 
NB0199 -.003(pp) -.722 .470 -.014 .980 
NB0272 .001(pp) .131 .895 .002 .498 
NB0279 .OOO(pp) -.048 .962 -.001 .390 
NB0281 -.004(pp) -.839 .402 -.016 .902 
NB0284 .011(pp) 1.496 .135 .028 .394 
NB0286 .002(pp) .344 .731 .007 .607 
NB0288 -.007(pp) -1 .220 .222 -.023 .648 
NB0293 .001(pp) .234 .815 .004 .923 
VILL VI. .011 (pp) .939 .348 .018 .154 
ab_playg -.004(pp) -.844 .399 -.016 .939 
ab_u_box -.003(pp) -.598 .550 -.011 .919 
Fl1_P .OOO(pp) .003 .998 .000 .851 
DES_LOG_SF .001(pp) .303 .762 .006 .974 
STOR_114 -.006(pp) -1 .205 .228 -.023 .924 
SPLIT_AOJ .002(pp) .426 .670 .008 .791 
NORTH381 .002(pp) .344 .731 ,007 .582 
NB359 A49 .001(pp) .107 .915 .002 .451 
NB383-047 .006(pp) 1.085 .278 .021 .607 
FLOOD_IM .006(pp) 1.299 .194 .025 .854 
NB169 PC100 .002(pp) .314 .754 .006 .930 
NB170-PC311 .001(pp) .180 .857 .003 .936 
NB370-PC100 -.008(pp) -1.055 .292 -.020 .373 
NB372-B74 -.002(pp) -.404 .686 -.008 .827 
NB182-NOT CBO .005(pp) .882 .378 .017 .770 
rwr_1i<M - -.004(pp) -.703 .482 -.013 .727 
1Wf_2KM .006(pp) 1.142 .254 .022 .767 
IWT_5KM -.007(Qp) -1 .323 .186 -.025 712 

002631



Michael MaRous Testimony, Ex. ____, Exhibit 2 
Page 156 of 163

31RR010 Excluded Variables 
Modd:9 

Pu1:ial Collinearity 
Beta In t Sm. Correbtion Statistics 

iwtlt2km .OOJ{i) .307 .759 .006 .843 
IWr SKM .016(,) 1.487 .137 .028 .705 
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Re-sales Analyses - Lanslnk and MPAC 

Introduction 

Lansfnk Appraisal and Consulting released case studies on the Impact of proximity to Industrial wind 
turbines (IWTs) on sale prices for properties located near the Metancthon and Clear Creek wind turbine 
facilities In southwestern Ontario. 

The conclusions presented In the Lanslnk study are based on the analysis of 12 properties that sold and 
resold between June 2005 and November 2012. In two Instances In the Clear Creek study, Initial sales 
date back to March 2004 and September 1995. On other properties In the Clear Creek area, the Lanslnk 
study uses MPAC's January 1, 2008 Current Value Assessment (CVA) as a proxy sale price In which to 
conduct the analysis. All five properties used In the Melancthon study area Involved tanadlan Hydro 
Developers (CHO) as the purchaser on the lnltlal sale and the vendor on the re-sale. 

The conclusions of the case studies indicate a 30-35% loss In price due to the proximity of the properties 
to an IWT, based on the sale and re-sale of the 12 properties. 

In MPAC's review of the Lanslnk study, the appropriateness of the price change Index Is considered and 
another re-sale analysis Is conducted using an alternative price Index methodology In over 2,000 re-sales 
across Ontario. 

Basic Methodology In Lanslnk Study 

Each sale and re-sale (or in the absence of an initial sale the 2008 CVA) is presented as a case study. 
The Initial sale price and date are shown along with the Multiple Ustlng Service (MLS) average sale price 
for the month of sale. The re-sale price and date are shown along with the MLS average sale price for 
the month of the re-sale for the property. The MLS average sale prices are based on tanadlan Real 
Estate Association (CREA) data as presented by the local real estate board. 

The case study uses the percentage difference between MLS average sale prices to estimate price 
change over time In the marketplace. The Initial sale Is trended to the sale date of the re-sale. The 
difference between the trended sale price and the actual re-sale price Is calculated as a dollar amount 
and a percentage. Any difference In price between the trended sale price and the actual sale price is 
attributed to the presence of the IWT and presented as a diminution of price. 

Table 1 below provides a sample calculation that determines the loss In price in the Lansink case studies. 

llPage 
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Table 1: Lanslnk Case Study Methodology Sample calculation 

-- Average Percentage 
Sale MLS Price@ Change-MLS Trended Sale Diminution 
Price Sale Date Time of Sale Average Price of Price 

Initial Sale $100,000 October 2010 $100,000 25.00% $125,000 ($10,000} 
Re-Sale $115,000 October 2011 $125,000 -8.0% 

In this example, using only 2 data points, the property initially sold for $100,000 in October 2010. It sold 
again in October 2011 for $115,000. The average MLS sale prices were $100,000 and $125,000 
respectively at time of sale. This results in a 25% increase over a 12 month period. The Initial sale price 
Is trended by 25% (multiplier of 1.25) to produce a trended sale price of $125,000. The Lanslnk study 
argues that without the nearby IWT, the property should have sold for Its trended sale price and then 
calculates the loss in price as the difference between the trended sale price and its actual sale price. In 
the above example, the loss In price Is ($10,000) or -8.0%. 

Methodology Issues 

The first issue with the basic methodology Is the use of the average MLS sale price as a proxy for market 
change. CREA statistics are board-wide and may not accurately repre.sent the average sale price In the 
local area (i.e., neighbourhood). Some areas of the board will be above average, some will be below 
average and others will be average. The use of average sale prices that are more local may produce 
different results. Also, there Is no comparison of the housing stock that sold during each time period. If 
the type of houses that sold each month differs, that could affect the average sale price and produce a 
misleading time adjustment. 

The second issue ls the use of only two data points to develop a trend. Two points always produce a 
straight line and don't give any information on what happened in between. Alternative time adjustment 
methods are available and used by appraisers using all available sales data and would produce a more 
reliable market trend1. 

Two sales used In the Clear Creek study area uses re-sales 8 and 17 years apart. One assumption with 
re-sale analysis is that there are no physical changes between sales. Given the length of time between, 
it is difficult to Imagine this assumption holds true. The remaining sales In the Clear Creek study area 
only have one sale and use the 2008 CVA as a proxy sale price as of January 2008. MPAC is not aware of 
any professional literature which states that assessments or appraised values maybe used in a re-sale 
analysis. 

To demonstrate that canadian Hydro Developers paid market value when they initially purchased the 
five properties near the Melancthon wind farm, the Lansink study calculated the median sale price per 
square foot for two groups of properties. Group A was 20 properties northwest of Shelburne and to the 
northeast and southeast of the IWT's. Group B was four of the five sales purchased by CHO. Because 
the two groups had similar sale prices per square foot, the Lansink study concluded that the CHD 
purchase prices represent fair open market prices. One of MPAC's major concerns with this approach is 
that Group B ls made up of only 4 sales. This Is a very small sample. 

1 Mike Wolff, Adjusting Market Value over Time, The Appraisal Journal, Fall 2010 
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Another Issue with one of the sales In Group B Is that It has an Indicated llvlng area In MPAC"s database 
of 900 square feet as opposed to the 1,800 square feet recorded by the lanslnk study The property In 
question appears to be a raised bungalow with a basement walkout. According to the Appraisal 
Institute of Canada, finished basements are generally not lnduded In total gross llvlng area. Total gross 
IMns area being defined as finished above grade residential space2• 

Other artides state that above grade and below grade finished areas should be distinguished between 
one another. Below srade Is senerally defined as space on a level with earth adjacent to any exterior 
waif. MPAC has recorded 563 square feet of finished area on this basement walkout level. 

lnduslon of unfinished basement area as total IMns area by the Lanslnk study Is Incorrect. The question 
Is should finished area below grade be lnduded as total IMns area used to determine the sale price per 
square foot. This difference Is Important and significant because of the small size and Its Impact on the 
median sale price per square foot for these four properties. If 900 square feet Is used, the median and 
averase sale prices per square foot Increase to $248.11 and $257.94 respectively. If the finished area 
below grade Is Included and 1,463 square feet of IMng area Is used, the median and averase are 
$219.87 and $225.34. 

Also, the sample used In Group A Is a subset of the available sales In the area. These sales come from 
four of MPAC"s homogeneous neighbourhoods. Homogenous Neighbourhoods are defined to capture 
the Influence of a particular location within a given market area. 

When all 113 sales In these four neighbourhoods are looked at, the followlns values per square foot are 
Indicated: 

. Median Sale Price/ SF 
Number of Sales . . ($) Mean Sale Price/ SF($) 

Unused Sales 91 176.64 187.90 
GrouD A Sales 18 212.37 206.16 
Group B Sales 4 248.11 257.94 
OVerall 1U 19U8 194.28 

Two of the sales Included In the Lanslnk study were coded as builder sales by MPAC and were not 
lnduded In MPAC"s sales database. For this reason, there are 18 sales from Group A Included In the 
above table. 

Upon further review, MPAC noted that three of the four CHD purchases (Group B) occurred In one 
homoseneous nelshbourhood (A67). Ten of the 20 Group A sales occurred In this neighbourhood. For 
this reason MPAC looked at all the sales In this homogeneous nelshbourhood separately using 900 
square feet for the sale In question. 

2 The Appraisal of Real Estate, 3"' canadlan Edition, (Appraisal Institute of canada), 2010, p.11.7 
1 Dianna LeBreton, How to measure and calculate residential square footap, Clnadtan Property Valuation Volume 
53, Book 1, (Appraisal Institute of canada), 2009 
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Unused Sales 11 200.00 20038 
Group A Sales 10 210.25 213.24 
GrouD B Sales 3 231.25 255.60 

-.·:, .. ,·,,. 

These figures Indicate there may be a difference between the sale prices paid by CHO and the typical 
sale prices In this area, albeit on a very small sample. If 1,463 square feet are used for the sale In 
question, the median and average sale price per square foot drops to $208.48 and $212.13, respectively. 
This highlights the volatility of using small sales samples. 

One final Issue with the sales used In the Lanslnk study was that the second sale price was consistently 
lower than the first sale price despite the fact the time frame being analyzed was one of Inflation. The 
absence of variability In the study make them suspect. 

MPAC's Re-Sale Analysis 

MPAC Identified over 2,000 re-sales of properties within the database used to conduct Its Assessment to 
Sale Ratio (ASR) analysis, as part of Its own study on the Impact of IWT's for the 2012 CVAs. 

A re-sal~ analysis using similar logic to the Lanslnk study was conducted using the Time Adjustment 
Factors {TAFs) developed as part of MPAC's analysis for each residential market area to prepare and 
quality check the 2012 CVAs prior to being placed on the assessment roll. Resldentlal time trends can 
be determined using one of five accepted methods. Paired sales methods and re-sale analysis methods 
are generally limited to fee appraisal and often too tedious for mass appraisal work. Mass appraisal 
time trend methods lndude tracking the sale price per unit over time, sales to assessment ratios over 
time or lndudlng time variables as a variable In the valuation model (I.e., Multiple Regression Analysis 
(MRA) model). lndudlng time variables In the valuation model Is MPAC's preferred approach to 
developing time trends and TAFs. 

The advantages of indudlng time variables In the MRA model Is that the effect of time Is Isolated 
because the model controls the other value Influences as part of the equation and all available sales 
within each market area can be used. Time trends may be straight-line (constant rate of change and 
direction over time) or non-linear (different rates of change and direction over time). Non-linear trends 
require additional terms to be added to the analysis to adequately capture market chanse. 

For valuation purposes, MPAC bases the midpoint of the TAF's on the legislated valuation date of 
January 1, 2012. 

The following ls a sample calculation of a time trend: 
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Coefficient for (Months x Total Living Area) = $0.833 

Average Living Area = 1,500 square feet 

Average Sale Price = $200,000 

Average Increase per month= 0.833•1500 = 1249.5 

Time Trend (r) ::::: 1249.5/200,000 ::::: 0.62475% per month 

Once the monthly rate Is established, a table of Time Adjustment Factors can be calculated for each 
month using the formula (r•Months) +1. 

Table 2 below, provides a sample table for the sales period, from July 2010 to December 2011, a period 
of 18 months. 

To centre the time adjustment factor on a desired month, simply divide the time trend for the desired 
month by each monthly time trend. To centre the time adjustment on December 2011, divide 1.1186 by 
each monthly trend. 

The ratio of the monthly TAFs will provide the percentage change In the market between the sale dates. 

a e : ampe me Tbl2S ITI Adj ustment actor a e F T bl 
Time Adjustment 

Sale Date Month Number TimeTrend Factor 
July2010 1 1.0062 1.1117 
August2010 2 1.0125 1.1048 
September 2010 3 1.0189 1.0979 
October 2010 4 1.0252 1.0911 
November 2010 5 1.0316 1.0843 
December 2010 6 1.0381 1.on6 
Januarv 2011 7 1.0446 1.0709 
February 2011 8 1.0511 1.0643 
March 2011 9 1.osn 1.0577 
Aprll 2011 10 1.0643 1.0511 
Mav2011 11 1.0709 1.0446 
June 2011 12 1.0776 1.0381 
July2011 13 1.0843 1.0316 
August2011 14 1.0911 1.0252 
Seatember 2011 15 1.0979 1.0189 
October 2011 16 1.1048 1.0125 
November 2011 17 1.1117 1.0062 
December 2011 18 1.1186 1.0000 
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To conduct Its re-sale analysis for this study, MPAC time adjusted the Initial sale of each property to that 
of the second sale using the ratio of monthly TAFs. This produces a trended sale price as of the re-sale 

date. Table 3 provides an example using the same data as Table 1 above. 

Table 3: MPAC's Re-Sale Analysis Sample calculatlon 

Sale· TAFtoJan 1, Trended Sale Percentage 

Price Sale Date 2012 TAFRatio Price .. . Difference 

Initial Sale $100,000 October 2010 1.0911 1.078 $107,800 

Re-Sale $115,000 October 2011 1.0125 6.68% 

In the example, the property Initially sold for $100,000 In October 2010. It sold again In October 2011 
for $115,000. The TAF from October 2010 to January 1, 2012 ls 1.0911, Indicating an overall Increase of 
9.11% over the time frame. The TAF from October 2011 to January 1, 2012 ls 1.0125, Indicating an 
overall Increase of 1.25% over the time frame. The ratio of the TAFs ls 1.078 (1.0911/1.0125), which 
indicates a 7.8% Increase the 12 months between sales. The Initial sale price Is trended by 7.8% 
(multiplier of 1.078) to produce a trended sale price of $107,800. 

An examination of the differences between the trended sale price and the actual sale amounts reveals 
the actual market change Indicated by the re-sales as compared to the market change Indicated by the 
entire market area. In other words; 

• A difference of 0% would Indicate that the market change as shown by the re-sales Is exactly the 
same as that Indicated for their respective market areas. 

• A difference above 0% means that the re-sales are Indicating greater Inflation In value than their 
respective market area. 

• A difference below 0% means that the re-sales are Indicating greater deflation In value than that 
of their respective market areas. 

In the sample calculation above, the re-sale of the subject property at $115,000 ls 6.68% greater than 
the trended sale price In the market area of $107,800. 

Table 4 provides the median percentage change for the 2,051 re-sales In MPAC's sales database using 

the previously defined distance groupings. 

Table 4: Summary of MPAC's Re-sale Analysis 

Median Number 
Percentage Minimum Maximum Number of of Sales 

Distance Number of Difference Percentase Percentage Sales Less Greater 
Grounln• Sales Difference Difference than CJ% than CJ% 

Wlthlnlkrn 12 2.84 -15.36 30.61 4 8 
1krnto2krn 52 6.35 -14.29 63.00 16 36 
2krnto5krn 150 -057 -18.90 88.10 n 73 
OutsldeSkm 1,837 2.05 -28.16 127.02 680 1,157 
OVERALL 2,051 1.96 -28.16 127.02 777 1,274 
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The results in Table 4 Indicate that re-sales of properties closest to wind turbines are experiencing 
greater market Increases than their respective market area. In terms of Individual re-sale market 
Increases, re-sale's with market shifts greater than 0% out number re-sales with market shifts Jess than 
0% by approximately 2 to 1 for properties within 2 km of an Industrial wind turbine. This result would 
indicate no loss In price due to proximity to the IWT. 

Summary of Findings 

MPAC's own re-sale analysis using a generally accepted methodology for time adjustment factors 
Indicates no loss In price based on proximity to the nearest IWT. This analysis using similar logic to that 
used In the Lansink study confirms the previous results from MPAC's report on the Impact of wind 
turbines on 2012 0/As and Is contrary to the conclusions of the Lansink study. 

Of the 2,051 sales used In MPAC's re-sale analysis, 2,002 had higher second sales, nine sold for the same 
price twice and 40 sold for less the second time. Of the 40 that sold for less the second time, 39 are 
outside 5km of an IWT, 1 is within 2 to 5km of an IWT and none are within 2km. That means 97.5% of 
these properties sold for more the second time. It is possible that some selection bias may exist In the 
Lanslnk studies. MPAC has attempted to prevent this by using all available re-sales In its analysis. 

MPAC previously applied the same re-analysis logic to another study conducted by Lanslnk Appraisal and 
Consulting on the potential Impact of existing or proposed gravel pits on neighbouring residential 
properties". The gravel pit study followed the same methodology as the Lanslnk Wind Turbine Study. 

Similar to this study, 13 of the 19 properties used had resale prices that were lower than the Initial sale 
used In the study. Of the remaining six sales, one sold for the same price twice, one sold for $1,000 
more than five years after the initial sale and one had 20 years between sales. The Lansink Gravel Pit 
study concluded a potential diminution in price (if any) of approximately 22%. MPAC's internal analysis 
Indicated no loss in price in the study area using the same re-sale analysis process. 

" Ben Lanslnk, •ease Studies: Diminution / Change In Price (If any) on Residential Real Estate Located In the Vicinity 
of an Existing or Proposed Ontario Pit or Quarry," Lanslnk Appraisals and Consulting, July 2013 
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Abstract 

The Municipal Property Assessment Corporation (MPAC) undertook a study to ensure that the 

assessments of properties in proximity to industrial wind turbines (IWTs) are fair and accurate. 

Over the last few years, the subject of IWTs has been the subject of numerous reports and studies 

- both in Canada and worldwide. Past and current studies undertaken by academics, real estate 

and health professionals have focused on the potential impacts of IWTs on property value and 

the health of those residing on the property. Given MPAC's legislated mandate, this report 

studies whether properties within five kilometres of an lWT are assessed at current value, and 

whether their assessment is equitable to those situated more than five kilometres from an IWT. 

MPAC's study concludes that 2016 Current Value Assessments (CVAs) of properties located 

within proximity to an IWT are assessed at their current value and are equitably assessed in 

relation to homes at greater distances. This finding is consistent with MPAC's 2008 and 2012 

CVA reports. The study underwent a rigorous independent third-party peer review (conducted 

by Robert J. Gloudemans) and includes appendices describing the study parameters and 

documenting the analyses. 
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Executive Summary 

This report provides the results of the Municipal Property Assessment Corporation's study of the 

impact of industrial wind turbines (IWTs) on residential property assessment in Ontario (2016 

Assessment Base Year Study). 

Background 

MPAC is responsible for accurately assessing and classifying property in Ontario in compliance 

with the Assessment Act and regulations set by the Government of Ontario. Our assessors are 

trained experts in the field of valuation and apply appraisal industry standards and best 

practices. Every four years, we conduct a province-wide Assessment Update and mail Property 

Assessment Notices to every property owner in Ontario. The most recent Assessment Update 

was in 2016 when we updated the assessed values of every property in Ontario. All properties 

were assessed as of the legislated valuation date of January 1, 2016. These updated values and 

classifications are used by municipalities and taxing authorities to calculate property taxes and 

are in effect for the 2017-2020 tax years. 

When assessing any property, MPAC relies on the real estate market to indicate what 

influence a factor, such as IWTs, may have on a property's value. MPAC does this through 

the ongoing study and analysis of the market including the investigation of sales 

transactions. 

Over the last few years, lWTs have been the subject of a number of reports and studies - both in 

Canada and worldwide. Studies undertaken by academics, real estate and health professionals 

have focused on the potential impacts of IWTs on property value and the health of those residing 

on the property. Given MPAC's legislative mandate, this report studies whether properties 

within five kilometres of an IWT are accurately assessed at their current value, and whether 

those properties are assessed equitably with properties that are further than five kilometres 

from an IWT. 

To date, MPAC has completed three reviews of the impact of IWTs: 2008, 2012 and 2016 base 

year studies. 

2008 Base Year Study 

MPAC undertook a study looking at the impact of IWTs on residential assessments using the 

2008 base year CVAs. The 2008 study concluded that the presence of IWTs that are either 

abutting or in proximity to a property had neither a positive nor negative impact on 

assessed values. 
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2012 Base Year Study 

With much more sales data available, MPAC was able to conduct a more thorough review using 

2012 assessment base year information. The study considered proximity and whether the wind 

turbine was visible (full, partial or not visible at all). A statistically significant difference was found 

between homes within one kilometre of an IWT and those farther away but the difference was 

well within international standards for equity between groups of property. All other tests showed 

equity between property groups. For more information about the 2012 base year review, see the 

introduction section of this report (which includes a link to the full report). 

2016 Base Year Study 

MPAC has continued to monitor the influence of proximity to IWTs over the current values 

of residential properties and has completed an analysis similar in scope to the 2012 Base 

Year Study. 

To conduct this study, MPAC considered 25 market areas with sufficient sales to allow for 

analysis and applied industry standard mass appraisal techniques and internationally accepted 

ratio study standards to current value assessments for these market areas. 

MPAC conducted an assessment-to-sale ratio study to determine whether assessments are 

equitable regardless of whether a property is within close proximity to an IWT. An individual 

assessment-to-sale ratio study is calculated by dividing the assessed value of each property by 

its time adjusted sale price. A ratio study is conducted to first establish the level of appraisal 

for a group of properties and equity is determined by comparing the level of appraisal with 

other groups of properties. If a group of properties is assessed at market value, the median 

assessment-to-sale ratio will lie between 0.90-1.10. By definition, equity is said to exist if the 

difference between the property categories is five per cent or less. This definition follows the 

International Association of Assessing Officers (IAAO) ratio study standards. 

MPAC found that the level of appraisal for properties within one kilometre of an IWT is 1.007. 

The level of appraisal for properties within one to two kilometres of an IWT is 0.995. These 

numbers are within 3.3% and 2.1% of the level of assessment of properties more than five 

kilometres from an IWT (0.974) and are below the 5% noted above. 

Conclusions 

Following its review, MPAC concluded that 2016 Current Value Assessments of properties 

located within proximity of an IWT are assessed at their current value and are equitably 

assessed when compared to the assessments of properties that are not in proximity to IWTs. 
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Therefore, no adjustments are required for 2016 CVAs. This finding is consistent with MPAC's 

2008 and 2012 base year IWT reports. 

In addition to the results shared in this report, MPAC also commissioned an internationally 

recognized expert in the field of mass appraisal and ratio studies to review the report and its 

findings. This expert has confirmed the findings in this report {Appendix A - Independent Review 

of Report - Industrial Wind Turbine Ratio Study - R.J. Gloudemans, November 22, 2016). 
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Introduction 

The topic of wind energy has been front and centre in the minds of many Ontarians, particularly 

those living in rural areas. Much has been written about how industrial wind turbines impact those 

who live in proximity to them. There has been extensive reporting on the numerous aspects of this 

subject, including reports of health effects, the approval process for siting IWTs and the potential 

for property devaluation due to the perceived stigma attached to these developments. 

Several studies, based on both scientific and non-empirical methods, have been completed 

by academics and real estate professionals to determine whether or not the presence of an 

IWT has an effect on the sale price of a property. A study released by the Berkeley National 

Laboratory and prepared for the U.S. Department of Energy1, found minimal impact on 

property values as a result of being in close proximity to IWTs. A study by the University of 

Guelph using Ontario data reached a similar conclusion 2. However, one Ontario case study3 

released in 2013, argues that properties in Ontario in proximity to an IWT are devalued by 

as much as 30 to 35 per cent. 

Also, Health Canada produced a study on the health effects of living near IWTs.
4 

2008 Base Year Study 

MPAC conducted a study using 2008 base year Current Value Assessments, to determine 

whether residential properties located near IWTs were equitably assessed when compared to 

properties at a greater distance. The study was based on very limited sales information as there 

were few IWTs in the province at that time. As a result, it was difficult to draw meaningful 

conclusions with the 2008 study. Based on the available sale information, no adjustment to 

value was required for the 2008 Current Value Assessments. 

2012 Base Year Study 

In response to the growing presence of IWTs in Ontario as well as requests for information from 

stakeholders, MPAC undertook a new study using the 2012 base year CVAs to provide a 

thorough examination of the impact of IWTs on residential property assessment. 

1 Ben Hoen et al, "A Spatial Hedonic Analysis of the Effects of Wind Energy Facilities on Surrounding Property Values in the 
United States", Berkeley National Laboratory, August 2013 
2 Vyn, R. J., and R. M. McCullough. (2014). The effects of wind turbines on property values in Ontario: Does public perception 
match empirical evidence 7 Canadian Journal of Agricultural Economics 62 (3): 365-392. 
3 Ben Lansink, "Case Studies: Diminution/ Change in Price Melancthon and Clear Creek Wind Turbine Analyses, Municipal 
Property Assessment Corporation (MPAC) Current Value Changes," Lansink Appraisals and Consulting, February 2013 
4 http://www. hc-sc .gc.ca/ ewh-semt/noise-bru it/tu rb ine-eoli ennes/ summary-res um e-eng.p hp 
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Specifically, the study sought to examine the following two statements: 

1. Determine if residential properties in close proximity to IWTs are assessed equitably in 

relation to residential properties located at a greater distance. This was referred to as 

Study 1- Equity of Residential Assessments in Proximity to Industrial Wind Turbines. 

2. Determine if sale prices of residential properties are affected by the presence of an IWT 

in close proximity. This was referred to as Study 2- Effect of Industrial Wind Turbines 

on Residential Sale Prices. 

Study 2 was added to the origi na I scope of the review to respond to enquiries M PAC received 

from stakeholders and interested parties. 

To conduct these studies, MPAC considered 15 market areas with sufficient sales to allow for 

analysis and applied industry standard mass appraisal techniques and internationally accepted 

ratio study standards. 

To determine the equity of assessments of properties within close proximity to an IWT, MPAC 

conducted an assessment-to-sale ratio {ASR) study. An individual ASR is calculated by dividing 

the assessed value of each property by its time-adjusted sale price. A ratio study is conducted to 

first establish the level of appraisal for a group of properties and equity is determined by 

comparing the level of appraisal with other groups of properties. If a group of properties is 

assessed at market value, the median ASR will lie between 0.90-1.105
• By definition, equity is 

said to exist if there is 5% or less difference between property categories (or groups of 

properties) as per International Association of Assessing Officers (IAAO) ratio study standards. 

The level of appraisal for properties within one kilometre of an IWT was 1.034. The level of 

appraisal for properties at greater distance (one to two kilometres, two to five kilometres and 

over five kilometres) ranged from 0.989 to 0.992, a 4.2 to 4.5% differential, which is below the 

5% noted above. 

Following its review, MPAC concluded that 2012 CVAs of properties located within proximity of 

an IWT were assessed at their current value and were equitably assessed in relation to homes at 

greater distances from the IWTs. No adjustments were required for 2012 CVAs. This finding is 

consistent with MPAC's 2008 CVA report. 

MPAC's findings also concluded that there was no statistically significant impact on sale prices of 

5 MPAC adopted the IAAO Ratio Study standards for the 2016 assessment update. Therefore, the Target level of Assessment 
(LOA) changed between 2012 and 2016 from 0.95 -1.05 to 0.90-1,10. See International Association of Assessing Officers, 
Standard on Ratio Studies, April 2013, pp. 17-19 
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residential properties in these market areas resulting from proximity to an IWT, when including 

distance to an IWT in its regression analysis for areas with adequate sales. 

In addition to the results shared in this report, MPAC also commissioned an internationally 

recognized expert in the field of mass appraisal and ratio studies to review the report and its 

findings. This expert confirmed MPAC's findings in his report. 

To see the full 2012 base year study click here. 
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Purpose of This Report 

This 2016 base year report has been undertaken to ensure that the assessments on residential 

properties in proximity to IWTs are accurate and equitable. Specifically, the report examines 

whether residential properties in close proximity to IWTs are assessed equitably in relation to 

residential properties located at a greater distance. 
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Legislation 

Sections of the Assessment Act relevant to th is study include the following: 

Section 1 (1): "current value" means, in relation to land, the amount of money the fee simple, if 

unencumbered, would realize if sold at arm's length by a willing seller to a willing buyer; 

("valeur actuelle"). 

Section 19 (1): The assessment of land shall be based on its current value. 

Section 44 (3): For 2009 and subsequent taxation years, in determining the value at which any 

land shall be assessed, the Board shall, 

• determine the current value of the land; and 

• have reference to the value at which similar lands in the vicinity are assessed and adjust 

the assessment of the land to make it equitable with that of similar lands in the vicinity 

if such an adjustment would result in a reduction of the assessment of the land. 2008, 

c. 7,Sched.A,s. 13. 

Under the Assessment Act and associated regulations, (Ontario Regulation 282/98, Section 

42.5), IWTs are valued at a prescribed rate per taxation year (Table 1). The value of the IWT, 

plus the value of the associated land, is placed in the industrial tax class. 

Table 1 - IWT Valuation 

Property Tax Year IWT Value Per MW 

2014 $42,658 

2016 $43,986 

2018 $50,460 

2020 $50,460 
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Valuation of Residential Properties 

To estimate value of residential properties, MPAC applies the direct comparison approach 

through mass appraisals. The direct comparison approach estimates the current value of a 

subject property by comparing it to similar properties and adjusting the result to account for 

differences between the two properties. Mass appraisal uses standardized processes and common 

data to allow for the valuation of a group of properties and the statistical testing of the results. 

For more information on how residential properties are assessed, go to mpac.ca. 

Multiple Regression Analysis 

MPAC uses industry standard computer-assisted mass appraisal techniques to apply the direct 

comparison approach to value through a statistical tool known as multiple regression analysis. 

Regression analysis is a statistical technique used to analyze data in order to predict the value of 

one variable, such as market value, based on known data (e.g., living area, lot size, quality, 

location, etc.). If only one variable is used, such as living area, the procedure is called simple 

regression analysis. When two or more variables are used in the analysis, the procedure is 

called multiple regression analysis. 

Multiple regression analysis estimates the value of one variable (i.e., the dependent variable) based 

on the information from the available data {i.e., the independent variables). Assessing authorities, 

such as MPAC, develop an equation that estimates current value based on the sale prices and 

property characteristics of sold properties. The equation, or valuation model, provides the best 

estimate of current value in statistical terms since it reduces the overall error between sale price 

and predicted value (estimated current value) to the lowest possible amount in dollar terms. 

Market Areas 

In Ontario, MPAC has approximately 130 residential market areas. Market areas are geographic 

areas subject to the same economic influences. One valuation model is built for each market area. 

A market area could be a section of a large city, like Toronto, a medium sized city like Niagara Falls 

or a cluster of smaller towns. Also, it could be the rural residential properties within a county or a 

group of lakes in a recreational waterfront area such as Muskoka or Kawartha Lakes. 

l<ey Factors Affecting Value 

Approximately 85% of the current value of a property can be attributed to the following five 

property characteristics: location, building area, construction quality, lot size and age of the 

home adjusted for renovations and additions. Other features that may be adjusted for include; 
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water frontage, building amenities (e.g., basement area, basement finish, bathrooms, fireplaces, 

heating, air conditioning), secondary structures (e.g., garages, in-ground pools), site features 

(e.g., abutting green space, abutting a ravine, abutting a commercial property, topography, 

corner lot, traffic pattern). Value influences differ across the province and therefore will not have the 

same impact on every market model. 

Legislated Valuation Date 

All estimates of current value represent market conditions as of January 1, 2016, which is the 

legislated valuation date for the 2017-2020 property tax years. As a result, part of MPAC's 

analysis is to determine the amount of inflation or deflation in each market area and adjust sale 

prices for time in relation to the legislated valuation date. 

Assessment-to-Sale Ratio Study 

Once each valuation model has been developed, it is tested to ensure it is producing accurate and 

uniform estimates of value using a sale ratio study, which compares value estimates to actual sale 

prices. This study ensures that the overall level of assessment for the market area is within 

international standards for accuracy and uniformity. The second aspect of the ratio study is to 

ensure that equity has been achieved across all major property characteristics. 

Application of Valuation Model 

Once the statistical testing has been completed and the valuation model for each market area 

has been deemed appropriate, it is applied to all the applicable properties in the market area 

and qualified valuation staff commence individual value review. The purpose of this exercise is 

to reconcile the value estimates to ensure that an accurate and equitable assessment has been 

placed on each property. These efforts tend to focus on areas with few sales and properties 

with features that cannot be captured within mass appraisal models. This review work 

continues up until the Assessment Roll is provided to each municipality and will include sales 

before and after the valuation date. 
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Industrial Wind Turbines 

2016 Base Year Analysis 

Between 2008 and 2016, Ontario has seen a proliferation of wind turbine projects with 

the introduction of the Green Energy Act in 2009 and the Feed-in-Tariff (FIT) program. This 

has resulted in a large set of available sales data for properties in proximity to these 

projects. 

For the purposes of the 2016 base year study, MPAC has adopted a definition of an IWT to 

be one with a capacity of at least 1.5 megawatts. MPAC analyzed sales located within five 

kilometres of any IWT with this generating capacity. This is consistent with the definition 

currently being used by Health Canada 6 and was used for the 2008 and 2012 MPAC 

studies. 

Data Collection 

To ensure MPAC's inventory of IWTs was as complete as possible, MPAC obtained NAV 

Canada's entire flight obstacle inventory, which included the geographic coordinates of 

every self-reported IWT in Ontario. NAV Canada's inventory is subject to voluntary 

reporting compliance and thus does not include every !WT/flight obstacle. Any IWTs 

identified by NAV Canada that had not yet been field inspected by MPAC, were inspected by 

local staff and all relevant data was keyed into M PAC's database. Any IWTs identified in 

MPAC's database that were not included on NAV Canada's database were either inspected 

by local MPAC staff and the geographic coordinates were collected, or determined through 

the use of satellite digital imagery. To track the inventory, MPAC assigns a structure code of 

567 to represent IWTs. 

To ensure the database inventory was accurate, MPAC staff then conducted quality checks of all 

IWT data, including its generating capacity and geographic coordinates to ensure accuracy (e.g., 

co-ordinates not placing the IWTs on the correct property). Of the 2,321 IWTs in MPAC's 

database after this exercise, 48 were removed for having a capacity below 1.5 MW and two 

were removed for other reasons, leaving 2,271 IWTs for review. The distribution across MPAC's 

market areas is as follows: 

6 http://www.hc-sc.gc.ca/ ewh-semt/ consult/ _2013/wind_ turb in e-eol ienne s/ co mm ents _partl-co mm e nta ires _pa rtiel­
e ng. php#a 16 
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Table 2 - Count of IWTs by MPAC Region 

MPAC Region 

05 - Kingston 

20 - Brantford 

23 - London 

25-0wen 
Sound 

27 -Windsor 

31- Sault Ste. 
Marie 

Overall 

Region Description 

Frontenac County, Lennox & Addington County 

Brantford City, Brant, Haldimand and Norfolk 
Counties 

Elgin, Middlesex & Oxford Counties 

Grey & Bruce Counties 

Windsor/Essex 

Territorial District of Algoma 

©Municipal Property Assessment Corporation 

IWT Count Property 
Count 

91 68 

234 192 

137 123 

280 222 

173 148 

162 46 

2,271 1,762 
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As some properties had more than one lWT erected on them, the property count does not 

match the count of IWTs. 

Virtually all lWTs are erected on vacant lots or farm properties, with almost 95% located on 

farms and most of the remainder on vacant lots. 

The year of construction of IWTs in the database ranges from 2002 to 2016, with a breakdown 

as follows: 

Table 3 - Typical Physical Characteristics of IWTs Across Ontario 

MPAC 
Region 

05 -
Kingston 

20 -
Brantford 

23 -
London 

25-0wen 
Sound 

Median Vear 
of 
Construction 

2008 

2013 

2014 

2008 

Earliest Vear 
of 
Construction 

2008 

2007 

2006 

2002 

Latest Vear 
of 
Construction 

2014 

2014 

2015 

2015 
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Median 
Generating 
Capacity 

2.30 

2.20 

1.62 

1.80 

Minimum 
Generating 
Capacity 

1.65 

1.50 

1.50 

1.60 

Maximum 
Generating 
Capacity 

2.30 

2.30 

2.22 

2.30 
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27-
Windsor 

31-Sault 
Ste. Marie 

Overall 

2010 

2006 

2012 

2010 2013 

2006 2015 

2002 2016 

2.30 1.65 2.30 

1.50 1.50 1.62 

1.80 1.50 3.00 

The following map shows the locations of the IWTs used in the analysis. 

Figure 1 
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Equity of Residential Assessments in Proximity to Industrial Wind Turbines 

For this study, MPAC analyzed open market sales of improved residential properties from 

January 2012 through October 2016 in the market areas surrounding IWTs. A market area is 

defined as a geographic area, usually contiguous, subject to the same economic influences, 

where properties tend to increase or decrease in value together. Improved residential 

properties would include single detached houses, semi-detached houses, townhouses, and 

multiplex properties with up to six self-contained units. Farms, commercial and industrial 

properties were not included in this analysis. 

Comparison to the 2012 Base Vear Study 

This study is similar to the one conducted for the 2012 base year. To provide clarity to readers 

who are familiar with the 2012 study, a summary of similarities and differences is provided 

below. 

Similarities 

The methodology is the same. Both reports contain a sale ratio study which compares the 

median level of assessment between different groups of properties. The details of the sale 

ratio study are provided below. The number of sales in proximity to an IWT has increased due 

to the increase in IWT construction over the past four years (1157 in 2012 vs. 2271 in 2016). 

IWTs with a capacity less than 1.SMW have been removed when measuring distance to an IWT: 

28 were removed in 2012 vs. 48 in 2016 (note one IWT was removed in 2016 that was situated 

on a nuclear power plant property). 

Differences 

For the 2012 study distance from an IWT to a property was measured from the corner of the 

dwelling to the closest IWT. For 2016, distance was measured from the property boundary 

nearest the IWT. It was found to be too time-consuming to collect data from the corner of the 

dwelling as this required a field inspection to obtain the coordinates for the corner of the 

dwelling, and would require field visits as new IWTs are constructed in the future. As mapping 

information becomes more sophisticated, MPAC will look for ways to collect this information 

electronically. 

In 2012, MPAC collected data on how much of an IWT was in view (full, partial or none) for all 

residences within two kilometres of an IWT. This data was not collected for 2016 because it 

didn't impact the assessment in 2012 and this data was too time-consuming to collect. It 
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required a physical inspection and photos taken at each property whenever a new IWT was 

constructed and required significant resources to keep the database up to date. MPAC will 

look to published research and studies and if an efficient method surfaces, we will consider 

implementing it. 

A new measure for the 2016 study is the concentration of IWTs around residential properties. 

This was measured using Geographical Information Systems (GIS) to determine the number of 

IWTs within the distance grouping for each sale (i.e. number of IWTs within one kilometre, two 

kilometres or five kilometres of a sale). This allows MPAC to test if the number of IWTs in 

proximity to a residence affects the level of assessment. 

2016 Base Year Study 

Sales 

For this study, sales in proximity to IWTs were found in 25 market areas. 

Table 4 - MPAC Market Area Descriptions 

Market Area MPAC Region 

OSRR030 05 - Kingston 

18RR010 18 - St. Catharines 

19RR010 19-Hamilton 

22RR010 22 - Kitchener 

Description 

Napa nee, Loyalist Township, Frontenac/Lennox & 
Addington Counties South Rural/Waterfront 

Niagara Rural 

Hamilton Rural 

Dufferin & Wellington Counties - Rural 
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22UR030 

23UR030 

25RR010 

26RR010 

26UR010 

27UR070 

31RR010 

45WF050 

22 - Kitchener 

23 - London 

25 - Owen Sound 

26-Chatham 

26-Chatham 

27 -Windsor 

31- Sault Ste Marie 

24 - Goderich 

25 - Owen Sound 

26 - Chatham 

Wellington County Villages 

Towns ofTillsonburg, Ingersoll, Woodstock, 
Aylmer, St. Thomas and Strathroy 

Grey & Bruce Counties - Rural and Inland Lakes 

Chatham-Kent - Ru ral/Wallaceburg 

City of Chatham 

Lasalle, Tecumseh, Lakeshore Urban & Essex 

Urban 

District of Algoma 

Lake Huron 
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Adjustments for being in proximity to IWTs were not included when establishing CV As for the 

2008, 2012 or 2016 base years in any of these market areas. 

Sales Filters 

To account for typical minimum sale amounts, any sale below $10,000 was removed in 

Southwestern or Eastern Ontario, and any sale below $5,000 was removed in Northern Ontario. 

Any sale of a property on which an IWT sits was removed from analysis to avoid the potential 

influence that the income stream associated with such properties may exert. As concerns 

about noise and vibration have been raised by IWT opponents, sales of vacant land were 

removed (i.e. only properties with a residence were included). There were two market areas 

with five or fewer sales and these were excluded from the analysis (Goderich urban area and 

Kingston urban area). Sales that were not open market transactions or suspected to not be 

arms-length open market transactions were removed from the analysis. Finally, those with 

extreme ratios of CVA to sale price as defined by the International Association of Assessing 

Officers (IAAO) Standard on Ratio Studies7 were also removed from analysis. 

Assessment-to-Sale Ratio Study 

To establish the level of assessment and test for equity, MPAC conducts an assessment-to-sale 

ratio study. The assessment-to-sale ratio study is determined for each sold property by dividing 

the assessed value by its sate price or time adjusted sale price. 

International standards state that a group of properties is assessed at current value if the level 

of assessment lies between 0.90 -1.10. The preferred measurement of the level of assessment 

is the median ASR for the group of properties being studied.8 

The level of assessment (LoA) for different categories of properties can be compared against 

one another to ensure that they align and if so, the properties between each group are said 

to be equitably assessed. Groups of properties would be said to be inequitably assessed if 

there was a statistically significant difference between their respective levels of assessment 

(at least 5%). 

Median ASRs and their 95% confidence intervals were calculated for groups of distance variables. 

The median always divides the data into two equal parts and is less affected by extreme ratios 

than other measures of central tendency. Because of these characteristics, the median is 

generally the preferred measure of central tendency and is used to determine LoA in this report. 

7 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, pp. 53-54 
8 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, pp. 13 
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When the calculated median is based on sample data, the result is called a point estimate, 

which is accurate for the sample but is only one indicator of the level of assessment in the 

population. Confidence intervals around the point estimate provide indicators of the reliability 

of the sample statistics as predictors of the overall level of appraisal of the population. Note 

that noncompliance with appraisal level standards cannot be determined without the use of 

confidence intervals or hypothesis tests9. A confidence interval consists of two numbers 

{upper and lower limits) that bracket a calculated measure of central tendency for the sample; 

there is a specified degree of confidence that the calculated upper and lower limits bracket the 

true measure of central tendency for the population. 

MPAC looked at three different data elements in determining if equity exists: 

1. Abutting a property with an IWT 

2. Distance to closest IWT 

3. Number of IWTs within each distance range 

1. Abutting a Property wnh an /WT 

Table 5 - Abutting an IWT Sale Ratio Study 

Assessment 
Update Year 

Sales 
Count 

LoA 
95% 
LCL 

95% 
UCL 

Target 

LoA10 

LoA 
within 

Target 

LoA 

2016 166 0.997 0.970 1.025 0.90-1.10 Yes 

Confidence 

Intervals 

Overlap Target 

LoA 

Yes 

Corrective 

Action 
Required 

No 

There are 166 sales of properties that abut an IWT. The level of assessment is 0.997. There is no 

inequity with regard to properties that abut an IWT. 

2. Distance to Closest /WT 

A breakdown of the 110,338 sales used in the analysis, by distance, follows: 

9 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, p. 13 
10 MPAC adopted the IAAO Ratio Study standards forthe 2016 assessment update, hence why the Target Level of Assessment 
(LOA) changed between 2012 and 2016 
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Table 6 - Distance Grouping by Market Area 

Market Area MPAC Region < 1 km 1-2 km 2-5 km >Skm Total 

05RR030 05 - Kingston 30 13 335 3,748 4,126 

18RR010 18 - St. Catharines 11 45 95 2,262 2,413 

19RR010 19 - Hamilton 0 8 38 1,742 1,788 

22RR010 22 - Kitchener 83 67 217 2,570 2,937 

22UR030 22 - Kitchener 0 135 38 3,610 3,783 

23UR030 23 - London 0 0 353 9,567 9,920 

25RR010 25 - Owen Sound 32 37 250 3,473 3,792 

26RR010 26-Chatham 298 920 1,109 847 3,174 

26UR010 26- Chatham 0 0 559 2,125 2,684 
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27UR070 

31RR010 

45WFOSO 

TOTAL 

27 - Windsor 4 

31- Sault Ste Marie 0 

24 - Goderich 0 
25 - Owen Sound 
26-Chatham 

984 

Refer to Table 1 for market area descriptions. 

265 

7 

2 

2,691 

250 4,762 5,281 

25 2,527 2,559 

596 1,162 1,760 

8,751 97,912 110,338 

Comparing the median assessed value to the median time adjusted sale amount by the distance 

categories shows that the figures are very similar. Consider Figure 2 below. To make this 

comparison, one must consider the height of the blue and green bars for each of the distance 

groupings. Similar heights indicate that the median sale price (adjusted to January 1, 2016) and 

the median assessed value are similar. Comparisons between the different distance groupings 

should not be made because this chart does not control for differences in the housing stock of 

each grouping. These differences could be physical (building size or age) or differences due to 

location (e.g., homes further than 5km from an IWT being closer to urban centers). The results 

for all sales are provided in Figure 2. 
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Figure 2 - Comparison of CVA and Time Adjusted Sale Price by Distance Groupings 

Median CVA and Sale Amount by Distance from IWT 
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Appendix B- Current Value Assessment and Sale Amount Bar Charts contains a similar bar chart 

for each market area. 

The following tables compare the 2012 results to the 2016 results. 

2. Distance to Closest IWT All Sales 

2012 Assessment Update 

Table 7 - Distance Grouping Sale Ratio Study 2012 Current Value Assessment 

Distance 
Grouping 

1 km to 
2km 

Sales 
Count 

989 

LoA 
95% 
LCL 

95% 
UCL 

Target LoA 
LoAwithin 
Target LoA 

0.989 0.979 1.000 0.95 - 1.05 Yes 
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Target LoA 
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Action 
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Outside 
5km 

37,093 0.992 0.991 0.993 0.95 - 1.05 Yes Yes 

2016 Assessment Update 

Table 8- Distance Grouping Sale Ratio Study 2016 Current Value Assessment 

Distance 
Grouping 

1 km to 
2km 

Outside 
5km 

Sales 

Count 
LoA 

95% 

LCL 

95% 

UCL 
Target LoA 

Confidence 

LoA within Intervals 

Target LoA Overlap 
Target LoA 

2,691 0.995 0.989 1.003 0.90 -1.10 Yes Yes 

97,912 0.974 0.973 0.974 0.90-1.10 Yes Yes 

No 

Corrective 
Action 
Required 

No 

No 

The level of appraisal for properties within one kilometre of an IWT has fallen while it has 

increased slightly for properties with IWTs one to two kilometres away. The difference between 

both groups and properties outside five kilometres of an IWT is statistically significant (the 

confidence intervals don't overlap}. The difference between sales within one kilometre and 

sales outside five kilometres is 3.3% (the confidence intervals are 1.9% apart). The difference 

between sales one to two kilometres from an IWT and outside five kilometres is 2.1% {the 

confidence intervals are 1.5% apart). Both these differences are well within IAAO standards for 

equity between groups of properties. 

Appendix c- Distance Grouping 2016 Sale Ratio Study by Market Area contains assessment-to­

sale ratio data for each Market Area. 

©Municipal Property Assessment Corporation 28 

002667



Distance to Closest /WT - Rural Properties Only 

2012 Assessment Update 

Table 9 - Distance Groupings - Rural Market Sale Ratio Study 2012 Current Value Assessment 

Distance 
Grouping 

Sales 
Count 

95% 
LCL 

95% 
UCL 

Confidence Corrective 
LoA within Intervals 
Target LoA Overlap 

1 km to 
2km 

Outside 
5km 

LoA Target LoA 

715 0.996 0.982 1.008 0.95 -1.05 Yes 

23,135 0.995 0.993 0.997 0.95 - 1.05 Yes 

2016 Assessment Update 

Target LoA 

Yes 

Yes 

Action 
Required 

No 

No 

Table 10 - Distance Grouping - Rural Market Sale Ratio Study 2016 Current Value Assessment 

Distance 
Grouping 

1 km to 
2km 

Outside 
5km 

Sales 
Count 

LoA 95% 
LCL 

95% 
UCL 

Target 

LoA 

LoA 
Confidence 

Intervals 
Within Overlap 
Target LoA Target LoA 

2,235 0.999 0.992 1.007 0.90-1.10 Yes Yes 

61,741 0.976 0.974 0.977 0.90 -1.10 Yes Yes 

©Municipal Property Assessment Corporation 

Corrective 
Action 
Required 

No 

No 

29 

002668



The 2016 results for rural properties are similar to the results using all sales. The statistics are 

virtually unchanged. 

3. Number of IWTs within each Distance Range 

For the 2016 study, MPAC examined how the level of assessment changed when the number of 

IWTs within each grouping changed to determine whether the concentration of IWTs around a 

residence impacts the level of assessment. The results are provided below. 

Table 11- Number of IWTs within 1 km Sale Ratio Study 2016 Current Value Assessment 

Confidence 
Corrective 

IWT Sales 95% 95% Target LoAwithin Intervals 
LoA Action 

Count Count LCL UCL LoA Target LoA Overlap 

Target LoA 
Required 

4-6 IWTs 80 1.022 0.990 1.053 0.90 -1.10 Yes Yes No 

OVERALL 984 1.007 0.993 1.019 0.90-1.10 Yes Yes No 

The level of assessment is fairly consistent within one kilometre of an IWT. For properties with 

four to six IWTs within one kilometre, the ASR is 1.022. There are 80 sales in this grouping. 

a. Number of IWTs within one to two kilometres of a Residence (properties within one 

kilometre of an IWT filtered) 

Table 12 - Number of IWTs within 1 km to 2 km Range Sale Ratio Study 2016 Current Value 

Assessment 

Sales 
IWT Count count LoA 

95% 
LCL 

95% 
UCL 

Target LoA 
LoA within 
Target LoA 

Confidence 
Intervals 
Overlap 
Target LoA 

Corrective 
Action 
Required 

4-6 IWTs 

10-15 
IWTs 

529 

39 

0.983 0.968 1.011 

0.971 0.937 1.057 

©Municipal Property Assessment Corporation 
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21-30 
IWTs 

3 1.172 N/A N/A 0.90-1.10 Yes Yes No 

Any properties with IWTs within one kilometer are filtered for this table. There appears to be 

no pattern for properties that have IWTs within one to two kilometres. The median for 

properties with seven to nine IWTs is 1.020 but the lower confident limit is 0.957. There are a 

very small number of observations beyond 15 IWTs which has resulted in median levels of 

assessment diverging from 1.00. There are too few sales to calculate confidence intervals for 

these two groups of turbine counts. 

b. Number of IWTs within two to five kilometres of a Residence (properties within two 

kilometres of an IWT filtered) 

Table 13 - Number of IWTs within 2 km to 5 km Sale Ratio Study 2016 Current Value 

Assessment 

IWT 
Count 

Sales 
Count 

LoA 
95% 
LCL 

95% 
UCL 

Target LoA 

LoA 
Confidence 
Intervals 

Within overlap 
Target LoA Target LoA 

Corrective 
Action 
Required 

4-6 IWTs 

10-15 
IWTs 

21-30 
IWTs 

2,264 

1,795 

145 

0.975 0.969 

0.976 0.969 

0.992 0.961 

0.980 0.90-1.10 Yes Yes No 

0.983 0.90 -1.10 Yes Yes No 

1.040 0.90-1.10 Yes Yes No 

11 "When the sample size is five or fewer, the 95 percent confidence interval is nonexistent. When there are six to eight ratios, 
the lower and upper 95 percent confidence limits equal the lowest and highest ratios in the sample, and caution is advised." 
Gloudemans, Robert and Richard Almy, Fundamentals of Mass Appraisal, International Association of Assessing Officers, Kansas 

City, Missouri, 2011, p. 366. 
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41+ IWTs 16 1.034 0.982 1.103 0.90 -1.10 Yes Yes No 

Any properties with lWTs within two kilometres are filtered for this table. The median for 

properties with more than 40 IWTs within five kilometres is 1.034 with 16 observations. All the 

lower confidence intervals are below 1.00. 

c. Properties more than five kilometres from an IWT (Control Group) 

Table 14 - Sale Ratio Study for Properties with no IWTs within 5km (Control Group) 2016 

Current Value Assessment 

IWT 

Count 

Sales 
Count 

LoA 
95% 
LCL 

95% 
UCL 

Target 

LoA 

LoA 
Confidence 
Intervals 

Within 
Overlap 

Target LoA Target LoA 

Corrective 

Action 
Required 

These are the properties with no IWTs within five kilometres. They are being shown for 

comparison purposes. 

Appendix D -Number of IWTs by Distance Grouping 2016 Sale Ratio Study by Market Area 

contains assessment-to-sale ratio data for each market area. 
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County Results 

The statistics below were run at the county level to determine whether there were any patterns 

across the province. Overall, the results were very consistent with two exceptions: rural areas of 

Huron and Perth Counties and Grey and Bruce Counties. For properties in Huron/Perth within one 

kilometre of one or more IWTs the median sale ratio was low at 0.844. For properties in 

Grey/Bruce within one kilometre of one or more IWTs the median was high at 1.03. This was 

consistent regardless of the number of IWTs in both cases. Given the dose geographical proximity 

of these counties, the results seem unusual and will require further review. 

Table 15 - Sale Ratio Study for Properties within 1 km of IWTs - Regions 24 and 25 2016 

Current Value Assessment 

Sales 

Count 

95% 
LCL 

95% 

UCL 

LoA 

within 

Confidence 
Corrective 

Intervals 
County LoA Action Target LoA 

Target Overlap 
Required 

LoA Target LoA 

Grey/ Bruce 32 1.030 0.929 1.081 0.90 -1.10 Yes Yes No 
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Figure 3 - Location of Sales Used in the Analysis (Red within 5 km of an IWT, Green outside 5 

km of an IWT} 

Locatlon of Sales Across Ontario 
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Section 9.2.1 of the International Association of Assessing Officers (IAAO) Standard on Ratio 

Studies states: 

"The level of appraisal of each stratum (class, neighborhood, age group, market areas, and the 
like) should be within 5 percent of the overall level of appraisal of the jurisdiction. For example, if 
the overall level of appraisal of the jurisdiction is 1. 00, but the appraisal level for residential 
property is 0.93 and the appraisal level for commercial property is 1.06, the jurisdiction is not in 
compliance with this requirement. This test should be applied only to strata subject to compliance 
testing. It can be concluded that this standard has been met if 95 percent (two-tailed) confidence 
intervals about the chosen measures of central tendency for each of the strata fall within 5 
percent of the overall level of appraisal calculated for the jurisdiction. Using the above example, if 
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the upper confidence limit for the level of residential property is 0.97 and the lower confidence 

limit for commercial property is 1.01, the two strata are within the acceptable range." 

Sales within one kilometre of an IWT showed a level of appraisal that was higher than the 

median assessment-to-sale ratio of sales further away (median assessment-to-sale ratio of 

1.007). The lower confidence level of sales within one kilometre of an IWT is 0.993. This is well 

within 5% of the overall level of appraisal (0.993-0.974 = 1.9%). Sales within one to two 

kilometres of an IWT showed a level of appraisal that was also higher than the median 

assessment-to-sale ratio of sales further away (median assessment-to-sale ratio of 0.995). The 

lower confidence level of sales within one to two kilometres of an IWT is 0.989. This is also well 

within 5% of the overall level of appraisal (0.989 - 0.974 = 1.5%}. So, although sales within two 

kilometres of an IWT do have a level of assessment above the overall level, the difference is not 

great enough to require value adjustment according to IAAO guidelines. These findings are 

illustrated in the following box plot. 

Figure 4 - Assessment-to-Sale Ratio by Distance Grouping 
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The dark line within each box represents the median ASR. The lower and upper ends of the box 

represent the 251
h and 75th percentiles, respectively. This box plot illustrates that the median 

assessment-to-sale ratio for sales within one kilometre of an IWT is slightly higher than the other 

groups, but the boxes for all the groups overlap. 

In the IAAO Standard on ratio studies from 201312
, an equity decision-making matrix is provided 

to allow a jurisdiction to determine if equity exists between groups of properties. This matrix 

has been populated for the two scenarios described above. The performance standard range is 

0.90 to 1.10. Note that if the point estimate is outside of the performance standard range but 

the confidence interval does overlap the range, action is not required. 

Table 16 - Decision Making Matrix 

Scenario 

1 km - 2 km 
to an IWT 

Confidence 
Point Estimate Interval (Cl) 

Width 

0.995 0.989 to 1.003 

Cl Overlaps 

Performance 
Standard Range 

Yes 

Point Estimate 
in 
Performance 
Standard 
Range 

Yes 

Action 
Required 

No 

Therefore, based on the results of this analysis, there is no inequity with regards to distance to 

the nearest IWT. 

This finding is consistent with MPAC's 2008 and 2012 studies. 

MPAC's findings are also consistent with a third party review of this study conduct by Robert J. 

Gloudemans. Mr. Gloudemans is an independent internationally-recognized mass appraisal 

consultant. MPAC provided Mr. Gloudemans with a dataset of all sales less than five kilometres 

from the nearest IWT to conduct his analysis. Mr. Gloudemans' report is included as Appendix A 

- Independent Review of Report - Industrial Wind Turbine Ratio Study - R.J. Gloudemans, 

November 22, 2016. 

11 International Association of Assessing Officers, Standard on Ratio Studies, April 2013, p. 35 
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Glossary of Terms 

assessment roll -An annual listing provided to each taxing authority in the Province of Ontario 

containing, among other things, the current value and tax classification of each property within 

the jurisdiction. 

assessmentwtowsale ratio (ASR) - The ratio obtained by dividing the assessed value of a property 

by the time-adjusted sale price of a property. 

base year -The year that an estimate of a property's value is based on. 

Current Value Assessment (CVA) - The estimated value of a property based on a specific date. 

direct comparison approach (also known as Sales Comparison Approach)-An approach to 

valuing a property that estimates the current value of a subject property by adjusting the sale 

price of comparable properties for differences between the comparable properties and the 

subject property. 

industrial wind turbine (IWT) -A wind turbine used to generate at least 1.5 MW of electricity. 

geographic coordinates-A set of two numbers that reference the latitude and longitude of a 

point on the Earth. 

market area -A market area is defined as a geographic area, usually contiguous, subject to the 

same economic influences, where properties tend to increase or decrease in value together. 

market model- Geographic areas subject to the same economic influences. 

mass appraisal - The valuation of a group of properties as of a given date using standardized 

processes, employing common data, and allowing for statistical testing. 

median - The median of a group of numbers is the middle number after they have been sorted 

from lowest to highest. If you have an odd number of cases, the median is the middle value. If 

you have an even number of cases, the median is the value midway between the two middle 

values. The median, in comparison to the mean, is less sensitive to extreme values. 

megawatt (MW) -A unit of measure in energy generation or consumption. 

Municipal Property Assessment Corporation (MPAC}-A body responsible for determining the 

correct market value and tax classification for all properties in the Province of Ontario, based on 

current value assessment. 
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regression analysis -A statistical technique used to analyze data in order to predict the value of 

one variable, such as market value, based on known data (e.g., living area, lot size, quality, 

location, etc.). 

For more information about MPAC and how MPAC assesses properties, visit mpac.ca. 
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Executive Summary

This study assesses of the effect that onshore wind turbines have on nearby property values in 

Rhode Island. The state of Rhode Island established the RIWINDS program in 2006 to promote 

the development of wind energy in the state, with the goal of meeting 15% of the state's 

electrical consumption with wind energy. Yet progress towards that goal has been slow.  Wind 

energy proposals commonly meet with strong opposition despite widespread public support for 

wind energy in the abstract, and a major source of opposition that is commonly articulated is a 

concern that wind turbines may adversely affect property values.  As a consequence, it is 

important to assess the extent to which wind turbines affect transaction prices of nearby 

properties.

Methodology 

The study estimates the effect of wind towers on property prices using the Hedonic Price 

technique.  The Hedonic method is a statistical approach that uses extensive data on property 

transactions to identify the extent to which transaction prices are affected by various 

characteristics of the properties and their surroundings. Characteristics of the property include 

such factors as the size of the house, size of the lot, number of bedrooms, number of bathrooms, 

among other characteristics of the property.  Neighborhood characteristics might include factors 

such as ocean views, crime rates, nearby industrial developments, among others. The key factor 

for purposes of this study is the effect, if any, that nearby wind turbines have on property prices.  

This study uses data from 48,554 single-family, owner-occupied housing transactions within five 

miles of turbine sites in Rhode Island over the time period from January 2000 to February 2013. 

Of these transactions, 3,254 are for properties that are within one mile of the wind turbine, and it 

is these observations that are critical for estimating the impacts. If wind turbines have an adverse 

impact on property transaction prices, then we should find that transactions for properties that are 

located closer to the wind turbine (e.g., within ½ mile) should sell for systematically lower prices 

than those located further from the wind turbine (e.g., 3 to 5 miles), after controlling for other 

characteristics of the various properties and their surroundings.  
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In addition to distance to the wind tower, we also consider other factors related to the wind 

turbine that could influence effects on property values.  First, one might expect a larger wind 

turbine to have a greater effect on values of nearby properties than would a smaller wind tower, 

all else equal.  Second, some properties may be located near a wind turbine, but potential effects 

might be mitigated because the view and/or the sound from the wind turbine might be blocked, 

in whole or in part, by topography or other obstructions, such as trees or large buildings.  Third, 

one might expect that a wind turbine might have a larger impact on property values in a location 

that is otherwise pristine, as compared to a location that is already highly industrialized prior to 

construction of the wind turbine.  We carry out analyses of these factors by augmenting our 

housing price sales data with information on size of wind towers, GIS data on the land use 

categories in the surroundings and site visits to 1,354 properties located closest to wind turbines. 

We estimate the effects of wind towers considering three periods: transactions that occurred prior 

to any consideration of the wind tower at a particular site, transactions occurring after public 

announcement but before construction begins, and transactions occurring after construction.  We 

employ a difference-in-differences approach, which compares before-and-after price differentials 

for properties near wind turbines with price differentials for other properties in the same time

period and in the same general area, but that are located further away from a wind turbine. The 

advantage of this approach is it corrects for events in housing markets that have no connection to 

the wind turbine, but that occurred in the same time period.  For example, housing prices might 

be generally be increasing over the time period in question, or prices might be declining, as 

during the crash in housing prices that occurred starting in 2006. These factors are general trends 

that vary over time, but will have the same effect on transactions prices for houses close a wind 

turbine and houses in the same general area but are further from the wind turbine.  As a 

consequence, the difference-in-differences approach corrects for these kinds of unrelated factors 

whose timing may just have happened to coincide with construction of the wind turbine.   

Results and Conclusions 

Across a wide variety of specifications, the results indicate that wind turbines have no 

statistically significant impact on house prices. For houses within a half mile of a turbine, the 

point estimate of price change for properties within ½ mile relative to properties 3-5 miles away 
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is -0.2%. So our best estimate is wind towers have no virtually effect on prices of nearby 

properties.  

But by the very nature of any statistical analysis, exact measures of price changes are not 

constructed.  Rather, statistical analyses are based on “confidence intervals”, where the analyst 

might conclude they are 90% sure that any effect on housing prices would fall within some 

particular range.  Our principle finding is that the best estimate is that there is no price effect, and 

we can say with 90% level of confidence if there is a price effect, it is roughly 5.2% or less.  

Thus, while we cannot conclude for sure that there is no effect on housing prices, there is no 

statistical evidence of a large, adverse effect.  

One challenge in estimating the effects of wind turbines on housing prices is that most wind 

turbines were built within the past few years, and there are relatively few property sales in the

immediate vicinity of wind turbines (or for that matter, at other specific locations) in such a short 

time period.  We expect that the precision of estimates will increase over time, as more 

transactions occur.  Hence, we recommend that that the analysis be repeated in a few years when 

a more robust data set with additional property transactions become available.
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1. Introduction

Society is highly dependent on high polluting and nonrenewable fossil fuels that 

constitute roughly 80% our energy supplies. There is increasing recognition that we need to 

develop new low polluting renewable energy sources, and wind power is among the most

promising technologies. As of December 2012, there are over 200,000 wind towers around the 

world with combined nameplate capacity of nearly 300 GW, and wind energy is among the 

fastest growing energy sources (Global Wind Energy Council 2013). 

Public opinion polls commonly find a strong majority of respondents indicating support 

for wind power in general, with up to 90% of respondents voicing support for wind energy (e.g., 

Firestone and Kempton 2007, Mulvaney et al. 2013). Despite the stated preference for wind 

energy in the abstract, proposed wind energy projects frequently meet with fervent opposition by 

the local community. Numerous reasons have been given for opposition to wind turbines, 

ranging from adverse effects on birds, bats and other wildlife, aesthetic effects by compromising 

views, annoyance and potentially even health problems related to noise and shadow flicker, and a 

general industrialization of the landscape. One of the most common concerns voiced by nearby 

residents is the potential impact of wind towers on property values (Hoen et al. 2011).  

Property values are an important issue in and of themselves, but also reflect an 

accumulation of preferences for the suite of impacts caused by turbines. For example, if wind 

turbines created adverse effects due to noise, visual disamenities or other nuisance effects, 

nearby property values would likely reflect these effects. Further, hedonic valuation theory 

(reviewed in Section 2) suggests that property values should decrease enough such that 

homeowners are indifferent between living near a turbine or paying more to live far away. 

Importantly, this disparity in house values can quantify the cost to nearby residents to be used in 

cost-benefit analysis of wind energy expansion. 

This paper examines the effect of wind turbines on property values in Rhode Island. 

While Rhode Island is the smallest state in U.S., it is the second most densely populated. Given 

this and the fact that 12 turbines have been erected at 10 sites in the past seven years, Rhode 

Island offers an excellent setting to examine homeowner preferences for wind turbines because 

there are so many observations on property transactions. We construct a data set of 48,554 

single-family, owner-occupied transactions within five miles of a turbine site over the time range 
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January 2000 to February 2013. Furthermore, 3,254 of these transactions occur within one mile, 

and it is these observations that are critical for understanding the impacts. 

Beyond sample size, Rhode Island is an excellent case study because turbine 

development is plausibly exogenous to changes in house prices, unlike many other settings. In 

Rhode Island, the wind turbines have been sited and built by the state government or private 

parties, often with opposition from nearby homeowners (Faulkner 2013). Thus, the possibility 

that a community collectively decides to build a turbine and such a community may have 

different house price dynamics is not an issue here. In addition, these are not large-scale wind 

farm developments and there is no major wind industry so-to-speak, so there is essentially no 

local economic impact through job creation or lease payments to property owners as is the case 

in Iowa and Texas (Brown et al. 2012, Slattery et al. 2011).1 Thus, Rhode Island sales prices 

should offer an unadulterated reflection of homeowner preferences. 

 Within a hedonic valuation framework, we estimate a difference-in-differences (DD) 

model. In the most basic model, the treatment group is defined by proximity; we create 

concentric rings around turbines and regard the set of houses in each distance band as a separate 

treatment group. We define two distinct treatments. The first is when it is publicly announced 

that a wind turbine will be built at a specific location; this aspect of the model determines if 

homeowner’s expectations of disamenities affects property values. The second is when the 

construction of the turbine is completed and measures if the realized disamenity has an effect on 

property values. 

 Proximity is a crude measure of the potential impacts of a wind turbine, and we took 

several additional steps to model likely impacts. We delve into heterogeneous impacts by the 

size of the turbine and the setting (i.e., industrial or residential area). In addition, we account for 

the fact that other obstructions such as large buildings or trees might mitigate the effects of a 

nearby wind tower on particular properties.  To do so we physically visited 1,354 properties that 

transacted after construction that are within two miles of a turbine to assess the extent of view of 

the turbine.2

1 Two exceptions exist. The owner of the North Kingstown Green Turbine pays $150/year to the dozen or so 
residents in the same development as the turbine and the Tiverton turbine offsets electricity expenditure to residents 
of the Sandy Woods Farm community. Only a single transaction in our data set occurred after turbine construction
for these houses affected by payments, thus we feel confident that our results are unaffected by payments.
2 In the appendix, we also examine the property value impacts of shadow flicker, though there are very few 
observations affected. 
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Across a wide variety of specifications, the results indicate that wind turbines have no 

negative statistical impacts on house prices, in either the post public announcement phase or post 

construction phase. For houses within a half mile of a turbine, the point estimate of price change 

relative to houses 3-5 miles away is -0.4%. While the standard error of the point estimate is not 

small (3.8%), we can rule out negative impacts greater than 5.2% with 90% confidence. The DD

models indicate that turbines are built in less desirable areas to begin with, which is consistent 

with intuition because several turbines are built near highways or industrial areas. However, even 

when we isolate residential areas where turbines are likely to contrast most with surroundings, 

our results still indicate no statistically significant negative price impacts. Further, our results 

suggest no statistically significant negative impacts to houses with unfettered views of a turbine. 

A repeat sales model corroborates these results. 

The literature examining the impacts of wind turbines on property values is still in its 

infancy. There are several studies that suffer from small sample sizes or unsound econometric 

modeling. Sims and Dent (2007) used only post construction observations, and Sims et al. (2008) 

only had 199 observations – all within a half mile of a single wind farm. Neither of these studies 

use the DD framework, which is essential for controlling for confounding factors, either that 

exist prior to wind energy development or that affect all houses regardless of turbine 

construction. This is most evident for Sims and Dent (2007), who show an aerial picture of one 

of their study wind farms, and between it and the housing development is an already existent, 

enormous, open pit quarry, which surely could have affected housing prices prior to the wind 

farm. More recently, Sunak and Madlener (2012) collect 1,202 observed transactions, both 

before and after construction, but the model they estimate constrains the effect of construction to 

be constant across distance and the effect of distance to be constant across time. 

Fortunately, better studies have been carried out recently. Heintzelman and Tuttle (2012) 

examine impacts of wind farms in three counties of Upstate New York using over 11,000 

transactions and a specification that treats distance as a single continuous variable. They do find 

some significant price effects from proximity, though they are not consistent across counties. 

Their results imply that a newly built wind farm within a half mile of a property can decrease 

value by 8-35%. It is important to note, however, that the average distance to a turbine of a 

transaction in their data is over 10 miles, and they interpolate effects to close proximity. The 

strongest research to date is a recent report from Hoen et al. (2013), which updates Hoen et al. 
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(2011). They collect over 50,000 transactions within 10 miles of wind farms spanning 27 

counties in nine states. They utilize a DD methodology similar to ours with distance bands 

around the wind farms and both a post announcement and post construction treatment. Similar to 

our results, Hoen et al. (2013) find no statistical effect of wind turbines on property values. It is 

important to note that both the Hoen et al. (2013) and Heintzelman and Tuttle (2012) results are 

for large scale wind farms with as many as 194 turbines, as distinct from our study that examines 

the case of individual wind turbines. 

 This paper contributes to the understanding of property value impacts of turbines by 

providing an econometrically sound analysis with far more observations than all but one existing 

analysis. Further, we go beyond proximity and offer the most thorough to-date analysis of how 

impacts may be heterogeneous due to viewshed of a property and size and setting of a turbine. 

Lastly, because we are working in a single state, we have been able to take part in multiple 

stakeholder meetings related to wind energy development and gain an understanding of the local 

perceptions, sentiments, and institutions, which have all informed our analysis. For instance, 

homeowners feel certain turbines are more odious than others, which suggested we should look 

for heterogeneous property value effects.

2. Methodology 

In the absence of explicit markets, there are generally two approaches that economists use 

to determine the value of environmental amenities and disamenities: revealed and stated 

preference methods (e.g., Freeman et al, 2003). Revealed preference methods use actual choices 

made by people to infer the value they place on an amenity. Stated preference methods infer 

values using responses of what individuals would do in a given situation, such as what is the 

most the individual would pay to participate in an activity rather than go without. 

The Hedonic Price Method (HPM) is among the most popular revealed preference 

methods for determining values of non-market environmental amenities. The Hedonic method is 

based on the concept that many market commodities are comprised of several bundled attributes, 

and the market prices are determined by their attributes. Applied to residential properties, the 

price of a property is affected by attributes such as the size of the house, the size of the lot, the 

number of bathrooms, bedrooms, etc.; the neighborhood attributes such as the condition of 

nearby homes, the crime rate, quality of schools, etc.; and environmental attributes such as air 
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quality, adjacent open space, ocean views, etc. The basic idea is that houses with desirable 

attributes (e.g., an ocean view) will be bid up by potential buyers, and the extent to which prices 

are bid up depends upon how much buyers value the attribute. If one can estimate the price 

premium associated with an attribute, one can gain insights into the extent to which potential 

buyers value an environmental amenity. HPM models have been applied to estimate implicit 

values associated with a wide range of amenities and disamenities: airport noise (Pope 2008), 

crime (Bishop and Murphy 2011), power plants (Lucas 2011), air quality (Bento et al. 2013), and 

school quality (Cellini et al. 2010).  

 This paper applies HPM to the impacts of wind turbines on property values. Within the 

HPM framework, we estimated a DD model. DD models typically compare treated units to 

untreated units, both before and after treatment has occurred. There are two modifications to the 

basic framework for our application. First, treatment is defined by distance and is thus 

continuous. In order to avoid parametric assumptions, we group houses into D discrete bands of 

concentric circles surrounding the location of a turbine. The furthest distance band is chosen 

such that no effect of the wind turbine is expected and serves as the control group. Second, 

instead of two time periods, we have three: 1) pre-announcement (PA), in which no one knows 

that a wind turbine will be built nearby, 2) post-announcement pre-construction (PAPC), which 

is after the public has been made aware that a turbine will be built, but prior to the construction, 

and 3) post construction (PC). PA is the before treatment time period, and we allow the two 

treatment periods, PAPC and PC, to have differential impacts on property values, the first based 

on expectations and the second based on the realized (dis)amenity. The specification is:  

ln( ) = + +
             + +
             + +                                                                                                                     (1)
where is the sales price of transaction i, is a dummy variable equal to one if transaction 

i is within the kth distance band, and  and are dummy variables equal to one if 

transaction i occurs PAPC or PC, respectively.  is a set of housing, location, and temporal 
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controls. also includes a constant to capture the omitted group of the 1st distance band in time 

period PA. Finally, is the error term. 

The coefficients are interpreted as follows. measures the PA (i.e., pre-treatment) 

difference in housing prices for distance band k relative to distance ring 1.  and measure the 

change in housing prices for distance band 1 (the control group) in the PAPC and PC time 

periods, respectively.  and are the coefficients of interest and measure, for PAPC and PC, 

respectively, the differential change in property values from the pre-announcement time period 

for distance band k relative to the change in property values of distance band 1. 

The timing of our data, 2000-2013, corresponds to the housing boom and bust. Further, as 

detailed in the next section, the PAPC and PC periods almost always occur during bust years. 

Relative to a simple before-after estimate of the impacts of wind turbines on property values 

using only houses in close proximity, the DD model goes a long way to mitigate spurious 

correlation creeping into the treatment effect coefficients. To further guard against spurious 

correlation, we follow the advice of Boyle et al. (2012) and include city by year-quarter fixed 

effects and an interaction of lot size and its square with city fixed effects and year fixed effects. 

The city by year-quarter fixed effects flexibly controls for the boom and bust in prices for each 

city separately. The lot size interactions not only allow the value of land to be different in each 

city, but allow the value to evolve over time with the boom and bust. For more standard reasons, 

we also include census tract fixed effects and we interact distance from the coast with city. Tract 

fixed effects capture time invariant locational heterogeneity.3 Interactions of coast and city allow 

the value of coastal living to change in different parts of Rhode Island. As with other DD 

estimators, identification of the treatment effects relies on the assumption that house prices 

would have changed identically across distance bands in the absence of turbines being built. See 

Figure A1 in the appendix for suggestive evidence that this assumption is reasonable. 

3 In the spirit of Abbott and Klaiber (2010), one may be concerned that the tract fixed effects and city by year-
quarter fixed effects will capture all relevant variation needed for the identification of wind turbines on property 
values. The spatial scale of influence could reasonably be at the tract level, however, because the tract fixed effects 
do not vary over time, within tract temporal variation will identify the effect of turbines if there is one. Our intuition 
is that effects of turbines are much smaller than the scale of a city. Thus, even with the inclusion of city by year-
quarter fixed effects will, there will still be within-city variation to identify property value impacts. Further, the five 
mile radius around each turbine includes 4.1 cities, on average.

002688



Within the framework of Equation (1), we additionally estimate models that examine 

impacts that vary due to type of turbine, turbine surroundings, and viewshed (and shadow flicker,

in the appendix).  

Finally, we analyze property value impacts of turbines in a repeat sales model. There are 

many idiosyncratic features of a property that are unobserved by the researcher, and these may 

lead to omitted variables bias. A repeat sales model that includes property level fixed effects will 

account for all unobserved property attributes as long as they are time invariant. We estimate the 

following model:  ln( ) = + +
             + +
             + +                                                                                                                     (2)
where is the sales price of unit i at time t, and is a unit-level fixed effect. ,

and  are as defined in Equation (1). Due to their time-invariant nature, property 

characteristics drop out of . However, we still can include lot size and its square interacted 

with year fixed effects to allow for changes in the value of land through the boom and bust. 

also includes city by year-quarter fixed effects. Identification of  and (the coefficients of 

interest) comes from properties that transact in more than one of the three periods (PA, PAPC, 

PC).

3. Data  

3.1 Wind turbines 

 Table 1 provides information on the 10 sites in Rhode Island that currently have turbines 

of 100 kW or above. All of these are single turbine sites, with the exception of Providence 

Narragansett Bay Commission, which has three. There is a wide range in the nameplate 

generation capacity; four turbines are 100 kW, one at 250 kW, one at 275 kW, one at 660 kW, 

and five at 1.5 mW. Table 1 also lists the date of public announcement that the wind turbine will 

be built and the date that construction was complete. The date of public announcement is marked 

by either an abutter notice or a public forum. The first turbine was built in 2006 and the second 

not until 2009; the remainder were built in 2011 and 2012. Time period PA is defined as before 

the announcement date, PAPC defined as between the announcement date and construction 
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completed date, and PC is defined as after the construction completed date.4 The last column of 

Table 1 describes the location and surroundings of each turbine. Of note is that several are in 

primarily residential areas. Others are in mixed use areas with either industrial or commercial 

activity, and sometimes coupled with an existing disamenity such as proximity to a highway or 

water treatment plant. Figure 1 shows the location of the turbine sites around the state.

 One threat to identification could be that turbines are sited in neighborhoods that are 

strongly in favor of wind energy and that the treatment effect on the treated is substantially 

different than the average treatment effect (or what the price effect would be if the turbines were 

randomly placed). With the exception of Tiverton Sandywoods Farm, the turbines have been 

sited by private or government parties with little to no backing from surrounding neighbors. In 

fact, several turbines have been sited and erected despite substantial community protest. Given 

this history, we are not concerned about endogenous placement of turbines threatening 

identification.

3.2 Housing data 

 Our housing data include nearly all Rhode Island transactions between January 2000 and 

February 2013. Figure 1 displays the location of all transactions in our data in relation to the 

turbines. The data offer information on sales price, date of transaction, street address, living 

square feet, lot size, year of construction, number of bedrooms, bathrooms and half bathrooms, 

and whether or not the unit has a pool, fireplace, air conditioning or view of the water. To get 

latitude and longitude, we geocoded all addresses to coordinates using the Rhode Island GIS E-

911 geolocater.5 Using GIS, we calculated the Euclidian distance to the nearest turbine, as well 

as the distance to the coast. We limit the sample to arm’s length transactions of single family 

homes within 5 miles of an eventual wind turbine site and with a sales price of at least $10,000. 

This yields 66,487 observations. From that, we drop 385 observations for incomplete data.  

 One downside to the housing data is that characteristics of the house (bedrooms, 

bathrooms, square feet, etc.) come from assessor’s data and only reflect the current 

4 Several turbines in our sample were built quite recently, which makes the length of the PC period relatively short 
in our sample. This could cause problems for estimating true treatment effects if prices are slow to respond to 
changes in amenities. However, Lang (2013a) examines the dynamic path that house prices take responding to 
changes in air quality (an amenity more difficult to observe), and finds that owner-occupied house prices capitalize 
changes immediately. 
5 Available at http://www.edc.uri.edu/rigis/.
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characteristics of the house. If a house was remodeled or a property was split into two or more 

properties, the data do not capture the characteristics of the property or house before the change. 

One concern is that “flipped” properties could bias our estimates. To deal with this potential 

problem, we search the data for properties with multiple sales occurring less than six months 

apart and drop any sale that occurred prior to the last sale in the set of rapid sales. For example, if 

we observe a property transact 1/1/2000, 1/1/2005, 2/1/2005, and 1/1/2010, we would drop the 

1/1/2000 and 1/1/2005 transactions because the characteristics of the property may be 

dramatically different for those transactions than what is current. This drops 26.5% of 

observations, leaving us with a sample of 48,554.  

 We define five distance bands surrounding turbines needed to estimate Equation (1): 0-

0.5 miles, 0.5-1 miles, 1-2 miles, 2-3 miles, and 3-5 miles. Table 2 presents the distribution of

transactions across the bands for the three time periods. For identifying the effect of proximity on 

prices, we need a substantial number of observations in close range. There are 584 transactions 

within half a mile, with 75 occurring PAPC and 74 occurring PC, which should be sufficient for 

identifying an effect if it is there. This table makes clear the benefits of examining wind turbine 

valuation in a population dense state. In addition, Table 2 gives the proportion of transactions 

occurring in each distance band for each time period, which can give a sense of whether 

transaction volume is substantially different for nearby distance intervals in either PAPC or PC. 

The proportions appear roughly constant across time suggesting neither announcement nor 

construction affects transaction volume.   

Table 3 presents summary statistics for our sample properties. Prices are adjusted for 

inflation and brought to February 2013 levels using the monthly CPI. The average price in our 

sample is $305,800. The average lot size is 0.34 acres and the average living area is 1559 square 

feet. The average distance from the coast is only 1.59 miles (Rhode Island deserves its nickname 

“The Ocean State”!). Additionally, Table 3 compares houses in the 0-1 mile band to the 3-5 mile 

band PA to examine differences between the treatment and control group prior to treatment. The 

last column gives the difference in means divided by the combined standard deviation, which is 

the best statistic for assessing covariate balance (Imbens and Wooldridge 2009).6 Sales price 

seems well balanced, as do most of the covariates with the exception of Fireplace and Distance 

6 The problem with the frequently used t-statistic is that, as sample size grows, equivalent means can be rejected 
even when a covariate is well balanced. 

002691



from the coast, both of which exceed 0.25, which is considered to be a limit for covariate 

balance. If the implicit values of these characteristics are different across space or change over 

time, then the differences in means could be a threat to identification. However, comparing the 0-

1 mile band to the 2-3 mile band (not shown), Distance to the coast has much better overlap, and 

both variables have strong overlap comparing the 0-1 mile band to the 1-2 mile band. Thus, the 

treated units have common support with the spectrum of control units. Further, as explained in 

Section 2 (following the advice of Boyle et al. 2012), to guard against changing implicit prices 

affecting the estimated valuation of turbines, we allow the implicit value of lot size and distance 

from the coast to vary between cities and for lot size to vary over time too.  

3.3 Viewshed

 Equation (1) examines how house prices change with proximity to a turbine, but 

proximity is a crude measure for some of the impacts of living near a turbine. One source of 

heterogeneity in impacts by proximity could come from whether or not residents can actually see 

the turbine from their property. Unfortunately, we are unable to capture this variation with GIS 

due to the presence of obstructions such as trees and buildings that might mitigate the impacts of 

a nearby wind turbine. To overcome this limitation, we completed site visits to all 1,354 

properties that transacted PC and are within two miles of a turbine. Based on what we could see 

from the street in front of a given house, plus a bit of walking in both directions (to account for 

the possibility that a turbine may only be visible from certain parts of the house or backyard), the 

view was rated into one of five categories based on the percentage of the blade spinning diameter 

visible: no view (0%), minor (1-30%), moderate (31-60%), high (61-90%), extreme (91-100%). 

While the classification was subjective, a single person did all of the ratings and went to great 

length to be consistent.  

The results of the site visits confirmed substantial heterogeneity in views. Despite Rhode 

Island’s minimal topography, only 0.4% of properties in the 1-2 mile band had any view of the 

turbine (see Table A1 in the Appendix). Within half a mile, 24.3% have a full view, 13.5% have 

a partial view, and 63.2% have no view. Figure 2 illustrates the heterogeneity in viewshed for PC 

transactions surrounding the Portsmouth High School turbine. While viewshed and proximity are 

certainly correlated, it is far from a perfect correlation and there are several instances of 

properties with similar location and dramatically different views. 
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4. Results 

Table 4 presents the main DD results on the full sample of transactions. There are three 

columns that represent three different models that each add additional variables described at the 

bottom of the table. All three models include housing characteristic controls, detailed further in 

the notes of the table, and tract fixed effects. The first set of coefficients, corresponding to the 

in Equation (1), measure the difference in housing values among the various distance bands 

relative to the 3-5 mile band. All models suggest that there is a negative premium for living near 

the eventual site of a wind turbine, prior to an announcement that a wind a turbine will be built. 

For instance, Model 1 indicates that houses located within half a mile of a future turbine site are 

worth 9.0% less than those houses 3-5 miles away from the future site. This finding implies that 

turbines are being sited in areas that have lower house prices conditional on property and 

locational characteristics. This makes sense since several of the turbines are located in less 

desirable areas, i.e., near the highway or on the grounds of a wastewater treatment facility. The 

second set of coefficients, which correspond to  and  in Equation (1), measure the change in 

housing prices for the 3-5 mile distance band in the PAPC and PC time periods, respectively. 

Across all models, the results suggest that these time periods are associated with lower sales 

prices relative to PA (due to the crash of the housing market), though given the inclusion of city 

by year-quarter fixed effects the magnitudes of  and  do not fully reflect the large drop in 

house prices during those periods. Taken together, the distance and timeline results indicate that 

a purely cross-sectional or before-after research design would both provide negatively biased 

estimates of the effect of wind turbines on property values. The DD approach we apply controls 

for these potential problems. 

 The third set of coefficients in Table 4 are the DD estimates, corresponding to  and 

 in Equation (1), which are the estimated treatment effects of PAPC and PC for the various 

distance bands. The coefficients for the 2-3 mile band are small in magnitude and statistically 

insignificant. Intuition suggests that 2-3 miles away from a turbine is probably too far for an 

impact to occur, so observing that these prices closely track those 3-5 miles away gives 

confidence in the assumption of common trends needed for the DD research design. Moving into 

closer distance bands, no coefficients are statistically significant and all are small in magnitude. 

For all models, the Akaike Information Criterion (AIC) is calculated and Model 3 minimizes this 

002693



statistic, which is the objective, and so we deem Model 3 to be our preferred specification. The 

point estimates of the treatment effects for this model suggest that for houses within half a mile 

of a turbine, values decreased 0.4% PAPC and decreased 0.4% PC. The standard error on the PC 

estimate is 3.8%, which implies a one-sided hypothesis can rule out decreases in prices more 

than 5.1% with 90% confidence. While a smaller confidence band would be ideal, we can rule 

out large negative impacts, such as -10% or more, that are routinely hypothesized by opponents 

of wind development. Results are qualitatively similar using distance bands with increment in 

thirds of a mile within 1 mile, but standard errors double, which leads to a larger range of 

possible impacts.

4.1 Repeat sales analysis 

Table 5 presents results from a repeat sales analysis. Only properties that transact more 

than once are included in the sample, which decreases the sample by over half. The first column 

includes city by year-quarter fixed effects (akin to Column 1 in Table 4), and the second column 

additionally includes lot size-year interactions (akin to Column 3 in Table 4). Model 2 minimizes 

AIC, but both are presented for completeness and robustness. 

Like Table 4, the results suggest that there is no significant difference in price changes 

between the 2-3 mile band and the 3-5 mile (control) band. In the 0.5-1 mile band, both columns 

suggest that house prices decreased PAPC, by 5.7% (statistically significant at the 5% level) in 

Model 2. The point estimates indicate larger impacts PC (-8.1% for Model 2), but are statistically 

insignificant. In contrast, the 0-0.5 mile band shows statistically insignificant price increases 

PAPC (8.1% for Model 2). The PC results for the 0-0.5 mile band are nearly identical to Table 4, 

indicating a 0.0% change in prices with a standard error of 3.7%.  

It is difficult to draw conclusions from the results. On the one hand, the 0.5-1 mile band 

results indicate that turbines could have a negative and large impact on property values. On the 

other hand, the 0-0.5 mile band results, where the impacts should be strongest, are incongruent 

with the 0.5-1 mile results. It will be beneficial to update this analysis in two or so years with 

more PC transactions.  
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4.2 Heterogeneity by type of turbine and setting 

As explained with Table 1, there is substantial heterogeneity among the Rhode Island 

turbines in terms of size and placement. The turbines range in size from 100 kW to 1.5 mW, and 

some are located near highways or industrial areas. The estimates presented thus far group all 

turbines together, but it is possible the price effects are different based on size and surroundings. 

Intuition suggests that price impacts would be more pronounced for larger turbines and turbines 

in primarily residential areas where other disamenities do not already exist.  

 Table 6 presents DD estimates, returning to Equation (1), for subsets of the data based on 

turbine characteristics. Columns 1 and 2 use only turbines with a capacity of 660 kW or more – 

these would be considered the industrial sized turbines. Columns 3 and 4 use only turbines in 

primarily residential areas. Similar to the repeat sales analysis, the large turbine analysis presents 

mixed evidence of price impacts. The results suggest negative price impacts of 3.6% PC in the 1-

2 mile band and positive impacts of 8.4% PAPC in the 0-0.5 mile band. The point estimates for 

PC in the 0-0.5 mile band are 4.3%, but insignificant. For the primarily residential locations 

analysis, all coefficients are statistically insignificant.

4.3 Viewshed

 Beyond the size and location of a turbine, another source of heterogeneity is whether or 

not a house can actually see the turbine, and to what extent. This source of heterogeneity can 

occur within a group of houses matched to a single turbine, in contrast to the heterogeneity 

explored in Table 6, which occurs between turbines. Table 7 presents the results of three models 

exploring the impact of viewshed on prices. Models 1 and 2 match Columns 2 and 3 of Table 4, 

except additionally include indicator variables for each of the categories of view. Model 3 omits 

the DD variables from the model, to check if multicollinearity between viewshed and proximity 

affects coefficients on the viewshed variables. Across the three models, the results suggest that 

view of the turbine has no statistical impact on property values. Further, the point estimates have 

a non-monotonic relationship with the extent of view and range from -5.2% to 7.9%. 

5. Conclusion 

This paper offers an econometrically sound analysis of the effect of wind turbines on 

property values in Rhode Island. With a sample of 48,554 transactions, we estimate a suite of 

002695



DD models that examine property impacts due to proximity, viewshed, and type and location of 

turbine. Because our sample time period includes the housing boom and bust, we control for 

city-level price fluctuations and allow the implicit value of housing characteristics to vary by 

year and city, following the advice of Boyle et al. (2012). Broadly, the results suggest that there 

is no statistical evidence for negative property value impacts of wind turbines. Both the whole 

sample analysis and the repeat sales analysis indicate that houses within half a mile had 

essentially no price change PC. These results are consistent with Hoen et al. (2013), who 

examine impacts of large wind farms in nine states. However, the results are not unequivocal. 

First, some models do suggest negative impacts; however, these are often incongruent with other 

coefficient estimates in the same model. Second, many important coefficient estimates have large 

standard errors. As time goes on and there are more PC transactions observed, we hope to update 

this analysis and improve accuracy and consistency of the estimates. 

In the past (and likely going forward), proposed wind energy projects have been fervently 

opposed by homeowners surrounding the turbine site. There are several possible reasons why 

these stated preferences may be different than preferences revealed through housing market 

choices, such as we found in this analysis. First, stated preference is completely in the abstract 

and losses and gains are never realized. Hence, people may behave strategically to try and 

influence outcomes even if they are not willing to pay for it. Lang (2013b) finds a similar 

inconsistency with stated beliefs about climate change and what internet search records reveal 

about people’s interests. Second, wind energy is still relatively new in the United States, 

especially farms and individual turbines that are in close proximity to residential development. It 

could be that local opposition is driven by fear of the unknown, but that once reality sets in (i.e., 

the turbines are built) people care much less. Third, there could be a process of preference-based 

sorting occurring in the housing market in which people who dislike the turbines move away and 

those that are indifferent or even enjoy the turbines move near.7 Importantly, these location shifts 

of certain homeowners may not affect housing prices if there are enough potential buyers who 

are indifferent or prefer to live near turbines.  

 
 
 

7 See, for example, Banzhaf and Walsh (2008), who examine preference-based sorting in response to toxic emissions 
from factories. One anecdote in support of this idea is that we talked with one recent home buyer, an engineer, who 
enjoyed watching a nearby turbine spin.
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Figure 1: Spatial distribution of sales and turbines 
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Figure 2: Proximity bands, viewshed, and shadow flicker, for post construction transactions around  
Portsmouth High School wind turbine 
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Table 1: Wind turbine characteristics for Rhode Island sample

Name
Abbreviation      
(match with 

Figure 1)

Nameplate 
capacity Announcement Construction 

completed Comments

Portsmouth Abbey PAB 660 kW 12/15/2004* 3/27/2006 On grounds of a school/monastery; primarily 
residential surroundings

Portsmouth High School PHS 1.5 mW 4/15/2006* 3/1/2009 On grounds of a public school; primarily 
residential surroundings

Tiverton Sandywoods Farm TVT 275 kW 7/18/2006 3/23/2012 On grounds of communal residential 
development; primarily residential 
surroundings

Providence Narragansett Bay 
Commission (3 identical turbines)

PVD 1.5 mW each 9/26/2007 1/23/2012 On grounds of water treatment facility; mixed 
industrial/residential surroundings

Warwick New England Tech NET 100 kW 10/9/2008 8/6/2009 On grounds of technical college, next to 
highway

Middletown Aquidneck Corporate 
Park

MDT 100 kW 4/13/2009 10/9/2009 Mixed residential/commercial surroundings

Narragansett Fishermen's 
Memorial State Park

NRG 100 kW 7/7/2009 9/19/2011 On grounds of state campground; primarily 
residential surroundings

Portsmouth Hodges Badge PHB 250 kW 5/14/2009 1/4/2012 Mixed residential/commercial/agricultural 
surroundings

Warwick Shalom Housing SHA 100 kW 8/6/2009 2/2/2011 On grounds of apartment complex, next to 
highway

North Kingstown Green NKG 1.5 mW 9/15/2009 10/18/2012 Primarily residential surroundings

Notes: Dates of announcement and construction completed were gathered from personal requests for information and newspaper/online sources. Dates marked 
with * are approximate, sources could only identify a month and year that the announcement was made, and we chose to use the midpoint of the month.
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Table 2: Transaction counts and proportions by distance and time period

Distance 
Interval 
(miles)

PA PAPC PC TOTAL

0 - 0.5 435 75 74 584
1.2% 1.0% 1.4% 1.2%

0.5 - 1 1979 353 338 2670
5.5% 4.9% 6.4% 5.5%

1 - 2 6120 1180 942 8242
17.0% 16.3% 17.8% 17.0%

2 - 3 10116 1877 1599 13592
28.1% 25.9% 30.3% 28.0%

3 - 5 17375 3765 2326 23466
48.2% 51.9% 44.1% 48.3%

TOTAL 36025 7250 5279 48554
100% 100% 100% 100%

Notes: 'PA' stands for pre-announcement, 'PAPC' for post-announcement/pre-construction, 
and 'PC' for post-construction. The percentages are the proportion of all transactions for a 
given time period occurring in that distance band.
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Table 3: Housing summary statistics

Variable Full 
Sample

Pre-announcement
0 - 1
miles

3 - 5
miles Difference/std. dev.

Price (000s) 305.8 330.8 323.4 0.03
Lot size (acres) 0.34 0.35 0.41 -0.06
Living area (square feet) 1559 1567 1600 -0.04
Bedrooms 3.03 3.07 3.03 0.06
Full bathrooms 1.49 1.55 1.51 0.06
Half bathrooms 0.45 0.44 0.46 -0.03
Fireplace (1=yes) 0.31 0.13 0.38 -0.44
Pool (1=yes) 0.04 0.03 0.05 -0.09
Air Conditioning (1=yes) 0.30 0.25 0.31 -0.15
Distance from coast (miles) 1.59 1.15 1.94 -0.49
Age at time of sale (years) 52.5 46.0 47.3 -0.04

Observations 48554 17375 2414
Notes: Housing prices are brought to February 2013 levels using the monthly CPI. The final column equals the 
difference in means between the 0-1 mile set and the 3-5 mile set divided by their combined standard deviation.
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Table 4: Difference-in-differences estimates of the impact of wind turbine proximity on housing prices

Variables (1) (2) (3)
Distance (relative to 3-5 mile)

2 - 3 miles -0.008 -0.014 -0.014
(0.023) (0.023) (0.023)

1 - 2 miles -0.025 -0.030 -0.030
(0.026) (0.026) (0.025)

0.5 - 1 miles -0.048 -0.060 -0.059
(0.022)** (0.020)*** (0.020)***

0 - 0.5 miles -0.090 -0.087 -0.087
(0.033)** (0.032)** (0.032)**

Timeline (relative to PA)
PAPC -0.033 -0.035 -0.038

(0.014)** (0.014)** (0.014)**
PC -0.055 -0.060 -0.058

(0.020)** (0.020)*** (0.019)***

Difference-in-differences
2 - 3 miles PAPC -0.008 -0.009 -0.008

(0.020) (0.020) (0.018)
PC 0.007 0.008 0.006

(0.014) (0.014) (0.015)
1 - 2 miles PAPC -0.041 -0.040 -0.039

(0.037) (0.036) (0.036)
PC -0.002 -0.009 -0.010

(0.017) (0.019) (0.018)
0.5 - 1 miles PAPC -0.029 -0.032 -0.029

(0.030) (0.028) (0.028)
PC -0.001 0.003 0.002

(0.033) (0.031) (0.030)
0 - 0.5 miles PAPC -0.009 -0.001 -0.004

(0.060) (0.053) (0.054)
PC -0.004 -0.001 -0.004

(0.042) (0.039) (0.038)
City by year-quarter fixed effects Y Y Y
Property-city interactions N Y Y
Property-year interactions N N Y
Observations 48554 48554 48554
R-squared 0.751 0.759 0.760
Akaike Information Criterion 12468.5 10933.5 10801.5
Notes: 'PA' stands for pre-announcement, 'PAPC' for post-announcement/pre-construction, and 'PC' for post-construction. Included in all 
regressions as control variables are lot size, lot size squared, living area, living area squared, number of bedrooms, full bathrooms, half bathrooms, 
indicator variables for the presence of a fireplace, pool, air conditioning, view of the water, within 0.25 miles of the coast, and within one mile of 
the coast, a set of dummy variables for the age of the house at purchase, a set of dummy variables for the subjective condition of the house, and 
tract fixed effects. Property-city interactions indicate that lot size, its square, and the two coast dummy variables are interacted with a full set of 
city dummies. Property-year interactions indicate that lot size and its square are interacted with year fixed effects. Standard errors are shown in 
parentheses and are estimated using the Eicker-White formula to correct for heteroskedasticity and are clustered at the city level. *, **, and *** 
indicate significance at 10%, 5% and 1%, respectively.
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Table 5: Difference-in-differences estimates using repeat sales data
Variables (1) (2)

2 - 3 miles PAPC 0.017 0.019
(0.012) (0.014)

PC 0.032 0.032
(0.027) (0.027)

1 - 2 miles PAPC -0.067 -0.068
(0.056) (0.055)

PC -0.023 -0.024
(0.041) (0.041)

0.5 - 1 miles PAPC -0.058 -0.057
(0.028)* (0.027)**

PC -0.075 -0.081
(0.054) (0.052)

0 - 0.5 miles PAPC 0.079 0.081
(0.068) (0.074)

PC 0.006 -0.000
(0.039) (0.037)

City by year-quarter fixed effects Y Y
Property-year interactions N Y
Observations 21414 21414
Unique houses 9618 9618
R-squared 0.897 0.898
Akaike Information Criterion -12939.7 -13058.9
Notes: Sample includes only properties that transact more than once during the sample 
timeframe. Standard errors are shown in parentheses and are estimated using the Eicker-White 
formula to correct for heteroskedasticity and are clustered at the city level. *, **, and *** 
indicate significance at 10%, 5% and 1%, respectively.
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Table 6: Heterogeneity of impacts by turbine size and location

Variables
Primarily residential

(1) (2) (3) (4)
2 - 3 miles PAPC 0.003 0.002 -0.004 -0.011

(0.016) (0.016) (0.075) (0.061)
PC -0.011 -0.012 -0.045 -0.043

(0.068) (0.069) (0.066) (0.061)
1 - 2 miles PAPC -0.056 -0.057 0.048 0.046

(0.053) (0.052) (0.037) (0.031)
PC -0.038 -0.036 -0.022 -0.014

(0.022)* (0.019)* (0.068) (0.063)
0.5 - 1 miles PAPC -0.042 -0.042 0.023 0.022

(0.041) (0.038) (0.048) (0.036)
PC -0.047 -0.047 0.028 0.030

(0.041) (0.042) (0.073) (0.065)
0 - 0.5 miles PAPC 0.084 0.084 -0.028 -0.034

(0.044)* (0.044)* (0.124) (0.126)
PC 0.039 0.043 0.073 0.078

(0.098) (0.101) (0.110) (0.115)
City by year-quarter fixed effects Y Y Y Y
Property-city interactions Y Y Y Y
Property-year interactions N Y N Y
Observations 23776 23776 8206 8206
R-squared 0.775 0.776 0.726 0.729
Akaike Information Criterion 7107.2 7021.2 1929.2 1843.8
Notes: See notes to Table 4. The model used in Columns (1) and (3) is identical to that of Column 
(4) in Table 4, and the model used in Columns (2) and (4) is identical to that of Column (5) in Table 
4. Columns (1) and (2) include turbines PAB, PHS, PVD, NKG. Columns (3) and (4) include PAB, 
PHS, TVT, NRG, NKG.
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Table 7: The impact of viewshed on property values
Variables (1) (2) (3)

0 - 0.5 miles PAPC -0.001 -0.004 -
(0.053) (0.054) -

PC 0.007 0.003 -
(0.061) (0.059) -

View of turbine None (omitted) - - -
- - -

Minor 0.028 0.021 0.020
(0.067) (0.072) (0.066)

Moderate 0.079 0.080 0.082
(0.125) (0.125) (0.124)

High -0.052 -0.044 -0.042
(0.177) (0.172) (0.144)

Extreme -0.019 -0.016 -0.012
(0.071) (0.069) (0.050)

City by year-quarter fixed effects Y Y Y
Property-city interactions Y Y Y
Property-year interactions N Y Y
R-squared 0.759 0.760 0.760
Akaike Information Criterion 10932.3 10800.4 10814.8
Notes: See notes to Table 4. The sample size in all columns is 48554. The model used in 
Column (1) is identical to that of Column (4) in Table 4, and the model used in Column (2) 
is identical to that of Column (5) in Table 4. Column (3) includes all control variables that 
Column (5) in Table 4, but does not include the interaction terms between proximity bands 
and time periods (i.e., the difference-in-differences terms). Columns (1) and (2) include all 
difference-in-difference variables shown in Table 4, though only the interaction between 
the 0-0.5 mile distance band and time period are displayed. 
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The Effects of Wind Turbines on Property Values in Ontario: Does Public Perception 

Match Empirical Evidence? 

 

ABSTRACT 

 

The increasing development of wind energy in North America has generated concerns from 

nearby residents regarding potential impacts of wind turbines on property values. Such concerns 

arose in Melancthon Township (in southern Ontario) following the construction of a large wind 

farm. Existing literature has not reached a consensus regarding the nature of these impacts. This 

paper applies a hedonic approach to detailed data on 5,414 rural residential sales and 1,590 

farmland sales to estimate the impacts of Melancthon’s wind turbines on surrounding property 

values. These impacts are accounted for through both proximity to turbines and turbine visibility 

– two factors that may contribute to a disamenity effect. The results of the hedonic models, 

which are robust to a number of alternate model specifications including a repeat sales analysis, 

suggest that these wind turbines have not significantly impacted nearby property values. Thus, 

these results do not corroborate the concerns raised by residents regarding potential negative 

impacts of turbines on property values. 

 

Key words: Wind turbines; property values; visual disamenity; hedonic approach 
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INTRODUCTION 

 

Global environmental concerns have led to greater emphasis on generating electricity from 

renewable resources. Energy sources such as wind have received increasing attention and 

support from governments wanting to cut carbon emissions and reduce dependence on non-

renewable energy sources. As a result, the wind energy industry has become one of the fastest 

growing industries in the world (Herring 2004). However, in spite of its perceived benefits, a 

number of issues and challenges have been identified in the economic literature regarding the 

development of wind energy. These include the intermittency of wind power (e.g., van Kooten 

2009), forecast errors for wind power output (e.g., Delarue et al 2009) and challenges with 

accurate estimation of the economic value of wind power (e.g., Kennedy 2005). Wind energy 

development has also generated controversy, as concerns have been raised by residents living in 

close proximity to wind turbines regarding potential negative effects on property values. Such 

concerns are the focus of this paper.  

Previous research on turbines and property values suggests that the primary complaints 

associated with turbines concern the perceived negative visual effects of turbines on the 

landscape as well as noise created by the turbines. Most recent studies have focused their 

analyses on assessing the visual disamenity, which has become the more prominent concern. 

While earlier literature also examined the issue of noise, the reduced emphasis on the noise 

disamenity appears to reflect improvements in turbine technology (Moran and Sherrington 

2007). As noted by Hoen et al (2009), the impact of proximity to turbines may extend beyond the 

visual disamenity effect to include nuisance effects such as shadow flicker and health concerns. 

Each of these effects, whether real or perceived, may also impact property values. 
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Existing literature on the disamenity effects of wind turbines (see Table 1 for an overview 

of this literature), which has incorporated a variety of techniques such as surveys, contingent 

valuation, price comparisons, and hedonic regressions, is inconclusive with respect to effects on 

property values. Several studies have found evidence of negative impacts, both for onshore 

turbines (Khatri 2004; Groothuis et al 2008; Heintzelman and Tuttle 2012) as well as offshore 

turbines (Haughton et al 2004; Ladenburg and Dubgaard 2007; Krueger et al 2011). In some 

cases, these studies did not examine property values specifically, but instead estimated residents’ 

willingness-to-pay to keep turbines out of their viewshed, their required compensation for these 

turbines, or costs of landscape impacts. However, these findings are likely linked to anticipated 

negative property value effects occurring due to this disamenity. The results of other studies 

found no significant evidence of negative effects on property values (Grover 2002; Sterzinger et 

al 2003; Poletti 2005; Hoen 2006; Rayner 2007; Sims and Dent 2007; Sims et al 2008; Hoen et al 

2009). Thus, consensus has not been reached in the empirical economic literature regarding the 

expected effects on property values of disamenities associated with wind turbines.   

The impacts on property values of other types of disamenities have been well-

documented, including impacts of hazardous waste sites (e.g., Kohlhase 1991; Kiel and Williams 

2007), landfill sites (e.g., Nelson et al 1992; Hite et al 2001), transmission lines (e.g., Hamilton 

and Schwann 1995), and oil and natural gas facilities (e.g., Boxall et al 2005). Such disamenities 

are typically found to negatively impact nearby property values. The purpose of this paper is to 

estimate the property value impacts of the perceived disamenity associated with a wind farm (a 

term which refers to a set of wind turbines constructed across multiple properties within a local 

area) in Melancthon Township in the province of Ontario. This wind farm is one of several that 

have been constructed across Ontario in the past decade. Concerns about potential negative 
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impacts on property values, as well as related concerns about potential health impacts on 

residents in close proximity to turbines, have become very prominent in Ontario’s public forum 

in recent years. With the recent growth in Ontario’s wind energy industry anticipated to continue 

as a result of government legislation such as the provincial Green Energy and Green Economy 

Act (2009), and with an increasing number of grassroots organizations across the province taking 

a stand against future wind farm developments, further examination of this issue to provide a 

better understanding of these effects that can inform the escalating controversy is imperative. At 

a more general level, additional in-depth studies on the property value impacts of wind turbines 

are needed to address the lack of consensus in the literature. 

We apply a hedonic approach to detailed datasets of rural residential1 sales and farmland 

sales in the area surrounding Melancthon Township to estimate the effects of the wind turbines 

on nearby property values. To our knowledge, this is the first hedonic study of the property value 

effects of wind turbines in Canada. This paper adds to the literature in two key ways. First, these 

effects are accounted for through both the proximity to the nearest turbine and the level of 

turbine visibility – i.e., the two factors that contribute to the potential visual disamenity. In 

addition to using each factor separately, we use an approach that combines proximity and 

visibility to account for the relationship between these two factors in contributing to the 

disamenity. Previous studies have tended to use either a distance measure or a visibility measure, 

which may limit the ability to adequately capture these effects. For example, the disamenity 

effects for two properties at a similar distance from a turbine may vary with the level of visibility 

from each property, while disamenity effects for two properties for which the nearest turbine is 

                                                 
1 Rural residential properties are located beyond the municipal boundaries of urban areas. These properties tend to 
be larger than urban residential properties, and are often purchased by landowners that value visual amenities 
associated with the surrounding ‘green’ landscape. 
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fully visible may vary with distance to the turbine. Hence, combining these factors may permit a 

more accurate representation of disamenity effects associated with turbines. 

Second, this paper provides a direct comparison of the effects of wind turbines on two 

distinct property types: rural residential and agricultural. As indicated in Table 1, the majority of 

recent studies has focused on the effects on residential properties, while farm properties have 

received little attention. The property value effects of turbines are anticipated to be greater for 

rural residential properties as the values of these properties, which are used primarily for 

residential purposes, may be more sensitive to visual disamenities and other nuisance effects than 

properties purchased primarily for agricultural use.  

The findings of this paper will provide evidence that may help to resolve the controversy 

that exists in Ontario regarding the impacts of wind turbines on property values. In response to 

concerns regarding potential impacts, many residents have been calling on the provincial 

government to delay wind farm developments until these impacts are better understood. This 

paper will contribute to achieving a better understanding of these impacts, and subsequently will 

determine whether concerns regarding negative impacts on property values are validated. The 

results presented in this paper may also inform further policy discussions and developments 

related to the future direction of wind energy in Ontario. In addition, these results may have 

applicability for large-scale wind farms constructed in other jurisdictions similar to Melancthon 

Township, where rural areas are comprised of farms interspersed with rural residential properties 

for which value is derived from the surrounding viewshed. 

 

BACKGROUND 
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In 2003, the provincial government of Ontario set a target of achieving 10% of total electricity 

production from renewable sources by the year 2010. According to Ontario’s Ministry of 

Energy, the province had only 10 wind turbines operating commercially in 2003 but currently 

there are in excess of 1,000. This growth can be attributed to programs launched by the 

government to encourage individuals or firms (proponents) to establish wind projects that 

contribute to the local power grid, whereby the proponent enters into a power purchase 

agreement with the Ontario Power Authority through which production is guaranteed for twenty 

years.   

Canadian Hydro Developers was one of the earliest successful proponents under this 

government policy initiative.2 They proposed to construct a wind farm, in two phases, in 

Melancthon Township, Dufferin County, about 100 kilometres northwest of Toronto. The first 

phase consisted of 45 80-metre turbines with a rated capacity of 67.5 megawatts of electricity, 

while the second phase consisted of 88 turbines with a rated capacity of 132 megawatts.3 The 

government of Ontario awarded Canadian Hydro Developers a contract on November 25, 2004.   

The development of Phase I began in 2004 with environmental assessments, which were 

completed in the spring of 2005. Municipal permits and approvals were then obtained, which 

allowed construction to proceed. The permits identified the specific properties upon which the 

turbines would be constructed. Service works such as access roads and necessary upgrades were 

completed by the end of June 2005, which allowed construction to commence in July. 

Construction of all Phase I turbines was completed by March 2006. For Phase II, some access 

roads were installed in the fall of 2007, but due to delays in permitting, construction did not 

occur until the following year, beginning in March and extending to December of 2008. In most 

                                                 
2 Canadian Hydro Developers has since been acquired by TransAlta Corporation. 
3 Some of the Phase II turbines are situated in neighbouring Amaranth Township. 
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cases, the land on which turbines were constructed was leased from local property owners, but in 

some cases properties were bought outright by Canadian Hydro Developers. The leases extend 

for a period of 20 years, during which time each property owner receives monthly compensation, 

based on the performance of the turbine(s) located on their property.  

Public discussion began after the government of Ontario announced that Canadian Hydro 

Developers’ bid had been accepted for the Melancthon wind farm. Initially, interest in the project 

was evident from farmers and large property owners who were potential candidates for turbine 

development on their property. For example, in a letter to the editor of a local newspaper, a 

Melancthon farmer stated that: “...a wind turbine on a farm is attractive as it might be a source of 

local power when central power is cut off, and could offset the rising cost of electricity and 

provide some income...” (Orangeville Banner, January 25, 2005). 

 As the project progressed and details emerged, such as the height of the turbines and their 

locations, concerns arose from local residents. At a town hall meeting in Melancthon in February 

2005, two primary concerns were raised: setbacks and the devaluation of properties. Residents 

were concerned that the 150-metre proposed setback of a turbine from a residence would not be 

enough, and that the resulting viewshed would negatively impact the value of properties. 

Following this meeting, a related article in a local newspaper noted that “...concern was also 

raised with the impact a wind farm will have on property values, and despite what developers 

say, residents feel it will have an unfavourable effect.” (Orangeville Banner, February 18, 2005). 

The concerns of residents contrasted starkly with the views of the property owners who were 

expecting a turbine to be constructed on their property. At a township meeting in April 2005, the 

23 property owners that accounted for the 45 Phase I turbines presented a petition to council 

urging them to expedite the process of permit approval. 
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Despite many public meetings over the course of the planning and development of the 

wind turbines in Melancthon Township, the debate regarding the distribution of effects of the 

turbines in this area remained largely unresolved. Since existing literature does not provide 

conclusive evidence regarding this debate, we conduct an analysis to examine for property value 

impacts of these turbines.  

 

METHODS 

 

Previous studies on wind turbines have employed a variety of methods to examine for the effects 

of the disamenities associated with turbines on property values. These methods include hedonic 

regression analysis (Hoen 2006; Sims and Dent 2007; Sims et al 2008; Hoen et al 2009; 

Heintzelman and Tuttle 2012), valuation using choice experiments (Ladenburg and Dubgaard 

2007; Krueger et al 2011), contingent valuation (Haughton et al 2004; Groothuis et al 2008), and 

price-trend comparison (Poletti 2005, 2007; Rayner 2007). A number of studies have also used 

surveys to examine attitudes toward wind turbines and wind energy (Thayer and Freeman 1987; 

Krohn and Damborg 1999; Sustainable Energy Ireland (SEI) 2003).  

The theory behind the possibility of disamenity effects is based on the concept that 

potential owners value properties on the basis of various property characteristics as well as 

environmental amenities and disamenities, subject to their budget constraints. Purchase decisions 

are made based on households’ tastes for specific attributes. These tastes are reflected in the 

values that households place on these attributes. These values can be estimated through a 

hedonic approach, which decomposes actual transaction prices into components linked to 

property attributes. 
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While hedonic models have not been frequently used in studies on the effects of wind 

turbines, they have seen extensive use in a wide variety of property value studies. This modeling 

approach is useful for generating the value associated with specific attributes of properties (see 

Freeman 2003). In this case, a hedonic model is developed for the purpose of determining the 

impact on property values of turbine proximity and visibility, specified by:  

,jjiijj TxP ε++=                 (1)  

where Pj represents the sale price of the jth property; xij is a set of property and location attributes 

that can impact the sale price; Tj is the variable accounting for the disamenity effects of wind 

turbines; i and  are parameters to be estimated; and j is the error term.  

We estimate six models in our primary analysis, which include three models each for 

rural residential properties and for farm properties. For both property types, the three models are 

differentiated based on the approach to accounting for turbine disamenity effects, which is 

discussed in the following section. 

A double-log functional form is used for these models,4 which is consistent with many 

hedonic models in the literature (e.g., Irwin 2002; Boxall et al 2005; Deaton and Vyn 2010). 

Recent literature has suggested that flexible functional forms such as the Box-Cox can 

outperform simpler forms, particularly in models where spatial fixed effects are used to control 

for omitted variable bias (Kuminoff et al 2010). However, we did not find any differences in sign 

or significance of the results for our variables of interest under Box-Cox specifications relative to 

the double-log form.  

As described in previous studies (e.g., Irwin and Bockstael 2001), the identification of 

hedonic models can be affected by issues such as spatial autocorrelation. This issue can cause 
                                                 
4 Not all explanatory variables are logarithmically transformed. Decisions about which variables to leave in their 
original form follow the general rules of thumb outlined in Wooldridge (2006). The variables that have been 
transformed are indicated in the tables of results (Tables 5 and 6). 
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inefficient parameter estimates due to omitted explanatory variables that are spatially related or 

due to spatially weighted price influences of proximate properties. As a result, studies have 

incorporated a spatial component into hedonic models to address this issue. Likewise, as 

described in the sensitivity analysis, we use a spatial autoregressive model to determine whether 

the existence of spatial autocorrelation has affected the parameter estimates. Other identification 

issues associated with the use of hedonic models include multicollinearity and heteroskedasticity. 

We address heteroskedasticity by generating robust standard errors, while the issue of 

multicollinearity is examined in the results section. 

 

DATA 

 

The data used in the hedonic models to estimate the property value effects of the Melancthon 

wind farm is derived from separate datasets collected by the Municipal Property Assessment 

Corporation (MPAC) to record sales of rural residential properties and farm properties.5 These 

datasets consist of open-market sales (as defined by MPAC) between January 2002 and April 

20106, inclusive, in Melancthon and ten surrounding townships in the counties of Dufferin, Grey, 

Simcoe, and Wellington. With the focus of this study on the effects of turbines on nearby 

properties, sales of properties on which turbines are located are excluded from these datasets.7 

Additionally, we restrict farm properties to those greater than five acres in size, in order to 

exclude farm properties that may be too small for use in agricultural production.8  

                                                 
5 MPAC collects this data for the purpose of assessing property values. 
6 The farm sales data extends only to April 2009. 
7 Only three sales of farm properties with turbines were included in the original datasets. This limited number 
restricts the ability to estimate the effects on the value of properties on which turbines have been constructed; as 
such, they have been excluded from the analysis.   
8 This restriction, as well as a variation of this restriction (i.e., 20 acre minimum size), does not impact the results. 
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With wide ranges in sale prices within each dataset, the possibility of outliers exists. 

Potential outliers are removed by establishing minimum and maximum prices beyond which the 

distribution of sale prices becomes sparse. Rural residential properties with sale prices below 

$10,000 and greater than $2,000,000 are removed, while farm properties with sale prices greater 

than $2,500,000 are removed from the dataset.9 Following these restrictions, the datasets used for 

the analysis consist of 5,414 rural residential sales and 1,590 farmland sales.  

Both datasets include many properties that sold more than once during the study period. 

Among the rural residential (farm) sales, 797 (131) properties sold twice, 114 (10) properties 

sold three times, and 12 (0) properties sold four times. This allows for conducting a repeat sales 

analysis, which can be an effective method for controlling for omitted variable bias. The results 

of this analysis can be compared to those of the full sample. Due to the relatively low numbers of 

properties in close proximity to turbines in the repeat sales sample, we conduct this analysis as a 

component of the sensitivity analysis rather than as our primary model.  

 

Variables Accounting for Turbine Impacts 

The potential visual disamenity associated with turbines is anticipated to arise due to two factors: 

proximity to the turbine and the level of visibility of the turbine. Each factor is incorporated 

separately into the hedonic models to account for this disamenity. In addition, as an alternate 

approach to accounting for this disamenity, a model is specified that combines both factors. 

Hence, three separate models are estimated for both property types, each with a different 

approach to accounting for the disamenity effects of turbines.  

                                                 
9 There were 7 rural residential properties (0.13% of sample) and 5 farm properties (0.31% of sample) with sale 
prices beyond these constraints. Excluding these sales did not affect the nature of the results. 
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In the first model, the disamenity effects are accounted for by proximity to turbines, 

which is measured as the inverse of the distance, in kilometres, from the property to the nearest 

wind turbine. This approach to accounting for turbine disamenity effects is similar to that of 

Heintzelman and Tuttle (2012). Geographic information systems (GIS) software was used to 

calculate the distances from each property in the two datasets to each of the 133 turbines in the 

Melancthon wind farm, from which the distance to the nearest turbine was determined for each 

property, and then inverted. While this study focuses to a larger extent on visual disamenities, the 

use of a proximity variable also accounts for noise disamenities associated with turbines. Due to 

the distance-decaying nature of the visual and noise disamenities associated with wind turbines, 

any disamenity effects on property values within the affected area are expected to be relatively 

higher for properties in closer proximity to turbines. Hence, if such disamenity effects exist, the 

sign of this proximity variable would be negative. Variation in the magnitude of effects based on 

distance from the disamenity has been demonstrated in related areas of the literature (Kohlhase 

1991; Boxall et al 2005).  

In the second model, the disamenity effects are accounted for by the level of visibility, 

which is measured using a rating system similar to that of Hoen (2006). Under this rating system, 

a score of one point is assigned if only the top of the blade is visible from the property (e.g., 

above the treeline), a score of two points is assigned if the hub of the turbine is fully visible, and 

a score of three points is assigned if the entire vertical span of the blades is visible.10 The 

development of this rating system required field visits to each of the properties within 5 

kilometres of the wind farm, which was determined based on observations of the study area to be 

                                                 
10 A rating system of 1, 3, and 5 points for the indicated levels of visibility was also examined, but the results were 
not found to be sensitive to this alternate rating system.  
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the extent of the visual impact.11 Similarly, previous studies have specified distance limits within 

which the effects are assumed to extend, such as five miles (Sterzinger et al 2003; Hoen 2006) 

and five kilometres (SEI 2003) from turbines. Both the rural residential and farm datasets include 

properties up to 50 kilometres from the nearest turbine, which permits the comparison of 

properties in close proximity to turbines with those from which the turbines are not visible (i.e., a 

control group). Under the assumption that greater visibility of the turbine increases the 

disamenity effects on property values, the expected sign of this visibility rating variable is 

negative. 

Since sales data are available both prior to and after the Melancthon wind farm was 

developed, each of the proximity and visibility measures used in the first two models is 

multiplied by a categorical variable indicating whether the property was sold in the time period 

during which disamenity effects are expected to occur, referred to as the post-turbine period. 

However, the existence of two phases of the wind farm complicates the calculation of these 

interaction terms. Consideration must be given to the date of sale with respect to the post-turbine 

period specific to each phase and, subsequently, to the determination of visibility rating of or 

distance to the nearest turbine in existence at the date of sale. As a result, categorical variables 

are created to represent the post-turbine period for each phase, while for each property, visibility 

ratings and distances to the nearest turbine are determined separately for Phase I turbines and for 

Phase II turbines. To capture appropriately the potential disamenity impacts of the Melancthon 

wind farm, each disamenity measure is specified for both rural residential and farm properties as 

the maximum of the Phase I and Phase II measures.  

                                                 
11 GIS applications can also be used to model the topography of the surrounding landscape and resulting viewshed. 
Hoen (2006) found that field visits were more accurate for rating turbine visibility than a GIS modeling approach. 
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The post-turbine periods are specified to account for the time periods in which the 

potential impacts of the turbines would likely be observed in property transaction prices. Since 

uncertainty exists in identifying the point in time at which impacts are expected to arise, we use 

three different specifications of the post-turbine period. In our base model, impacts are assumed 

to arise upon commencement of turbine construction.12 While the visual impact of the turbines 

could not be fully observed at this time, market participants would be aware of the locations of 

the turbines. Construction began in July 2005 for Phase I turbines and in March 2008 for Phase II 

turbines. Hence, the post-turbine periods specified for our primary models account for all sales 

that occurred from these months forward.  

Unfortunately, there are relatively few observations in the post-turbine periods that are in 

close proximity to turbines.13 Table 2 provides the numbers of post-turbine period observations 

at various distances from the turbines for the base model and two alternate specifications (which 

are described below). For example, under the base model specification, there are 23 (8) sales of 

rural residential (farm) properties within 1 kilometre of the nearest turbine and 103 (40) within 5 

kilometres (which represent 1.9% (2.5%) of all sales). The numbers of observations for each 

visibility rating are provided in Table 3 for each of the post-turbine period specifications. For the 

base model specification, among the rural residential (farm) properties within 5 kilometres of the 

nearest turbine, 9 (3) properties have a visibility rating of 1, 19 (13) properties have a visibility 

rating of 2, and 33 (16) properties have a visibility rating of 3.14 These relatively low numbers of 

post-turbine period observations, which may impede the ability to detect significant effects, 

represent a potential limitation of this study.  

                                                 
12 In a survey conducted by Khatri (2004), the majority of chartered surveyors believed that the impacts of turbines 
began before construction was completed. 
13 This has been a recurring issue in previous hedonic studies on the effects of wind turbines. 
14 The majority of properties within 5 km of the nearest turbine with a visibility rating of 0 are located in the 3-5 km 
range. The closer the property to the nearest turbine, the more likely that the visibility rating is greater than 0. 
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To address the uncertainty that exists regarding the point in time that impacts begin to 

arise, we examine the sensitivity of the base model results to two alternate specifications of the 

post-turbine periods. The first alternate specification (Pre-Construction) assumes that impacts 

begin to arise upon project approval (for Phase I) and upon completion of ancillary activities 

such as access roads (for Phase II), which could provide some indication of where future turbines 

may be located. These post-turbine periods include sales occurring after November 2004 (Phase 

I) and after October 2007 (Phase II), of which 30 (9) rural residential (farm) properties are within 

1 km and 123 (52) are within 5 km of the nearest turbine (see Table 2). The second alternate 

specification (Post-Construction) assumes that impacts do not arise until construction is 

completed (i.e., turbines are fully visible); thus, the post-turbine periods include sales occurring 

after February 2006 (Phase I) and after November 2008 (Phase II). Among these sales, 18 (6) 

rural residential (farm) properties are within 1 km and 79 (27) are within 5 km of the nearest 

turbine. 

While both proximity and level of visibility represent plausible measures of the visual 

disamenity, and have been used accordingly in previous studies, the use of each measure on its 

own involves potential issues that may impede the ability to appropriately capture the disamenity 

effects. For example, the impact of turbine visibility is likely to vary spatially – i.e., the 

disamenity effect of a 3-point visibility rating is assumed to be greater for a turbine at a distance 

of 1 kilometre than for a turbine 3 kilometres from the property. To address such issues, an 

additional model is specified that includes both the proximity and visibility variables as well as 

an interaction term (Proximity*Visibility). This represents an approach to accounting for turbine 

disamenity effects that has not previously been taken in the literature. The interaction term 

increases with visibility (holding proximity constant) and decreases with distance from the 

002723



17 
 

nearest turbine (holding visibility constant); hence, as with each of the proximity and visibility 

variables, the sign of this variable is anticipated to be negative. 

As an alternative to using a continuous distance specification for the proximity variable 

accounting for the disamenity effects of turbines (Model 1), a set of discrete distance bands is 

specified based on proximity to the nearest turbine. Distance bands have been used in a number 

of previous studies (Thayer et al 1992; Mikelbank 2005; Deaton and Vyn 2010). The set of 

distance bands specified for this study includes the following ranges: 0-1 km, 1-3 km, and 3-5 

km. These ranges encompass the visual extent of the wind turbines, which was determined based 

on observations of the study area to be about 5 km. Since the specification of 1-km bands would 

result in relatively few observations within some bands, particularly for farm properties, the use 

of larger bands (i.e., 2-km bands) increases the numbers of observations within each band and 

reduces the potential for individual properties to have undue influence on the estimated results. 

An exception is made with the first band (0-1 km) to permit examining for impacts in the area 

immediately surrounding the turbines where these impacts are anticipated to be greatest, under 

the assumption of a distance-decaying disamenity effect.15 For rural residential (farm) properties, 

there are 23 (8) properties in the 0-1 km band, 28 (11) properties in the 1-3 km band, and 52 (21) 

properties in the 3-5 km band. Distance band variables are calculated as the maximum of 

interaction terms specified for each phase between the categorical variable accounting for the 

existence of the nearest turbine within the specified range and the post-turbine period categorical 

variable specific to that phase. The results for this model specification are compared to those of 

the continuous distance specification in the sensitivity analysis. 

                                                 
15 Alternatively, two successive bands of 2.5 km (i.e., 0-2.5 km; 2.5-5 km) can be specified, which would increase 
the numbers of observations within the bands. However, this alternate band specification does not change the nature 
of the results. 
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 We also examine for the effects of turbine density in the sensitivity analysis. With 133 

turbines constructed across the Melancthon wind farm, the disamenity effect may depend not 

only on proximity to and visibility of the nearest turbine but also on the number of turbines 

within the viewshed. Thus, a turbine density variable is created to account for the existence of 

multiple turbines in close proximity to properties. To create this variable, the total number of 

turbines is calculated within a specific radius of each property. Two separate specifications of 

this variable are created: one with a 2-km radius (Density 2 km) and one with a 5-km radius 

(Density 5 km) in which density effects are measured. The maximum number of turbines within 2 

(5) kilometres is 24 (91) for rural residential properties and 17 (60) for farm properties. This 

approach follows that of Boxall et al (2005), which examined the effects of the density of sour 

gas wells on nearby property values.  

 

Other Hedonic Covariates 

In addition to the turbine variables, there are three other categories of variables (i.e., property, 

location, and time) that are included in the models to account for differences in sale prices across 

rural residential and farm properties (see Table 4). Many of these variables are consistent with 

those used in other hedonic property value studies. Due to differences between rural residential 

properties and farm properties in the importance of various attributes that contribute to value, the 

sets of variables included in the two models differ to some degree. While the description below 

covers all variables included in both models, differences between the sets of variables included 

in the models are evident in Table 4, where summary statistics are provided only for the 

variables included in each model.  
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The property variables include attributes of houses that account for differences in 

property values, such as square footage, the numbers of bathrooms and fireplaces, the existence 

of features such as a pool and air conditioning, and a house quality index (on a scale of 0-10). 

Other property variables include the size of the property in acres, the numbers of acres of Class 1 

land, Class 2 land, and wooded area, the existence of water and sewer services, and the value of 

any secondary structures (e.g., barns, sheds, and garages) on the property.  

The location variables account for urban and amenity influences in the surrounding area. 

Amenity variables include a categorical variable that accounts for the abutment of the property to 

commercial properties. The influence of urban areas on property values are accounted for by the 

distances to the nearest city with population greater than 10,000 and to the nearest highway 

interchange, in kilometres. The distance variables were generated using GIS software. Spatial 

fixed effects, which have received attention in recent hedonic studies as a means of reducing 

omitted variable bias associated with unobserved local factors (Kuminoff et al 2010), are 

accounted for through a set of categorical variables for the 11 townships (with one omitted from 

the models) represented in the datasets.  

The time variables account for changes in property values over time as well as for 

seasonal influences. To capture these influences, sets of year and month categorical variables are 

included in the models, with the year 2002 and the month of January omitted.  

Summary statistics in Table 4 indicate average sale prices of $287,432.20 for rural 

residential properties and $353,647.40 for farm properties. The average size of farm properties is 

78.91 acres, while the average rural residential property size is 6.14 acres.   

 

RESULTS 
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Three separate hedonic models are analyzed for both rural residential properties and farm 

properties, the results of which are provided in Table 5 and Table 6, respectively. These models 

differ in the variable accounting for turbine impacts, with these impacts accounted for by 

proximity of the property to the nearest turbine in Model 1 (measured as inverse distance), by 

visibility of the nearest turbine in Model 2 (measured based on a rating scale of 0-3), and by 

proximity, visibility, and an interaction of these variables in Model 3. With the disamenity 

effects of turbines assumed to be increasing with visibility rating as well as distance-decaying 

(hence, increasing with inverse distance), the coefficient for each variable representing turbine 

impacts is expected to be negative. However, these anticipated outcomes are not observed for 

either rural residential properties or farm properties, as the estimated coefficients are not 

statistically significant, and, in many cases, not negative. It may be the case that the relatively 

low number of observations in close proximity to turbines contributed to the relatively large 

standard errors and resulting lack of statistical significance. Hence, within the limitations of the 

data and estimation methods, significant price effects of the wind turbines in Melancthon 

Township on surrounding properties are not found. To address some of these limitations and 

their potential influence on the results, the robustness of the results of Model 1 is examined 

across a number of alternate model specifications, which include the use of alternate post-turbine 

periods, distance bands, spatial models, repeat sales models, and turbine density variables.16 

Each of these alternate specifications is discussed below, following a brief overview of the 

results of the property, location, and time variables.  

                                                 
16 Only the robustness of the results of Model 1 is described in the sensitivity analysis, as alternate specifications of 
Models 2 and 3 provide very similar results to those of Model 1. 
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The results for the remaining variables are consistent across the three models for each 

property type. The directions of the effects on price for the property and location variables 

coincide with expectations, with most coefficients being statistically significant. The lack of 

significance in the remaining coefficients may be due to correlation among variables. The 

possibility of correlated variables raises the issue of multicollinearity, which may affect the 

validity of the estimates. An examination of the variance inflation factors (VIFs) for these 

variables did not indicate any with a VIF greater than 10, which would have been cause for 

concern (Gujarati 1995).  

The results of the fixed effects variables indicate considerable variation in prices across 

townships for both property types, which may account for the influence of spatially varying 

omitted variables. The time variables indicate that prices for both property types generally 

increased from year to year, while seasonal differences are found for rural residential properties 

where prices in the last few months of the year are significantly higher than prices early in the 

year.17 

 

Sensitivity Analysis 

To account for a number of issues and limitations inherent in the approach used in our primary 

analysis, we examine several alternate model specifications. The results for each specification 

are compared to those of Model 1 for rural residential properties in Table 7 and for farm 

properties in Table 8.18 

                                                 
17 In the interest of space, the results for the fixed effects variables and sets of year and month variables are not 
included in the tables of results. They are available from the authors upon request. 
18 Only the results of the turbine variables are shown in these tables. The results for all other variables are consistent 
with those of the Model 1. 
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Given that the assumption imposed regarding the dates that the turbine effects began to 

arise – July 2005 for Phase I; March 2008 for Phase II – may be somewhat limiting, two 

alternate post-turbine period specifications are examined. First, pre-construction dates are 

specified as the points in time at which the effects began to occur: November 2004 for Phase I; 

October 2007 for Phase II. These dates coincide with project approval (Phase I) and with 

completion of ancillary activities (Phase II). Second, post-construction dates are specified: 

February 2006 for Phase I; November 2008 for Phase II. These dates coincide with the 

completion of turbine construction for the respective phases of the wind farm. The results of the 

models based on these alternate specifications are displayed in columns 2 (Pre-Construction) and 

3 (Post-Construction) of Tables 7 and 8. The results are found to be similar to those of the 

primary model for both rural residential properties and for farm properties, where no significant 

effects are observed. This suggests that the lack of significant disamenity effects observed in the 

primary models is not an artifact of the imposed assumptions for the specifications of the post-

turbine periods.  

As an alternative to the continuous specification of the proximity variable, a discrete set 

of distance bands is used to account for the disamenity effects, where variables are specified to 

account for properties sold in the post-turbine period within bands of 0-1, 1-3, and 3-5 kilometres 

from the nearest turbine. With the assumed distance-decaying nature of the turbine disamenity 

effects, the coefficients for the distance band disamenity variables are expected to be negative, 

with declining magnitudes with distance from the nearest turbine. However, as with the primary 

models, no significant disamenity effects are observed across the distance bands for either rural 

residential or farm properties (see column 4 of Tables 7 and 8). 
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The next component of the sensitivity analysis examines the issue of spatial 

autocorrelation, which can often arise in hedonic property value models. The results of Moran’s I 

tests indicate evidence of spatial autocorrelation in the data for both rural residential sales (I = 

0.0723; p < 0.0001) and farmland sales (I = 0.0893; p < 0.0001). This issue can be accounted for 

through either a spatial lag model or a spatial error model, depending on the nature of the spatial 

correlation (see Anselin 1988). Lagrange multiplier (LM) tests can be used to determine which 

model is most appropriate (Brueckner 1998). Comparisons of the LM statistics for the spatial lag 

model (rural residential: 1,309.3336; farms: 163.2084) and the spatial error model (rural 

residential: 393.3383; farms: 95.3762) suggest that the spatial lag model would be more 

appropriate for addressing this issue for both sets of data.19 This model is estimated separately 

for each property type using spatial autoregressive (SAR) models. Building on the hedonic 

model in equation (1), the SAR model is specified as: 

,jjiijjj TxWPP ερ +++=                (2) 

where  is the spatial correlation parameter and W is an n x n spatial weight matrix. This matrix 

is created based on an inverse distance specification, following a commonly used specification in 

the spatial econometric literature (Bell and Bockstael 2000), particularly for studies using micro-

level data with non-contiguous observations (Bell and Irwin 2002). In this case, a cutoff distance 

of 5 kilometres is imposed, such that the weight is equal to 1/distance between the two properties 

if the distance is less than 5 km and zero otherwise.20 

                                                 
19 However, the results are found to be consistent across both the spatial lag and the spatial error models. 
20 Due to uncertainty that typically exists regarding appropriate specification of the spatial weight matrix, Bell and 
Dalton (2007) note that sensitivity analyses are often conducted across alternate forms of this matrix. Accordingly, 
we examined the sensitivity of the results under an alternate spatial weight matrix in which the specification is based 
on the 10 nearest neighbours (e.g., Pace et al 2000). Further sensitivity analysis was conducted for each specification 
of W by adjusting the cut-off distance and the number of nearest neighbours. In each case, the results were not 
sensitive to changes in W.  
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 The results of the SAR models (column 5 of Tables 7 and 8) are similar to those of the 

primary models, where no significant effects of turbines are found. Thus, the existence of spatial 

autocorrelation does not appear to affect the nature of the results. This is not entirely surprising, 

given the fact that, as noted in Heintzelman and Tuttle (2012), incorporating spatial fixed effects 

can be analogous to the use of a spatial lag model for addressing issues arising from spatial 

autocorrelation. Hence, the use of spatial fixed effects in our primary models may reduce the 

possibility of biased estimates and, subsequently, eliminate the need to account for this bias 

through a spatial lag model. 

The existence of properties in our datasets that sold more than once during the study 

period permits a repeat sales analysis, from which the estimated disamenity effects can be 

compared with those of the full sample models. This analysis allows us to implement fixed 

effects at the parcel level rather than the township level, which may better control for omitted 

variable bias, and to examine the sensitivity of the results to an alternate geographic scale of 

fixed effects. The results of the repeat sales models, based on 2,008 sales of rural residential 

properties (935 properties) and 292 sales of farm properties (141 properties), are similar to those 

of the full sample models, where no statistically significant effects of turbines on property values 

are found (see column 6 of Tables 7 and 8).21 Similarity of results between full sample models 

and repeat sales models has previously been demonstrated in related hedonic studies on the 

effects of wind turbines (Hoen et al 2009; Heintzelman and Tuttle 2012). However, while 

supportive of our primary results, the results of the repeat sales analysis should be viewed with 

considerable caution, as the lack of significance may be due in part to limited observations in 

close proximity to turbines. For example, among rural residential (farm) properties, there are 43 

                                                 
21 These results also hold for repeat sales models based on the other three specifications of the disamenity effects 
used in the primary analysis. Further, restricting the repeat sales sample to properties that sold both before and after 
the turbines were constructed (1,150 rural residential sales; 160 farm sales) produces similar results. 
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(8) properties sold in the post-turbine period within 5 kilometres of the nearest turbine, of which 

only 10 (2) are within 1 kilometre. Hence, these numbers of observations are likely too few to 

detect significant effects, which represents a major limitation of this analysis.    

While our primary analysis focuses on disamenity effects associated with proximity to or 

visibility of the nearest wind turbine, this approach ignores the possibility of disamenity effects 

arising from the existence of multiple turbines. With 133 turbines constructed within a relatively 

localized area in Melancthon Township, properties in this area may be in close proximity to 

multiple turbines. To determine whether the number of surrounding turbines affects sale prices, 

turbine density variables are specified to account for the numbers of turbines within 2 km and 

within 5 km of each property. These density variables are incorporated into the hedonic models 

as an alternate approach to the specification of the turbine disamenity – i.e., in place of the 

proximity and visibility variables. The results of the models for each density specification 

(columns 7 and 8 of Tables 7 and 8) indicate no significant impacts of turbine density on rural 

residential or farm property values within either of these distances. Specifically, an increase in 

the number of turbines in close proximity to a property is not found to negatively impact its 

value.  

 In summary, the sensitivity analysis examines the robustness of our primary results 

across several alternate model specifications. The results across all components of the sensitivity 

analysis are consistent with those of our primary models, where no significant disamenity effects 

are found. 

 

CONCLUSION 
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In response to concerns raised by residents of Melancthon Township regarding potential effects 

of surrounding wind turbines on property values and to a lack of consensus in the related body of 

literature, this paper estimates the impacts of the Melancthon wind farm on nearby rural 

residential and farm property values. This paper adds to the growing body of literature on the 

effects of wind turbines by utilizing a hedonic approach, which has not been frequently used in 

related studies (we are aware of only three peer-reviewed studies: Sims and Dent 2007; Sims et 

al 2008; Heintzelman and Tuttle 2012), to estimate the disamenity effects of turbines on property 

values using both proximity to turbines and turbine visibility to account for these effects. In 

addition, this paper permits the comparison of effects across rural residential properties and farm 

properties, the latter of which has received little attention in the literature.  

The analysis discussed above allows us to address our primary research question: Have 

the wind turbines in Melancthon Township affected surrounding property values? The empirical 

results generated by the hedonic models, using three different measures to account for 

disamenity effects, suggest that these turbines have not impacted the value of surrounding 

properties. Further, the nature of the results, which indicate a lack of significant effects, is similar 

across both rural residential properties and farm properties. Thus, the anticipated greater effect 

on rural residential properties – due to the greater amenity value derived from the surrounding 

landscape – is not found to occur. After conducting extensive sensitivity analysis to test the 

robustness of the primary model results, these results are found to be consistent across a number 

of alternate model specifications.  

However, while the results indicate a general lack of significantly negative effects across 

the properties examined in this study, this does not preclude any negative effects from occurring 

on individual properties. In fact, a recent appraiser’s report on the impacts of Melancthon’s wind 
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turbines (Lansink 2012) found that the values of five specific properties in close proximity to 

turbines declined by up to 59%. While the set of properties examined in this study may not be 

representative of all open-market sales in close proximity to the turbines (the five properties in 

question were each purchased by Canadian Hydro Developers and resold after turbines had been 

constructed22), it provides evidence that values of specific properties may be negatively 

impacted, which supports the claims made by a number of local residents.23 Indeed, the existence 

of relatively large standard errors for some of the turbine disamenity variables suggests that some 

properties may have experienced negative impacts from proximity to turbines. Thus, the results 

of our study cannot refute the claim that values of some nearby properties have been impacted by 

wind turbines; however, they do suggest that such impacts may not occur to the same degree 

across all open-market sales of similarly situated properties (although this finding may be limited 

by the relatively low frequency of such sales). Similarly, Hoen et al (2009) noted that while 

significant effects were not found across the large set of properties examined, the possibility of 

negative impacts on individual properties could not be dismissed. 

The results discussed above are similar to those of other prior studies on the effects of 

wind turbines on property values, particularly those utilizing hedonic regressions (Hoen 2006; 

Sims and Dent 2007; Sims et al 2008). However, these results differ to some degree from those 

of the recent hedonic study by Heintzelman and Tuttle (2012), which found evidence of 

significantly negative impacts of turbines on surrounding property values. But the results of this 

study were mixed, as significantly negative impacts were only observed in two of three counties 

                                                 
22 Our dataset includes four of these properties but only two of the sales by Canadian Hydro Developers in the post-
turbine period (the other sales occurred after the study period of our analysis). However, the presence of these two 
post-turbine sales of rural residential properties, for which the nearest turbines are 200 and 800 metres away, does 
not appear to influence our results (i.e., cause estimated impacts to be significantly negative). To provide some 
context, our rural residential dataset also includes 18 other post-turbine period observations within 800 metres of 
turbines. 
23 In fact, such appraisal evidence may be used in litigation as the basis for claims of property value loss. 
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examined, while only limited significance was observed among impacts across a set of distance 

bands specified based on proximity to turbines. Hence, these results do not differ entirely from 

our results. Heintzelman and Tuttle (2012) suggested that the variation in their results across 

counties may have arisen due to heterogeneity in consumer preferences across counties. 

Similarly, this factor may have contributed to the differences that exist between their results and 

our results. These differences may also stem from similarities between Melancthon Township 

and the county in which no significant impacts were found by Heintzelman and Tuttle (2012). 

For example, the population density of this county, which was lowest among the three counties, 

is very close to that of Melancthon Township. Perhaps negative impacts are more likely to occur 

in more densely populated areas, where a relatively greater number of properties may be 

affected. It may also be the case that impacts of wind farms vary across Ontario in a similar 

manner to the regional variation observed by Heintzelman and Tuttle (2012). Thus, the 

possibility remains that significant impacts may be observed in other areas of the province with 

wind turbines. Future research could explore this possibility. 

Based on our results and on those of related studies outlined in Table 1, it is evident that, 

with the exception of the study by Heintzelman and Tuttle (2012), findings of negative impacts 

of turbines are more likely to occur for studies using surveys than for studies based on actual 

sales data. While surveys have indicated that residents often perceive that the existence of wind 

turbines within their viewshed will reduce the value of their property, such perceptions have not 

often been corroborated by analyses of sales data, perhaps due in part to data limitations with 

respect to sales in close proximity to turbines.  

The existence of limitations in the analysis undertaken in this paper should not be 

overlooked. The results generated above are based on values of properties that have been sold. 
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However, properties for which the value may be negatively impacted by turbines may not have 

been sold. For example, in the event that a property’s value is substantially reduced as a result of 

disamenities associated with nearby turbines, the owner may be unwilling (or unable) to sell at a 

loss. On a related note, as previously discussed, the relatively low number of sales of properties 

in close proximity to turbines and with visibility ratings greater than zero represents another 

potential limitation, as this may reduce the likelihood of finding significant impacts.  

The information that can be derived from the results of this paper is of applied 

importance given the ongoing expansion of the wind energy industry in North America and 

corollary concerns raised by local residents regarding disamenity effects. Indeed, a perusal of 

articles in the popular press over the past few years related to wind turbine development in 

Ontario indicates significant concerns associated with not only the resulting viewshed but also 

with health impacts, both of which could impact property values. Thus, the lack of significant 

effects of the Melancthon wind farm is somewhat surprising, given the public outcry regarding 

the construction of these turbines.  

These results also have application for related issues with municipal property tax 

assessments, as a number of property owners in close proximity to wind farms in Ontario have 

appealed their assessment on the basis of claims of negative impacts on the value of their 

property from surrounding wind turbines. However, a recent decision by Ontario’s Assessment 

Review Board ruled against property owners that had made such an appeal, citing a lack of 

evidence of adverse impacts on property value.  
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Table 1. Overview of selected literature related to wind farms and property value effects 

Author (date) Property type 
Extent of effect 

measured 
Method Findings 

Heintzelman and Tuttle 
(2012) 

Residential 0 to 10 miles Hedonic regression 
Negative effects on property values found in 

two of three areas studied 
Hoen et al (2009) Residential 0 to 10 miles Hedonic regression No conclusive evidence of effects 
Sims et al (2008) Residential 0.5 to 1 mile Hedonic regression No significant effects observed 
Sims and Dent (2007) Residential 0.5 to 4 miles Hedonic regression No impact on property values 

Hoen (2006) Residential 
Within 1 mile; 

within 5 miles 
Hedonic regression Inconclusive  

Rayner (2007) Residential Pre-construction Price comparison No impact on property values 

Poletti (2007) 
Residential & 

Agricultural 
Target area: 

turbines visible 
Price comparison No significant effects 

Poletti (2005) Residential 
Target area: 

turbines visible 
Price comparison Inconclusive 

Sterzinger et al (2003) Residential 0 to 5 miles 
Price trend 

comparison 
No impact on property values 

Krueger et al (2011) Residential 0.9 to 9 miles 
Choice experiments 

valuation 
Costs of visual disamenity decrease with 

distance of turbines from shore 
Ladenburg and 

Dubgaard (2007) 
Residential 8 to 50 km 

Choice experiments 
valuation 

Residents willing to pay to site turbines at 
greater distances from shore 

Groothuis et al (2008) Residential 
Turbines within 

viewshed 
Survey; contingent 

valuation 
Majority believe views are harmed; require 

compensation for turbines in viewshed 

Haughton et al (2004) Residential 
Turbines visible 

offshore 
Survey; contingent 

valuation 
Opinion that view is worse; decrease in 

property values 

Khatri (2004) 
Residential & 

Agricultural 
Wind farm is 

visible 
Survey of chartered 

surveyors 
Residential values decreased; no impact on 

farms 
Sustainable Energy 

Ireland (2003) 
Residential 

Turbines visible; 
5 km  

Survey of attitudes to 
local wind farms 

Little evidence of a NIMBY effect; majority 
view wind farms favourably 

Grover (2002) Residential 
Variable – 2 miles 

to 25 miles  
Survey of tax 

assessors  
No impact on property assessments 

Thayer and Freeman 
(1987) 

Residential 
Wind farm is 

visible 
Survey of attitudes 

and impressions 
Neutral or negative reaction to appearance 
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Table 2. Numbers and percentages of sales in the post-turbine period (3 specifications) within specified distance ranges of turbines
Distance from 
Nearest Turbine 

Rural Residential Properties Farm Properties 
Base Model Pre-Construction Post-Construction Base Model Pre-Construction Post-Construction 
# % # % # % # % # % # % 

0 to 1 km 23 0.42 30 0.55 18 0.33 8 0.50 9 0.57 6 0.38 
1 to 2 km 11 0.20 13 0.24 7 0.13 4 0.25 4 0.25 2 0.13 
2 to 3 km 17 0.31 19 0.35 10 0.18 7 0.44 11 0.69 4 0.25 
3 to 4 km 23 0.42 28 0.52 21 0.39 10 0.63 11 0.69 6 0.38 
4 to 5 km 29 0.54 33 0.61 23 0.42 11 0.69 17 1.07 9 0.57 
Total 103 1.90 123 2.27 79 1.46 40 2.52 52 3.27 27 1.70 

Note: Percentages represent numbers as a proportion of the total sample. 
 
 
Table 3. Numbers and percentages of sales in the post-turbine period (3 specifications) with each visibility rating
Visibility Rating Rural Residential Properties Farm Properties 

Base Model Pre-Construction Post-Construction Base Model Pre-Construction Post-Construction 
# % # % # % # % # % # % 

1 9 0.17 12 0.22 10 0.18 3 0.19 4 0.25 4 0.25 
2 19 0.35 21 0.39 13 0.24 13 0.82 15 0.94 6 0.38 
3 33 0.61 41 0.76 26 0.48 16 1.01 20 1.26 11 0.69 

Note: Percentages represent numbers as a proportion of the total sample. 
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Table 4. Description and summary statistics of variables included in the hedonic models 
Variable Description Rural Residential Properties Farm Properties 
  Mean Std. Dev. Mean Std. Dev. 
Dependent Variable 
Sale price Sale price of property ($) 287,432.20 177,151.90 353,647.40 243,045.00 
Property Variables 
Lot size Size of property (acres) 6.1390 15.1026 78.9084 41.7261 
Square footage Total floor area of the house (square feet) 1,690.0160 679.8157 1,429.5930 1,092.5450 
Bathrooms Number of bathrooms 1.7529 0.7501 1.1330 0.9635 
Fireplaces Number of fireplaces 0.4941 0.6526 0.2484 0.5513 
Pool = 1 if pool exists on property 0.0573 0.2324 
Air = 1 if house is air conditioned 0.2152 0.4110 
Quality House quality index (0-10) 6.1231 0.7145 
Building value Value of all secondary buildings on the property ($) 15,112.9700 19,881.0900 31,271.5100 51,229.0200 
Water/sewer = 1 if water and sewer services exist on property 0.7874 0.4093 
Class 1 land Total area of Class 1 land (acres) 12.4418 27.1218 
Class 2 land Total area of Class 2 land (acres) 34.8607 34.0552 
Wooded area Total wooded area (acres) 8.4696 15.5694 
Location Variables 
Commercial = 1 if property abuts a commercial property 0.0216 0.1454 
Highway Distance to nearest highway interchange (km) 51.6053 20.2351 
City Distance to the nearest city (km) 21.7040 14.1423 26.3604 14.3842 
Adjala = 1 if property is in the township of Adjala-Tosorontio 0.1745 0.3796 0.0692 0.2538 
Amaranth = 1 if property is in the township of Amaranth 0.0643 0.2453 0.0698 0.2549 
Clearview = 1 if property is in the township of Clearview 0.1655 0.3717 0.1358 0.3427 
East Garafraxa = 1 if property is in the township of East Garafraxa 0.0425 0.2017 0.0491 0.2161 
East Luther = 1 if property is in the township of East Luther Grand Valley 0.0153 0.1229 0.0308 0.1729 
Grey Highlands = 1 if property is in the township of Grey Highlands 0.1376 0.3445 0.1767 0.3816 
Melancthon = 1 if property is in the township of Melancthon 0.0600 0.2376 0.0667 0.2495 
Mono = 1 if property is in the township of Mono 0.1047 0.3062 0.0673 0.2506 
Mulmur = 1 if property is in the township of Mulmur 0.0687 0.2530 0.0503 0.2187 
Southgate = 1 if property is in the township of Southgate 0.0539 0.2259 0.1528 0.3599 
Wellington = 1 if property is in the township of Wellington North 0.1129 0.3164 0.1314 0.3380 
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Table 4. Description and summary statistics of variables included in the hedonic models (cont’d) 
Variable Description Rural Residential Properties Farm Properties 
  Mean Std. Dev. Mean Std. Dev. 
Time Variables 
Y2002 = 1 if property sold in the year 2002 0.1337 0.3404 0.1616 0.3682 
Y2003 = 1 if property sold in the year 2003 0.1431 0.3503 0.1616 0.3682 
Y2004 = 1 if property sold in the year 2004 0.1304 0.3368 0.1629 0.3694 
Y2005 = 1 if property sold in the year 2005 0.1328 0.3394 0.1447 0.3519 
Y2006 = 1 if property sold in the year 2006 0.1169 0.3214 0.1132 0.3169 
Y2007 = 1 if property sold in the year 2007 0.1356 0.3424 0.1044 0.3059 
Y2008 = 1 if property sold in the year 2008 0.0964 0.2952 0.1327 0.3394 
Y2009 = 1 if property sold in the year 2009 0.0996 0.2994 0.0189 0.1361 
Y2010 = 1 if property sold in the year 2010 0.0115 0.1064 
January = 1 if property sold in the month of January 0.0467 0.2111 0.0535 0.2250 
February = 1 if property sold in the month of February 0.0408 0.1979 0.0459 0.2094 
March = 1 if property sold in the month of March 0.0587 0.2352 0.0673 0.2506 
April = 1 if property sold in the month of April 0.0739 0.2616 0.1088 0.3115 
May = 1 if property sold in the month of May 0.0888 0.2845 0.1013 0.3018 
June = 1 if property sold in the month of June 0.1084 0.3109 0.1063 0.3083 
July = 1 if property sold in the month of July 0.1114 0.3146 0.0786 0.2692 
August = 1 if property sold in the month of August 0.1226 0.3281 0.0836 0.2769 
September = 1 if property sold in the month of September 0.0896 0.2856 0.0887 0.2844 
October = 1 if property sold in the month of October 0.1007 0.3009 0.1038 0.3051 
November = 1 if property sold in the month of November 0.0839 0.2772 0.0950 0.2933 
December = 1 if property sold in the month of December 0.0630 0.2430 0.0673 0.2506 
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Table 5. Estimated coefficients for the hedonic models for rural residential properties 
Variable Model 1 Model 2 Model 3 
 Coefficient Std Err Coefficient Std Err Coefficient Std Err 
Turbine Variables          
Proximity 0.0165  0.0187    0.1782 0.1480 
Visibility    -0.0092  0.0141 -0.0241 0.0191 
Proximity*Visibility       -0.0455 0.0488 
Property Variables         
ln(Lot size) 0.1348 *** 0.0070 0.1349 *** 0.0070 0.1348 *** 0.0070 
ln(Square footage) 0.2794 *** 0.0224 0.2787 *** 0.0224 0.2795 *** 0.0224 
Bathrooms 0.0093  0.0111 0.0094  0.0111 0.0095  0.0111 
Fireplaces 0.0598 *** 0.0096 0.0596 *** 0.0096 0.0599 *** 0.0096 
Pool 0.0704 ** 0.0277 0.0702 ** 0.0277 0.0703 ** 0.0276 
Air 0.0173  0.0157 0.0171  0.0157 0.0172  0.0157 
Quality 0.1381 *** 0.0130 0.1382 *** 0.0130 0.1378 *** 0.0130 
ln(Building value) 0.0075 *** 0.0018 0.0075 *** 0.0018 0.0075 *** 0.0018 
Location Variables          
Commercial -0.1007 *** 0.0362 -0.1008 *** 0.0362 -0.1010 *** 0.0362 
ln(Highway) -0.0620 * 0.0362 -0.0611 * 0.0362 -0.0627 * 0.0363 
ln(City) -0.0671 *** 0.0085 -0.0670 *** 0.0085 -0.0674 *** 0.0085 
          
Constant 9.2178 *** 0.2389 9.2166 *** 0.2389 9.2229 *** 0.2393 
          
R-squared 0.5654   0.5654   0.5656   
Number of Sales 5,414   5,414   5,414   
Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 
 
  

002746



40 
 

Table 6. Estimated coefficients for the hedonic models for farm properties 
Variable Model 1 Model 2 Model 3 
 Coefficient Std Err Coefficient Std Err Coefficient Std Err 
Turbine Variables          
Proximity 0.0113  0.0668    -0.7543  0.4600 
Visibility    0.0246  0.0246 0.0202  0.0319 
Proximity*Visibility       0.2478  0.1558 
Property Variables          
ln(Lot size) 0.2742 *** 0.0262 0.2743 *** 0.0262 0.2738 *** 0.0262 
ln(Square footage) 0.0366 *** 0.0087 0.0365 *** 0.0087 0.0363 *** 0.0086 
Bathrooms 0.0945 *** 0.0250 0.0944 *** 0.0250 0.0936 *** 0.0250 
Fireplaces 0.0868 *** 0.0247 0.0871 *** 0.0248 0.0883 *** 0.0248 
ln(Building value) 0.0174 *** 0.0043 0.0175 *** 0.0043 0.0174 *** 0.0042 
Water/sewer 0.0975 ** 0.0493 0.0984 ** 0.0494 0.0988 ** 0.0493 
Class 1 land 0.0035 *** 0.0005 0.0035 *** 0.0005 0.0035 *** 0.0005 
Class 2 land 0.0015 *** 0.0004 0.0015 *** 0.0004 0.0015 *** 0.0004 
Wooded area -0.0010  0.0007 -0.0010  0.0007 -0.0009  0.0007 
Location Variables          
ln(City) -0.1327 *** 0.0271 -0.1338 *** 0.0271 -0.1326 *** 0.0272 
          
Constant 10.8291 *** 0.1389 10.8328 *** 0.1389 10.8220 *** 0.1393 
          
R-squared 0.6116   0.6117   0.6127   
Number of Sales 1,590   1,590   1,590   
Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 
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Table 7. Comparison of the coefficients for the turbine variables across alternate model specifications for rural 
residential properties (standard errors in parentheses) 
 1 2 3 4 5 6 7 8 
Turbine  Primary Alternate Post-Turbine Periods Distance Band SAR Model Repeat Sales Turbine Density 
Variable Model Pre-Constr. Post-Constr. Specification    2 km 5 km 
                 
Proximity 0.0165  -0.0274  0.0058    0.0150  0.0300      
 (0.0187)  (0.0335)  (0.0192)    (0.0158)  (0.1046)      
Band 0-1 km       0.0390          
       (0.0442)          
Band 1-3 km       -0.0501          
       (0.0478)          
Band 3-5 km       -0.0452          
       (0.0513)          
Density 2 km             0.0044    
             (0.0032)    
Density 5 km               0.0001  
               (0.0008)  
                 
R-squared 0.5654   0.5655   0.5654   0.5655   0.5901   0.8098  0.5655  0.5654  

Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively.  
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Table 8. Comparison of the coefficients for the turbine variables across alternate model specifications for farm properties 
(standard errors in parentheses) 
 1 2 3 4 5 6 7 8 
Turbine  Primary Alternate Post-Turbine Periods Distance Band SAR Model Repeat Sales Turbine Density 
Variable Model Pre-Constr. Post-Constr. Specification    2 km 5 km 
                 
Proximity 0.0113  0.0183  0.0006    0.0318  -0.6112      
 (0.0668)  (0.0504)  (0.0812)    (0.0620)  (0.5570)      
Band 0-1 km       -0.0579          
       (0.1144)          
Band 1-3 km       0.0694          
       (0.0921)          
Band 3-5 km       -0.1366          
       (0.1401)          
Density 2 km             0.0019    
             (0.0092)    
Density 5 km               0.0008  
               (0.0023)  
                 
R-squared 0.6116   0.6116   0.6116   0.6122   0.6315   0.9398  0.6116  0.6116  

Note: Asterisks (***, **, *) indicate statistical significance at the 1%, 5%, and 10% levels, respectively.  
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'Ibis study investigates a common concern of 

people who live near planned or operating wind 

developments: How might a home's value be affected 

by the turbines? Previous studies on this topic, 

which have largely coalesced around non-significant 

findings, focused on rural settings. Wind facilities in 

urban I locations could produce markedly different 

results. Nuisances from turbine noise and shadow 

flicker might be especially relevant in urban settings, 

where negative features, such as landfills or high 

voltage utility lines, have been shown to reduce 

home prices. To determine if wind turbines have a 

negative impact on property values in urban settings, 

this report analyzed more than 122,000 home sales, 

between 1998 and 2012, that occurred near the 

current or future location of 41 turbines in densely­

populated Massachusetts communities. 

The results of this study do not support the claim 

that wind turbines affect nearby home prices. 

Although the study found the effects from a variety 

of negative features (such as electricity transmission 

lines and major roads) and positive features (such 

as open space and beaches) generally accorded with 

previous studies, the study found no net effects due to 

the arrival of turbines in the sample's communities. 

Weak evidence suggests that the announcement 

of the wind facilities had a modest adverse impact 

on home prices, but those effects were no longer 

apparent after turbine construction and eventual 

operation commenced. The analysis also showed no 

unique impact on the rate of home sales near wind 

turbines. These conclusions were the result of a 

variety of model and sample specifications detailed 

later in this report. 

Figure 1: Summary of Amenity, Disamenity and Turbine Home Price Impacts 

11111111 • • • 
• Statlstlc:ally Significant Effect 

Statistically Insignificant Effect 

Landfills* -12.2% 

Electricity Transmission Lines** -9.3% 

Highways** -5.3% 

Prisons* -2.0% 

Major Roads** -2.0% 

Operating Turbines* 0.5% , 
·-. -· ---- ----·- -- --·· ·· ········ -· ·· ' ····•··•······-- ------------·····•··---·········· _._ .. _ .............. _______________ ,, __ _!_ 

·-·'jS(X) ··10% .,50/i) 001c) 5% 10% 15% 20% 25% 

Distance to MA Homes: • within 112 mile; •• within 500 feet 

'!he term "urban" in this document includes both urban and 
suburban areas_ 
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Wind power generation has grown rapidly in recent 

decades. In the United States, wind development 

centered initially on areas with relatively sparse 

populations in the Plains and West. Increasingly, 

however, wind development is occurring in more 

populous, urbanized areas, prompting additional 

concerns about the effects of wind turbine 

construction on residents in those areas. 

One important concern is the potential for wind 

turbines to create a "nuisance stigma" - due to 

turbine-related noise, shadow flicker, or both- that 

reduces the desirability and thus value of nearby 

homes. Government officials who are called on to 

address this issue need additional reliable research 

to inform regulatory decisions, especially for 

understudied populous urban areas. Our study 

helps meet this need by examining the relationship 

between home prices and wind facilities in densely­

populated Massachusetts. 

A variety of methods can be used to explore the 

effects of wind turbines on home prices. Statistical 

analysis of home sales, using a hedonic model, is the 

most reliable methodology because it (a) uses actual 

housing market sales data rather than perceptions of 

potential impacts; (b) accounts for many of the other, 

potentially confounding, characteristics of the home, 

site, neighborhood and market; and (c) is flexible 

enough to allow a variety of potentially competing 

aspects of wind development and proximity to be 

tested simultaneously. Previous studies using this 

hedonic modeling method largely have agreed that 

post-construction home-price effects (i.e., changes 

in home prices after the construction of nearby wind 

turbines) are either relatively small or sporadic. A few 

studies that have used hedonic modeling, however, 

have suggested significant reductions in home prices 

after a nearby wind facility is announced but before it 

is built (i.e., post-announcement, pre-construction) 

owing to an "anticipation effect:' Previous research 

in this area has focused on relatively rural residential 

areas and larger wind facilities with significantly 

greater numbers of turbines. 

This previous research has done much to illuminate 

the effects of wind turbines on home prices, but 

a number of important knowledge gaps remain. 

Our study helps fill these gaps by exploring a large 

dataset of home sales occurring near wind turbine 

locations in Massachusetts. We analyze 122,198 

arm's-length single~family home sales, occurring 

between 1998 and 2012, within 5 miles of 41 wind 

turbines in Massachusetts. The home sales analyzed 

in this study occurred in one of four periods based 

on the development schedule of the nearby turbines 

(see Figure 2). 2 To estimate the effect proximity 

to turbines has on home sale prices, we employ a 

hedonic pricing model in combination with a suite 

of robustness tests.i that explore a variety of different 

model specifications and sample sets, organized 

around the following five research questions: 

2 The analysis focuses on the 4 l turbines in Massachusetts that are 
larger than 600 kilowatt and that were operating as of November 
2012. 

J 'Ihese tests included a comparison of a "base" model to a set of 
different models, each wilh slightly different assumptions, to 
explore the robustness of the study's findings. 
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Figure 2: Wind Turbine Development Periods Studied 

Report Compares Transactions That Each Took 
Place in One of Four Development Periods 

I • w ~ 

> 2 years before 
turbine announcement 

I ,j, 
-ff 

I 

Within 2 years of 
turbine announcement 

Ql) Have wind facilities in Massachusetts been 

located in areas where average home prices 

were lower than prices in surrounding areas 

(i.e., a "pre-existing price differential")? 

Q2) Are post-construction (i.e .• after wind-facility 

construction) home price impacts evident 

in Massachusetts and how do Massachusetts 

results contrast with previous results 

estimated for more rural settings? 

Q3) Is there evidence of a post-announcement/ 

pre-construction effect (i.e., an "anticipation 

effect")? 

After turbine 
announcement/before 

construction ' After turbine 
construction begins 

Q4) How do impacts near turbines compare to the 

impacts of amenities and disamenities also 

located in the study area, and how do they 

compare with previous findings? 

QS) Is there evidence that houses near turbines 

that sold during the post-announcement and 

post-construction periods did so at lower 

rates (i.e., frequencies) than during the pre­

announcement period? 
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The study makes five major unique contributions: 

1. It uses the largest and most comprehensive 

dataset ever assembled for a study linking wind 

facilities to nearby home prices.4 

2. It encompasses the largest range of home sale 

prices ever examined. 5 

3. It examines wind facilities in urban areas 

(with relatively high-priced homes), whereas 

previous analyses have focused on rural areas 

(with relatively low-priced homes). 

4. It largely focuses on wind facilities that contain 

fewer than three turbines, while previous studies 

have focused on large-scale wind facilities (i.e., 

wind farms). 

5. Our modeling approach controls for seven 

environmental amenities and disamenities 

in the study area, allowing the effect of wind 

facilities to be compared directly to the effects 

of these other factors. 

1he models perform exceptionally well given the 

volatility in the housing market during the study 

period, with an adjusted-R2 of approximately 0.806 

4 Four of the most commonly cited previous studies {Carter, 201 l; 
Heintzelman and 'Juttle, 2012; Hinman, 2010; and Hoen et al., 
2011) analyzed a co111bi11ed total of 23,977 transactions, whereas 
lhe present study analy1.cs more than five times that number. 

5 Existing studies analyzed the impact of wind turbines on homes 
with a median price of kss than $200,fJOO, whereas the current 
study examines houses with a median price of $265,000 for the 
122,198 observations located within 5 miles of a wind turbine 
(with values ranging from $40,200 to $2,495,000). 

6 In stati,lk's, lhe cocHicicnt of <lctcnninalion, denoted R' 
{pronounced "R squared"), indicates how well data points fit 
a line, curve or, in our case, a regression estimation. An R' of l 
indkatcs that the regression line perfectly fits the data. 

and highly statistically significant7 and appropriately 

signed controlling parameters (e.g., square feet, 

acres, and age of home at the time of sale), The 

amenity and disamenity variables (proximity to 

beaches, open space, electricity transmission lines, 

prisons, highways, major roads, and landfills) are 

significant in a large portion of the models and 

appropriately signed-indicating that the models 

discern a strong relationship between a home's 

environment and its selling price-and generally 

accord with the results of previous studies. To test 

whether the results of the analysis would change if 

the model was specified in a different way, or run 

using a differently-specified dataset, we ran a suite 

of robustness tests. 1he results generated from 

the robustness tests changed very little, suggesting 

that our approach is not dependent on the model 

specification or the data selection. 

The results do not support the claim that wind 

turbines affect nearby home prices. Despite the 

consistency of statistical significance with the 

controlling variables, statistically significant 

results for the variables focusing on proximity 

to operating turbines are either too small or too 

sporadic to be apparent. Post-construction home 

prices within a half mile of a wind facility are 0.5% 

higher than they were more than 2 years before 

the facility was announced (after controlling for 

7 Statistical significance allows one to gauge how likely sample 
data are to exhibil a definitive pattern rather than, instead. have 
occurred by chance alone. Significance is denoted by a p-value 
(or "probabilit}"' value) which can range between O and I. A very 
low p-valuc, for example <0.00 I, is considered highly unlikely (in 
this case with a probability of less than 0.l %) to have occurred 
by chance. ln general. an appropriate p-value is chosen by the 
researchers consistent with the area of research being conducted, 
under which results are considered "significant" and over which 
are considered "non-significant", For the purposes of this research, 
a p-value of 0.10 or below is considered "statistically signi1icanl''. 
with p-values between 0, IO and 0.05 being "weakly sMistically 
significant'; between 0.05 and 0.01 being "significant': and below 
0.01 being "highly statistically significant''. 
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What Is a Hedonic 
Pricing MQdel? 
Hedonic pricing models are frequently use41:iy economists 

and· real estate .. professionals•.to assess the iinpicts ()fhbµse•·· •. 

and. .community ····.·characteri;ti.cs ...•. ·011·.· ... •··.•rroperty·······values·········by.•·.···· 

investigati11gthe s,tles prices of homes. A h~us~ .. canibe 

thought of as a bu11dle of characteristics(e.g., nun1berof 

square feet, number of bathrnoms,the. size.ofthe parcel}. 

When a price is agreed upon bya buyer ancl seller there isa,1 · 
implicit .understanding.tliatthosecharlcterJ~tii~ 1iJve val~e/ . . 

vVhen data from. alargenun1ber.ofreside11tialtra~sa~tiori~.·.···· ... 

·are available, .the···1nclividual marginal cot1t1:iblltioh t0. •. the•·••· 

sales price of each characteristicfor an averagehomecan. 

be estimated with .. a. hedonic regressiori 111ode1. such .a 
model can statistically estimate, for example,Jww mµc~ .in 

additional·· .. batl1room ···adds .to.•the sale pjic~·of an aveiage·· 

home. A particularlyiusefur•• .. applic~ti()Il o{the hedohic\ 

model is to value non-market goods goods Jhit do l)()t . 
have transparent and observable. market prkes. For 1111s 

reason, the hedonic 111odd .is often used t; derive value > 
estimates of amenities such as wetlands or.Jak~ vi~irs, 

and · .. disamenities •.•• such .•• ·.•as··· proxiJnity .• to\a11d/or .• ivie~.s./of ··• .. · • 

·.high. ·.voltage ... transmission Hnes, 1-oads,i•.ceU ])ho\ietow.ers •. / .•••••.•... 
. landfills, •.It shotlld be· .. emphasized that the hecloriic; model···• ... 
is .not typkally···designed .•..• toiappiais6)J>roperties h.e.,<to · 

establish .an estimate ofthefoarket.value ofone .•. home)ata< .· 

specified point in.tilne)as. Wou1cl••.a oanka~pra.isa1, .• »'}1ich )•··· 

would. generally .. be only applicableJo thatp~rti~ularJ19n1s,> ·.· 

Instead, the typicil goal bfaJiedonic)u.bclelis to a~cJrit~ly· 

estimate .the margi11al co11tiibutio11 of .. indiyid~ale>{grollps·•·•········ 

of characteristics across a set of homes, whicl1, in general, .. 

allows stakeholders to understand jf widely applicable 

relationships ~xist. 

market inflation/deflation). This difference is not 

statistically significant Post-announcement, pre­

construction home prices within a half mile are 

2.3% lower than their pre-announcement levels 

(after controlling for inflation/deflation), which 

is also a non-significant difference, though one of 

the robustness models suggests weak evidence that 

wind-facility announcement reduced home prices. 

An additional tangential, yet important, result of 

the analysis is the finding of a statistically significant 

"pre-existing price differential": prices of homes 

that sold more than 2 years before a future nearby 

wind facility was announced were 5.1 % lower than 

the prices of comparable homes farther away from 

the future wind location. This indicates that wind 

facilities in Massachusetts are associated with areas 

where land values are lower than the surrounding 

areas, and, importantly, this "pre-existing price 

differential" needs to be accounted for in order to 

correctly measure the "post construction" impact of 

the turbines. Finally, our analysis finds no evidence 

of a lower rate (i.e., frequency) of home sales near 

the turbines. 

As discussed in the literature review, the effects 

of wind turbines may be somewhat context 

specific. Nevertheless, the stability of the results 

across models and across subsets of the data, 

and the fact that they agree with the results of 

existing literature, suggests that the results may be 

generalizable to other U.S. communities, especially 

where wind facilities are located in more urban 

settings with relatively high-priced homes. These 

results should inform the debate on actual impacts 

to communities surrounding turbines. Additional 

research would augment the results of this study 

and previous studies, and our report concludes with 

recommendations for future work. 
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Growing concern about global climate change and 

energy security are prompting reconsideration of 

how energy-particularly electricity-is generated, 

transmitted, and consumed in the United States 

and across the globe (Ekins, 2004; Devine­

Wright, 2008; Pasqualetti, 2011). Internationally, 

greater use of renewable wind energy to mitigate 

the threat of climate change has broad-based 

support, primarily because, once facilities are 

constructed, wind power emits no greenhouse 

gases (Hasselmann et al., 2003; Watson, 2003; 

Jager-Waldau and Ossenbrink, 2004). Many 

jurisdictions have set ambitious renewable energy 

goals, targeting 20% to 33% of their electricity to 

be generated by renewable sources by 2020 (see 

for example, the European Union target of 20% 

EU, 2012 and California's updated RPS goal of 

33%). Wind energy offers several advantages over 

other low-emission alternatives such as nuclear 

power and large-scale hydropower projects, but 

the siting of wind projects remains controversial 

in many countries (Firestone and Kempton, 2007; 

Moragues-Faus and Ortiz-Miranda, 2010; Nadai 

and van der Horst, 2010; Wolsink, 2010). 

Figure 3: Map of Massachusetts Turbines included in study (through November 

2012) and U.S. Wind Turbines through 2011 and population densities 

Population Density in US and Massachusettes (2005 pop per sq. mile) 

Legend 

+ Turbines 

Counli&s 

POP05_SQMI 

LJ<20 

-N~ket 

o 20 40 80 Miles 

Source: Lawrence Berkeley National Laboratory, FAA, Ventyx, US Census Bureau, MassCEC 
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In the United States, large-scale wind installations 

have tended to be built in sparsely populated 

locations in the Plains and West (Figure 3). Given 

that many existing turbines have been located 

in fairly rural areas, opposition to wind power 

has largely been attributed to concerns about 

the transformation of natural landscapes into 

"landscapes of power" (Pasqualetti et al., 2002 p. 3). 

Some have extended this place-based perspective 

and framed the wind-energy debate as being a 

new kind of environmental controversy, which 

divides environmentalists of different persuasions 

who attach contrasting priority to global and local 

concerns (see for example Warren et al., 2005). 

Others have delved more deeply into the discourse 

surrounding renewable energy projects in general, 

and wind-energy projects specifically, and pointed 

out that, depending on the narrative, they can be 

portrayed as representing either development or 

conservation, localization or globalization (van dcr 

Horst and Vermeylen, 2011), 

Regardless of what is driving community attitudes 

towards wind power, government at all spatial scales 

needs to navigate the complex political terrain of 

introducing public policies that reduce carbon 

emissions and fossil fuel dependency in ways that 

simultaneously protect private property rights and 

meet with the community's approval (Jepson et al., 

2012; Slattery et al., 2012). As such, one of the roles 

of government is to support independent research 

to characterize and communicate the potential 

impacts that public policy decisions, for example for 

wind facilities, may have on the price of surrounding 

private property. Existing studies of the effect that 

wind turbines have had on the price of residential 

properties have tended to focus on large-scale 

wind farms located in rural settings, because this is 

where the majority of projects have been developed. 

To date, no large-scale studies have focused on 

smaller-scale facilities in more urban settings, 

but Massachusetts affords such an opportunity. 

Massachusetts also has relatively high-priced homes 

near turbines compared to homes near turbines in 

other, less urban parts of the country. 

Massachusetts has regions with substantial wind 

resources and strong policies that support the 

adoption of clean energy. Its first utility-scale ( 600 

kW and larger) wind turbine was installed in Hull 

in 2001. Since then, wind generation capacity 

has increased substantially. As of January 2013, 

Massachusetts had 42 wind projects larger than 100 

kW, consisting of 78 individual turbines totaling 99 

MW of capacity. This compares to less than 3 MW 

in Rhode Island and Connecticut combined (Wiser 

and Bolinger, 2012). Turbines have been located in 

a variety of settings across the state, including the 

mountainous Berkshire East Ski Resort, heavily 

urbanized Charlestown, and picturesque Cape Cod. 

The average gross population density surrounding 

the Massachusetts turbines (approximately 416 

persons per square mile, based on 2005 population 

levels and turbines as of 2012) far exceeds the 

national average of approximately 11 persons per 

square mile around turbines (Hoen, 2012). 

In this study, we analyze the effect of Massachusetts' 

wind turbines larger than 600 kilowatts (kW) of 

rated capacity on nearby home prices to inform the 

debate about the siting and operation of smaller­

scale, wind projects across a broad range ofland use 

types in high-home-value areas of the United States. 

Our study makes five major unique contributions: 
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1. It uses the largest and most comprehensive 

dataset ever assembled for a study linking wind 

facilities to nearby home prices. 8 

2. It encompasses the largest range of home sale 

prices ever examined.9 

3. It examines wind facilities in areas across a range 

ofland use and zoning types from rural to urban/ 

industrial (with relatively high-priced homes), 

whereas previous analyses have focused on rural 

areas (with relatively low-priced homes). 

4. It largely focuses on wind facilities that contain 

fewer than three turbines, while previous studies 

have focused on large-scale wind facilities. 

5. Our modeling approach controls for seven 

environmental amenities and disamenities 

8 Four of the most commonly cited previous studies (Carter, 2011; 
Heintzelman and 'I\tttle, 2012; Hinman, 2010; and Hoen et al., 
2011) analyzed a combi11e,i total of 23,977 transactions, whereas 
the present stud y analyzes more than five times that number. 

9 Existing .studies analyzed the impact ot wind turbines on homes 
with a median price of less than $200,000, whereas the current 
study examines houses with a median price of $265,000 for the 
122, l 98 observations located within 5 miles of a wind turbine 
(with values ranging from $40,200 to $2,495,000) and a median 
price for the 312,674 observations located within 10 miles of a 
wind lurbinc of $287,000 (with values ranging from $41,100 to 
$2,499,000). 

in the study area, allowing the effect of wind 

facilities to be compared directly to the effects 

of these other factors. 

1he remainder of this report is organized as follows. 

The next section (Section 2) reviews literature 

related to public opposition to and support for wind 

turbines, the hypothetical stigmas associated with 

turbines near homes, policies and guidelines which 

address the siting and operation of wind facilities, 

ways to quantify whether turbines are a disamenity, 

and the impact on home values of other types 

of environmental amenities and disamenities­

followed by a discussion of gaps in the literature. 

Section 3 presents our empirical analysis, including 

descriptions of the study area, data, methods, and 

results. The final section (Section 4) discusses the 

findings, provides preliminary conclusions, and 

offers suggestions for future research. 
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2.1 Public Acceptance of and 
Opposition to Wind Energy 

mrrr~~..,,;r,;0.K'~~~~,RW~~~a~~~~&""&&~ 

Wind energy is one of the fastest growing sources 

of power generation in the world, and public and 

political support for it are generally strong (Ek, 

2005; Graham et al., 2009). Despite this strong 

support, the construction of wind projects provokes 

concerns about local impacts (Toke et al., 2008; 

Jones and Eiser, 2009; Devine-Wright and Howes, 

2010; Jones and Eiser, 2010; Moragues-Faus and 

Ortiz-Miranda, 2010; Wolsink, 2010; Pasqualetti, 

2011). Thus, some researchers have studied the 

factors shaping public attitudes toward wind 

energy and renewable energy technologies in 

general (see for example Devine-Wright, 2005; 

Firestone and Kempton, 2007; Pedersen et al., 

2007; Wolsink, 2007; Devine-Wright, 2009; Jones 

and Eiser, 2009; Devine-Wright and Howes, 2010; 

Jones and Eiser, 201 O; Swofford and Slattery, 201 O; 

Brannstrom et al., 2011; Devine-Wright, 2011). 

Others have downplayed the importance of local 

opposition to wind energy in hindering wind's 

expansion, pointing instead to hindrances related 

to institutional barriers, such as how wind energy 

projects are funded, and the heavy handedness of 

"legislate, announce, defend" approaches to siting 

turbines (Wolsink, 2000). 

In the early stages of wind development, opposition to 

wind turbines was often simplistically conceptualized 

as NIMBY-ism, with NIMBY ("not in my backyard") 

referring to people opposing the local installation 

of technologies they otherwise support in principle 

(Devine-Wright, 2005; Wolsink, 2007; Devine-Wright, 

2009). More recently, researchers have suggested that 

the factors shaping public sentiment towards renewable 

energy technologies are much more complex than 

the concept of NIMBY-ism suggests. Of note is the 

quantitative research aimed at understanding public 

attitudes towards wind farms in the Netherlands 

conducted by Wolsink (2007). His work, and the 

work of others (e.g., Devine-Wright, 2012), which is 

grounded in theories from social psychology, found 

that public attitudes towards wind projects were shaped 

by perceptions of risk and equity. Based on these 

findings, Wolsink concluded that a collaborative­

rather than a "top-down" - approach to siting wind 

farms was the most likely to produce positive outcomes. 

These findings were echoed in an examination of 

public attitudes towards wind turbine construction 

in Sheffield, England, where researchers found little 

evidence of NIMBY-ism in respondents living close to 

proposed developments compared to a control group 

(Jones and Eiser, 2009). Rather, opposition could be 

attributed to uncertainty regarding the details of the 

facilities being constructed, which underscores the 

impm1ance of continued and responsive community 

involvement in siting wind turbines. 

Some researchers have studied whether communities 

are more accepting of wind turbines if the facilities are 

community owned (Warren and McFadyen, 2010). 

Comparing attitudes towards wind farms on two 

islands in Scotland, one community owned and one 

not, the researchers discovered that residents near the 

community owned facilities had a much more positive 

perception of the facilities. Locals affectionately 

referred to their wind turbines as "The Three 

Helat io nid1ip between Wind Turbines and t~esid,rntia l Property Villues in Massachusetts 
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Dancing Ladies;' which the researchers interpreted 

as indicating the positive psychological effects of 

community ownership. Warren and McFadyen (2010) 

concluded that a change of development model 

towards community ownership could improve public 

attitudes towards wind farms in Scotland. 

Another strand of research has focused on community 

perceptions before and after wind-facility construction. 

Some studies showed that local people become more 

supportive of wind facilities after they have been 

constructed (Wolsink, 2007; Eltham et al., 2008; Walker 

et al., 2010) and that the degree of support increases 

with proximity to the facilities (Braunholtz and MORI, 

2003; Warren et al., 2005; Slattery et al., 2012). 

2.2 Hypothetical Stigmas 
Associated with Wind Turbines 

lri!E'"'.4&'.41~fi~lf£-di.~i:;;!i,:ig~~,d(f'~jj'~~~:Jf~D-hb~~ 

To understand the basis of public opposition to 

wind facilities, researchers have hypothesized the 

existence of three types of stigma that might be 

associated with these facilities (Hoen et al., 2011 ). 

An "area stigma" would be a concern that wind­

turbine construction will alter the rural sense of 

place; this resonates with the suggestion made by 

Pasqualetti et al. (2002) that people object to the 

creation of "landscapes of power." This is distinct 

from a "scenic vista stigma;' the possible concern 

that homes might be devalued because of the view 

of a wind facility. Finally, a "nuisance stigma" would 

be associated with people located near turbines 

who might be affected by the turbines' noise and 

shadow flicker, 10 which fade quickly with distance. 

Our study focuses on the potential existence of a 

nuisance stigma by searching for turbine-related 

10 Shadow llkkcr occurs when the sun is behind rotating turbine 
blades and produces an intermittent shadow. 

impacts on the sale of homes located a short 

distance away. However, if they exist, the effects of 

all three stigma types hypothetically could interact, 

and all are described briefly below. 

The spatial and temporal combinations of community 

and wind-facility characteristics that might produce 

one or more of these stigmas are not entirely clear. 

Theoretically, an area stigma would have the largest 

geographic impact, although its exact reach would 

depend on the spatial distribution and types of land 

use in the surrounding area. In their comprehensive 

analysis, Hoen et al. (2009, 2011) were unable to 

uncover area stigma effects across their large set of U.S. 

wind facilities. Recent research has suggested, however, 

that this type of stigma depends on the "place identity" 

oflocal residents (Pedersen et al., 2007; Devine-Wright, 

2009; Devine-Wright and Howes, 2010). For those who 

view the countryside as a place for economic activity and 

technological development or experimentation, which 

is potentially consistent with the locations studied in 

Hoen et al. (2009, 2011), wind turbines might not carry 

a stigma because they could represent a new use for 

the land, and the turbine sounds and sights might be 

insignificant in the context of existing machinery and 

land practices. Conversely, rural residents who view the 

countryside as a place for peace and restoration might 

oppose turbines even if they do not live near them. The 

"place identity" of the landscape likely varies among 

wind facility- locations and among individuals in those 

locations, making some local residents more accepting 

of turbines than others. 

Acceptance of turbines might also relate to their 

economic benefits. For example, a study in West 

Texas and Iowa found that community members 

had positive impressions oflarge-scale wind facilities 

built to generate long-term social and economic 

benefits, including creation of a local industry that 
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brought jobs and increased property values as well as 

increased tax revenue that benefited the community 

and schools (Slattery et al., 2012; Kahn, 2013). These 

findings conform to other research suggesting that 

equitable distribution of economic benefits is a key 

method of increasing local support for turbines 

(Pasqualetti et al., 2002) and that the perception of 

how tax benefits will be shared locally can influence 

people's acceptance of wind projects (Toke, 2005; 

Brannstrom et al., 2011). Economic factors appear 

to be more of a consideration where the economy 

is perceived to be in decline (Toke et al., 2008); this 

finding is echoed in studies of other environmental 

disamenities that show that communities are more 

willing to accept facilities if jobs are associated with 

them (Braden et al., 2011 ). Many of these studies were 

conducted in rural areas, thus their findings may 

not be generalizable to more urban settings, where 

community reactions might be entirely different. 

Similarly, if a scenic vista stigma exists, it might have 

different levels of impact depending on wind-facility 

locations, the place identity of nearby residents, and 

the distance of residents from the turbines. Hoen et 

al. ( 2009, 20 11) meticulously examined effects from 

views of turbines at many difterent spatial scales and 

predicted levels of impacts in rural areas, but they 

found no evidence of impacts to support the scenic 

vista stigma claim. However, an urban setting might 

connote different landscape values and therefore 

generate different reactions to turbines and produce 

different effects on home values. For example, Sims et al. 

(2008) found weak evidence that a house's orientation 

to a wind facility (and therefore the prominence of the 

view of the turbines) affected its sales price in Cornwall, 

United Kingdom, an area of relatively high population.11 

11 As of 20 l l, Cornwall had a population density uf390 persons per 
square mile. (See http://cn.wikipedia.org/wiki/Cornwall) 

More than the other stigma types, any potential wind­

related nuisance stigma would depend on the dose 

proximity of residents to turbines and likely would 

have the most constrained spatial scale. Two studies 

in Germany evaluated more than 200 participants 

living near wind turbines with regard to shadow 

flicker exposure, stress, behaviors, and coping and 

found that stress levels and annoyance increased the 

closer people were to wind turbines in all directions 

(Pohl et al., 1999, 2000). Similarly, wind turbine 

noise, which is less direction dependent than shadow 

flicker, might have an even greater impact on stress 

levels. Studies have shown that residents experience 

genuine annoyance and stress responses to "normal" 

turbine noise levels (Pedersen and Waye, 2007), 

perceiving the noise as an intrusion into their space 

and privacy, especially at night (van den Berg, 2004; 

Pedersen et al., 2007) and when the turbines can 

be seen (Pedersen and Waye, 2007). Governments 

around the world have addressed potential turbine­

related nuisances via regulations and guidelines, 

which are discussed in the next subsection. 

2.3 Policies and Guidelines 
Which Address the Siting and 
Operation of Wind Facilities 

Noise is the most prominent potential nuisance 

associated with wind turbines and thus has been 

the focus of much regulatory effort. The quality and 

magnitude of sound produced by turbines results 

from the complex interaction of numerous variables, 

such as the size and design of the turbine as well as the 

wind speed and direction, temperature gradients that 

affect wind turbulence, and vertical and directional 

wind shear (Hubbard and Shepherd, 1991; Berglund 

et al., 1996; Oerlemans et al., 2006; Pedersen et al., 

2010; Bolin et al., 2012; Wharton and Lundquist, 

2012). For practical purposes, governments, both here 
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in the U.S. and abroad, at a variety of spatial scales 

have tended to adopt setback metrics for the distance 

between a wind turbine and housing as a proxy for 

noise limits (NARUC, 2012). Very few countries have 

mandatory turbine setback distances beyond what 

would be required for safety in the event of a collapse 

(and therefore 1-1.5 times the turbines' height), nor 

do they often impose mandatory limits to shadow 

flicker; they do often have mandatory or. at least, 

stronger regulation of noise. 

Although there is no worldwide standard limit for 

noise associated with wind turbines (Haugen. 2011), 

many European countries base their regulations on 

recommended noise limits published by the World 

Health Organization (WHO) Regional Office for 

Europe (WHO, 201 l). The WHO recommends noise 

limits of 40 (A-weighted) decibels dB(A) for the average 

nighttime noise outside a dwelling, which translates to 

a noise limit of 30 dB(A) inside a bedroom. 11 These 

limits are based on noise levels that do not harm a 

person's sleep. Above these limits, it is believed. people 

have a lower amount and quality of sleep. which can 

lead to major health issues (WHO. 2011). 

In the United States, turbine sound and setback 

regulation is limited: only "a handful of states have 

published setback standards, sound standards, or 

both" (NARU C, 2012, p. 15). Ten states have published 

voluntary guidelines for wind siting and zoning, and 

five have published model ordinances intended to 

guide local governments. Similar to other countries, 

required or recommended setbacks vary widely from 

state to state, both in terms of the distances cited and 

l 2 A-weighted decibels abbreviated to dBa, dllA or dB(a). arc an 
expression of the relative loudness of sounds in air as perceived 
by the human ear. In the A-weighted system, the decibel values 
of sounds at low frequencies are reduced, compared with 
unweighted tkdbcls, in which no correction is made for audio 
frequency (http:l /whatis. tcchtargct.com) 

the legal weight they carry (some are formal limits 

while others are merely guidelines). 

In Massachusetts, the Model Wind Bylaw and the 

Massachusetts Department of Environmental 

Protection (MADEP) Noise Policy provide guidelines 

and regulatory standards respectively for the siting 

and operation of wind facilities to address public safety 

and minimize local impacts. The former provides 

some guidance on setbacks from the nearest existing 

residential or commercial structure using a multiple 

(e.g .• 3 times) of blade tip height (BTH) (i.e., the hub 

height plus the length of the blade) as a means to 

determine the project specific setback.13 However, all 

of the wind turbines in the state have been permitted 

at the local level, with varying degrees of adherence to 

the guidance, while still others were permitted prior 

to the Model Bylaw's preparation, and still others have 

had few structures near the turbines from which to 

setback. Therefore, in practice, setbacks to the nearest 

structure have varied from as much as 4,679 feet (0.89 

miles, 24.4 x BTH) to as little as 520 feet (0.1 miles, 1.3 

x BTH), with an average Massachusetts project being 

1,925 feet (0.36 miles, 5.9 x BTH) (Studds, 2013). 14 

Because, in part, of the variety of ways in which the 

guidelines have been applied, setbacks remain one 

of the more controversial aspects of wind-facility 

siting. Also, adding to the controversy are the results 

of one recent study of two wind facilities in Maine 

that claimed noise effects are experienced as far as 1.4 

kilometers (4,590 feet, 0.87 miles) from the turbines 

(Nissenbaum et al., 2012). 

13 MA EEA/DOER Model Wind Bylaw. Accessed on J/23/12 from: 
http://www.mass.gov/cca/ docs/ doer/ gca/wind· not· by· right -bylaw­
junc 13-20 l l.pdf. The Executive Office of Environmental Affairs, 
Department of Environmental Quality Engineering, Division of Air 
Quality Control. ''DAQC Policy 90-00 l;' Felm1ary l, l 990. 

14 These setbacks do not include structures of participating 
landowners, that either might own the turbine, or are being 
compensated by the turbine owner. 
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Finally, in response to noise concerns, wind­

technology developers are investigating numerous 

ways to suppress noise including passive noise 

reduction blade designs, active aerodynamic load 

control, new research on inflow turbulent and 

turbine wakes, low-noise brake linings, and cooling 

fan noise mufflers (Leloudas et al., 2009; Wilson et 

al., 2009; Barone, 2011; Petitjean et al., 2011), some 

of which have been shown to lower annoyance when 

applied (Hoen et al., 2010; Hessler, 2011). How these 

strategies might eventually affect setback and noise 

regulations and guidelines is unclear. 

For the purposes of this study, suffice it to say that 

wind turbine setbacks vary, and they are often smaller 

than the distances at which (at least some) turbine 

noise effects have been claimed lo exist. If a resulting 

nuisance stigma exists near turbines, it should be 

reflected in nearby home prices. By evaluating the 

relationship between wind turbines and home prices 

this study might help inform appropriate setbacks and 

noise recommendations in Massachusetts. 

2.4 Methods to Quantify Whether 
Wind Turbines are a Disamenity 

~~4<.._~..wPffiA~~~ 

If a wind turbine near homes does produce a 

meaningful stigma, it could be considered a 

disamenity similar to other disamenities such as 

proximity to electricity transmission lines and major 

roads. A variety of research techniques can be used 

to determine the impact of wind energy projects 

on residential properties, including homeowner 

surveys, expert surveys (such as interviewing real 

estate appraisers), and statistical analysis of property 

transactions using cases studies or the well-established 

method of hedonic modeling (see e.g., Jackson, 

2003). The latter technique is firmly established in the 

literature as the most reliable approach to determining 

the impact of a particular development on property 

prices, because it (a) uses transactions data that 

reflect actual sales in the housing market rather than 

perceptions of potential impacts; (b) controls for a set 

of potentially confounding home, site, neighborhood 

and market influences; and, (c) is flexible enough 

to allow a variety of potentially competing aspects 

of wind development and proximity to be tested 

simultaneously (Jackson, 2001). 

An extensive meta-analysis of studies that had 

quantified the effect of environmental amenities 

and disamenities found that the use of case study 

techniques provide larger estimates of property losses 

associated with environmental disamenities than 

regression studies using hedonic models (Simons 

and Saginor, 2006). Simons and Saginor attributed 

this differential to the fact that case studies may be 

subjective based on the case researche1; and they argue 

that case study observations may even have been 

chosen because of their dramatic, atypical conditions. 

Surveys, which were generally based on respondents' 

estimates of impacts, were considered to sufter from 

similar bias due to the subjectivity of respondents and 

their potential lack of effect-estimation expertise. 

The hedonic-modeling approach is based on the 

idea that any property's sales price is composed of a 

bundle of attributes, including the characteristics of 

the individual property and its location (Rosen, 1974). 

Sales can be compared to one another, taking into 

account the effects of time (i.e., inflation/deflation), to 

determine the value of any specific attribute (Butler, 

1982; Clapp and Giaccotto, 1998; Jackson, 2001; 

Simons and Saginor, 2006; Jauregui and Hite, 2010; 

Kuminoff et al., 2010; Zabel and Guignet, 2012). 

The approach has been used extensively to 

quantify the effects of public policies (specifically 
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infrastructure) on home prices by examining the 

value associated with being close to a facility before 

and after it was constructed (see Atkinson-Palombo, 

2010 and the extensive references therein). If the 

particular initiative being studied (for example, a 

transportation facility) is perceived as an amenity, 

it would be expected to increase property values, 

all else being equal. If the initiative is perceived 

as a disamenity, it would be expected to decrease 

property values. This hedonic method measures 

average impacts across the study area and therefore 

can help policy makers understand costs and 

benefits at a broad scale. 

Our study uses the hedonic-modeling approach to 

quantify the effect of wind facilities on home values. 

This involves creating a slalistical model with an 

expression of home price as the dependent variable 

and independent variables consisting of factors 

that influence home price. These independent 

variables include features of the specific housing 

unit, locational characteristics, a variable that 

represents distance to a wind turbine at discrete 

stages of the construction process, and various 

controls such as the time when a transaction took 

place to account for changes in the housing market 

over lime (inflation and deflation). If a wind turbine 

creates a disamenity, then house prices closer to the 

turbine would be expected to decline (all else being 

equal) compared to their values before the turbine 

was installed and compared to the prices of houses 

farther away that sold during the same period. 

The peer- reviewed, published studies that used 

hedonic modeling largely agree in finding non­

significant post-construction effects (i.e., non­

significant effects on home prices occurring after 

construction of wind turbines) (Sims et al., 2008; 

Hoen et al., 2011; Heintzelman and Tuttle, 2012), 

implying that average impacts in their study areas 

were either relatively small or sporadic near existing 

turbines. Three academic studies found similar 

results (Hoen, 2006; Hinman, 2010; Carter, 2011). 

The geographic extent of these studies varied from 

single counties (Hoen, 2006; Hinman, 2010; Carter, 

2011), to three counties in New York (Heintzelman 

and Tuttle, 2012), to eight states (Hoen et al., 2011), 

showing that results have been robust to geographic 

scale. Although the academic and peer-reviewed 

literature has largely focused on post-construction 

impacts, some studies have found evidence of 

pre-construction yet post-announcement impacts 

(Hinman, 201 O; Hoen et al., 2011; Heintzelman and 

Tuttle, 2012). 1his "anticipation effect'' (Hinman, 

2010) correlates with surveys of residents living 

near wind facilities that have found that once 

wind turbines are constructed, residents are more 

supportive of the facilities than they were when 

the construction of that facility was announced 

(Wolsink, 2007; Sims et al., 2008). Analysis of 

home prices related to other disamenities (e.g., 

incinerators) also has shown anticipation efiects 

and post-construction rebounds in prices (Kiel and 

McClain, 1995). 

2.5 General Literature on the 
Effects of Amenities and 
Disamenities on House Prices 

~~/'ll;i~~~~ 

While wind turbines are typically limited to high­

wind-resource areas, disamenities such as highways, 

overhead electricity transmission lines, power 

plants, and landfills are ubiquitous in urban and 

semi-rural areas, and they have been the focus of 

many studies. 'Ibis more established "disamenily 

literature" (see for example, Boyle and Kiel, 

2001; Jackson, 2001; Simons and Saginor, 2006) 

helps frame the expected level of impact around 

turbines. For example, adverse home-price effects 

near electricity transmission lines, a largely visual 
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disturbance, have ranged from 5% to 20%, fading 

quickly with distance and disappearing beyond 200 

to 500 feet, and even in some cases, when afforded 

with access to the transmission line corridor, home­

price effects have found to be positive signaling net 

benefits over costs of transmission line proximity 

(e.g., Des Rosiers, 2002). Landfills, which present 

smell and truck-activity nuisances and potential 

health risks from groundwater contamination, have 

been found to decrease adjacent property values by 

13.7% on average, fading by 5.9% for each mile a 

home is further away for large-volume operations 

(that accept more than 500 tons per day). Lower­

volume operations decreased adjacent property 

values by 2.7% on average, fading by 1.3% per mile, 

with 20% to 26% of the lower-volume landfills not 

significantly impacting values at all (Ready, 2010). 

Finally, a review of literature investigating impacts 

of road noise on house prices, which might be 

analogous to noise from turbines, found price 

decreases of 0.4% to 4% for houses adjacent to a 

busy road compared to those on a quiet street (see 

for example Bateman et al., 2001; Day et al., 2007; 

Kim et al., 2007; Andersson et al., 2010). 

Community amenities also have been well studied. 

Open space (i.e., publicly accessible areas that 

are available for recreational purposes) has been 

found to increase surrounding prices (Irwin, 2002; 

Anderson and West, 2006a); Anderson and West 

estimated those premiums lo be 0.1 % to 5%, with an 

average of 2.6% for every mile that a home is closer 

to the open space. Proximity to (and access to and 

views of) water, especially oceans, has been found 

to increase values ( e.g., Benson et al., 2000; Bond 

et al., 2002); for example, being on the waterfront 

increased values by almost 90% (Bond et al., 2002). 

Although much of the literature on community 

perceptions of wind turbines suggests that local residents 

may see turbines as a disamenity, this is not always 

the case. As discussed above, perceptions about wind 

turbines are shaped by numerous factors that include 

the size of the turbine(s) or project, the sense of place of 

the local residents, the manner in which the planning 

process is conducted, and the ownership structure. In 

contrast to disamenities universally disliked by local 

residents (as discussed above), some literature suggests 

that wind turbines could be considered amenities (i.e., 

a positive addition to the community), particularly if 

benefits accrue to the local community. Thus, whether 

wind turbines increase or decrease surrounding home 

prices-and by how much-remains an open question. 

The evidence discussed above suggests that any 

turbine-related disamenity impact likely would be 

relatively small, for example, less than 10%. If this 

were the case, tests to discover this impact would 

require correspondingly small margins of error, which 

in turn requires large amounts of data. Yet much of 

the literature has used relatively small numbers of 

transactions near turbines. For example, the largest 

dataset studied to date had only 125 post-construction 

sales within 1 mile of the turbines (Hoen et al., 

2009, 2011), while others contained far fewer post­

construction transactions within 1 mile: Heintzelman 

and Tuttle (n - 35), Hinman (11 - 11), and Carter (n -

41). Although these numbers of observations might be 

adequate to examine large impacts (e.g., greater than 

10%), they are less likely to discover smaller effects 

because of the size of the corresponding margins of 

error. Larger datasets of transactions would allow 

smaller effects to be discovered. Using results from 

Hoen at al. (2009) and the confidence intervals for 

the various fixed-effect variables in that study, we 

estimated the numbers of transactions needed to find 

effects of various sizes. Approximately 50 transactions 

are needed to find an effect of 10% or greater, 200 to 
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find an effect of 5%, 500 to find an effect of 3.5%, and 

approximately 1,000 to find a 2.5% effect. 

Additionally, there is evidence that wind facilities are 

sited in areas where property prices are lower than 

in surrounding areas-what we are referring to as a 

"pre-existing price differenlial". For example, Hoen el 

al. (2009) found significantly lower prices (- l 3%) for 

homes that sold more than 2 years prior to the wind 

facilities' announcements and were located within 1 

mile of where the turbines were eventually located, as 

compared to homes that sold in the same period and 

were located outside of 1 mile. Hinman (2010) found 

a similar phenomenon that she labeled as a "location 

effect:' To that end, Sims and Dent (2007), after their 

examination of three locations in Cornwall, United 

Kingdom, commented that the research "highlighted 

to some extent, wind farm developers are themselves 

avoiding the problem by locating their developments 

in places where the impact on prices is minimized, 

carefully choosing their sites to avoid any negative 

impact on the locality" (p. 5). Thus,further investigation 

of whether wind facilities are associated with areas 

with lower home values than surrounding areas would 

be worthwhile. It is important to emphasize that any 

"pre-existing price differential" does not exist because 

of the turbines, but instead is likely the result of the fact 

that wind turbines may be located in areas of relative 

disamenity. For example, in Massachusetts, wind 

turbines have typically been co-located with industrial 

facilities such as waste water treatment plants. 

While we included seven difterent amenities and 

disamenities in our model, we could not include all of 

them because of a lack of accurate data, especially for 

waste water treatment plants and industrial sites that 

may have been co-located with wind turbines. Some 

of the "pre-existing price differential" may therefore be 

attributable to other disamenities that have not been 

included in the model. Regardless of the reason, any 

"pre-exisling price differential" needs to be taken into 

account in order to accurately calculate the net impacts 

that wind turbines may have on property prices. 

Finally, there have been claims that the home sales 

rate (i.e., sales volume) near existing wind turbines is 

far lower than the rate in the same location before the 

turbines' construction and the rate fa1ther away from the 

turbines, because homeowners near turbines cannot find 

buyers (see sales volume discussion in Hoen et al., 2009). 

Obviously, many homes near turbines have sold, as 

recorded in the literature. If it were true that homeowners 

near turbines have chosen to sell less often because of 

very low buyer bids, then sales that did take place near 

turbines should be similarly discounted on average, 

but evidence of large discounts has not emerged from 

the academic literature (as discussed above). Moreover, 

homes farther away from turbines would be tal<en off 

the market for similar reasons (sellers do not get offers 

they accept), thus the comparison group is potentially 

aftected in a similar way. In any case, although Hoen 

et al. (2009) found no evidence of lower sales volumes 

near turbines, further investigations of this possible 

phenomenon using different datasets are warranted. 

2.6 Gaps in the Literature 
~~~~~~~ 

1his literature review suggests several knowledge 

gaps that could be studied further: exploring wind 

turbine impacts on home prices in urban settings, 

where the "sense of place" might be different than in 

the previously studied rural areas; examining post­

announcement/pre-construction impacts; testing 

for relatively small impacts using large datasets; 

determining whether wind facilities are sited in areas 

with lower home values; examining turbine impacts 

in concert with impacts from other disamenities and 

amenities; and investigating whether home sales 

volumes are difterent near existing wind turbines. 

Our study seeks to address each of these areas. 
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Because of Massachusetts' density of urban homes 

near enough to wind turbines to produce potential 

nuisance effects, our study analyzes Massachusetts 

data to address gaps in knowledge about turbine 

effects on home prices. Specifically, the study seeks 

to answer the following five questions: 

Ql) Have wind facilities in Massachusetts been 

located in areas where average home prices 

were lower than prices in surrounding areas 

(i.e., a "pre-existing price differential")? 

Q2) Are post-construction (i.e., after wind-facility 

construction) home price impacts evident in 

Massachusetts, and how do Massachusetts 

results contrast with previous results 

estimated for more rural settings? 

Q3) Is there evidence of a post-announcement/ 

pre-construction effect (i.e., an "anticipation 

effect")? 

Q4) How do impacts near turbines compare to the 

impacts of amenities and disamenities also 

located in the study area, and how do they 

compare with previous findings? 

QS) Is there evidence that houses near turbines 

that sold during the post-announcement and 

post-construction periods did so at lower 

rates (i.e., frequencies) than during the pre­

announcement period? 

The following subsections detail the study's hedonic­

modeling process and base model, the extensive 

robustness tests used to determine the sensitivity of 

the base model, the study data, and the results. 

3.1 Hedonic Base Model 
Specification 

.«"%" ~~~-~~ 

The price of a home can be expressed as follows: 

P = f(L,N,A,E,T) 

where L refers to lot-specific characteristics, N to 

neighborhood variables, A to amenity/disamenity 

variables, E to wind-turbine variables, and T to 

time-dependent variables. 

Following from this basic formula, we estimate the 

following customarily used (see, e.g., Sirmans et 

al., 2005) semi-log base model to which the set of 

robustness models are compared. 

ln(P) =/Ju+ "f,/J,L•D+ /J,N + L,fJ,A,D+ L,/J4 E•D+ L,/J~TH' 

An explanation of this formula is as follows: 

The dependent variable is the log of sales price (P). 

L is the vector of lot-specific characteristics of the 

property, including living area (in thousands of 

square feet); lot size (in acres); lot size less than 1 

acre (in acres if the lot size is less than 1, otherwise 

l); effective age (sale year minus either the year built 

or, if available, the most recent renovation date); 

effective age squared; and number of bathrooms 
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(the number of full bathrooms plus the number of 

half bathrooms multiplied by 0.5). 

D is the nearest wind turbine's development 

period in which the sale occurred (e.g., if the sale 

occurred more than 2 years before the nearest 

turbine's development was announced, less than 2 

years before announcement, after announcement 

but before construction, or after construction). 

N is the U.S. census tract in which the sale occurred. 

A is the vector of amenity/disamenity variables for 

the home, including the amenities: if the home is 

within a half mile from open space; is within 500 feet 

or is within a half mile but outside 500 feet of a beach; 

and, disamenities: is within a half mile of a landfill, 

and/or prison; and is within 500 feet of an electricity 

transmission line, highway and/or major road.15 

Tis the vector of time variables, including the year 

in which the sale occurred and the quarter in which 

the sale occurred. 

E is a binary variable representing if the home is 

within a half mile from a turbine, and 

t: is the error term. 16 

~o' ~I' r2' p), P.1' ~5 arc coefficients for the variables. 

lS Each of the amenity/disamcnity variables arc expressed as a 
binary variable: l if"yes;· 0 if"no:· 

16 Tiic error term (i.e., "unexplained variation" or "residual value") 
defines the portion of the change in the dependent variable (in 
this case the log of sale price) that cannot be explained by the 
differences in the combined set of independent variables (in this 
case the size and age of the home, the number of bathrooms, etc.). 
For example, a large portion of one's weight can be explained by 
one's gender, age and height, but <lilfcrcn..:es (i.e., unexplained 
variation) in a sample of people's weight will still exist for random 
reasons. Regardless of how well a model performs, some portion 

of unexplained variation is expected. 

The vectors of lot-specific and amenity/disamenity 

variables arc interacted with the development period 

for three reasons: 1) to allow the covariates to vary 

over the study period, which will, for example, allow 

the relationship of living area and sale price to be 

different earlier in the study period, such as more than 

2 years before announcement, than it is later in the 

study period, such as after construction of the nearest 

turbine/7 2) to ensure that the variables of interest do 

not absorb any of this variation and therefore bias the 

coefficients; and 3) to allow the examination of the 

amenity/disamenityvariables for subsets of the data. 18 

The distance-to-the-nearest -turbine variable specified 

in the base model is binary: one if the home is within 

a half mile of a turbine and zero if not. 'lhe distance 

can be thought of as the distance, today, when all the 

turbines in the state have been built Obviously, for 

some homes, such as those that sold before the wind 

facility was announced, there was no turbine nearby at 

the time of sale, so in those cases the distance variable 

represents the distance to where the turbine eventually 

was built. By interacting this distance variable with the 

turbine development period, we are able to examine 

how the distance effects might change over the periods 

and whether or not there was a pre-existing price 

differential between homes located near turbines and 

17 As discussed in greater detail in the results, the coefficients for the 
variables of interest are quite small in magnitude, and therefore 
even a relatively small change in the size of the coefficients can be 
problematic to the correct intnpretation of the results. Mmeover, 
the lot-specific and amenityldisamcnit)' variables vary over the 
development periods, further reinforcing the need to interact 
them with period. 1hc results for the wind turbine variables 
presented herein are robnst lo alternative specifications without 

these interactions. 

18 While the coefficients associated with the amenity/disamenity 
variables interacted with the facility development periods are not 
partkularly meaningful, creating the subsets enables examination 
of the data represented by the different wind turbine development 
periods and shows how stable the amenity/disamcnity variables 
arc within these subsets of data. 
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those farther away that existed even before the turbines 

were announced. 

Further, we used a binaryvariableas opposed to other 

forms used to capture distance. For example, other 

researchers investigating wind turbine effects have 

commonly used continuous variables to measure 

distance such as linear distance (Sims et al., 2008; 

Hoen et al., 2009), inverse distance (Heintzelman 

and Tuttle, 2012; Sunak and Madlener, 201 3), 

or mutually exclusive non-continuous distance 

variables (Hoen et al., 2009; Hinman, 2010; Carter, 

2011 ; Hoen et al., 2011; Heintzelman and Tuttle, 

2012; Sunak and Madlener, 2013). We preferred 

the binary variable because we believe the other 

forms have limitations. Using the linear or inverse 

continuous forms necessarily forces the model to 

estimate effects at the mean distance. In some of 

these cases those means can be quite far from the 

area of expected impact. For example, Heintzelman 

and Tuttle (2012) estimated an inverse distance 

effect using a mean distance of over l O miles from 

the turbines, while Sunak and Madlener (2013) 

used a mean distance of approximately 1.9 miles. 

Using this approach makes the model less able to 

quantify the effect near the turbines, where they are 

likely to be stronger. More importantly, this method 

encourages researchers to extrapolate their findings 

to the ends of the distance curve, n ear the turbines, 

despite having few data in this distance band. This 

was the case for Heintzelman and Tuttle (2010), 

who had less than 10 sales within a half mile in the 

two counties where effects were found and only a 

handful of sales in those counties after the turbines 

were built. Yet they extrapolated their findings to a 

quarter mile and even a tenth of a mile, where they 

had very few, if any, cases. Similarly, Sunak and 

Madlener (2013) had only six (post-construction) 

sales within a half mile, yet they extrapolated their 

findings to this distance band. 

One method to avoid using a single continuous 

function to describe effects at all distances is to 

use a spline model, which breaks the distances into 

continuous groups (Hoen et al., 2011), but this still 

imposes some structure on the data that might not 

actually exist. By far the most transparent method 

is to use binary variables for discrete dis tances that 

therefore impose only slight structure on the data 

(Hoen et al., 2009; Hinman, 2010; Hoen et al., 2011). 

Although this method has been used in existing 

studies, because of a paucity of data, margins of 

error for the estimates were large (e.g., 7% to 10% 

for Hoen et al. 2011). However, as discussed above, 

the extensive dataset for Massachusetts allows this 

approach to be taken while maintaining relatively 

small margins of error. Moreover, although others 

have estimated effects for multiple distance bins out 

to 5 or 10 miles, we have focused our estimates on 

the group of homes that are within a half mile of 

a turbine-although other groups, such as those 

within a quarter of a mile and between one half and 

one mile, are explored in the robustness models. 

The homes within a half mile of turbines are most 

likely to be impacted and are, therefore, the first 

and best place to look for impacts. Further, we use 

the entire group of homes outside of a half mile 

as the reference category, which gives us a large 

heterogeneous comparison group and therefore one 

that is likely not correlated with omitted variables­

although we also explore other comparison groups 

in the robustness tests. 

3.2 Robustness Tests 
~zrma&.2·;u1 J ~ ,n l'iFl "§U:&t&wzmami8Dfii!liW!..&mfdl!at 

Models are built on assumptions and therefore 

practitioners often test those assumptions by 

trying multiple model forms. As was the case fo r 

this research, a "base" model is compared to a set 

of "robustness" models, each with slightly different 
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assumptions, to explore the robustness of the 

study's findings. 

The suite of robustness tests explored changes in: 

l) the spatial extent at which both the effect and 

the comparable data are specified; 2) the variables 

used to describe fixed effects; 3) the screens that 

are used lo select the final dataset as well as outliers 

and influencers; 4) the inclusion of spatially and 

temporally lagged variables to account for the 

presence of spatial autocorrelation; and 5) the 

inclusion of additional explanatory variables that 

are not populated across the whole dataset. Each 

will be described below. 

3.2.1 Varying the Distance to Turbine 

The base model tests for effects on homes sold 

within a half mile of a turbine (and compares the 

sales to homes located outside of a half mile and 

inside 5 miles of a turbine). Conceivably, effects 

are stronger the nearer homes are to turbines and 

weaker the further they are away-because that 

roughly corresponds to the nuisance effects (e.g., 

noise and shadow flicker) that we are measuring­

but the base model does nol explore this. Therefore, 

this set of robustness models investigates effects 

within a quarter mile as well as between a half and l 

mile. It is assumed that effects will be larger within a 

quarter mile and smaller outside of a half mile. 

Additionally, the basis of comparison could be 

modulated as well. The base model compares homes 

within a half mile to those outside of a half mile and 

inside of 5 miles, most of which are between 3 and 

5 miles. Conceivably, homes immediately outside of 

a half mile are also affected by the presence of the 

turbines, which might bias down the comparison 

group and therefore bias down the differences 

between it and the target group inside of a half mile. 

Therefore, two additional comparison groups are 

explored: 1) those outside of a half mile and inside 

of 10 miles, and 2) those outside of 5 miles and 

inside of IO miles. It is assumed that effects from 

turbines are not experienced outside of 5 miles 

from the nearest turbine. 

3.2.2 Fixed Effects 

A large variety of neighborhood factors might 

influence a home price (e.g., the quality of the 

schools, the crime rate, access to transportation 

corridors, local tax rates), many of which cannot 

be adequately measured and controlled for in the 

model specifically. Thus, practitioners use a "fixed 

effect" to adjust prices based on the neighborhood, 

which accounts for all the differences between 

neighborhoods simultaneously. Examples of these 

fixed effects, moving from larger and less precise 

geographic areas to smaller and more precise areas 

are: zip code; census tract; and, census block group. 

The base model uses census tract boundaries as the 

geographic extent of fixed effects, aiming to capture 

"neighborhood" effects throughout the sample area. 

Because this delineation is both arbitrary (a census 

tract does not necessarily describe a neighborhood) 

and potentially too broad (multiple neighborhoods 

might be contained in one census tract), the census 

block group is used in a robustness test. TI1is is 

expected to allow a finer adjustment to the effects 

of individual areas of the sample and therefore be 

a more accurate control for neighborhood effects. 

The drawback is that the variables of interest (e.g., 

within a half mile and the development-period 

variables) might vary less within the block group, 
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and therefore the block group will absorb the effects 

of the turbines, biasing the results for the variables 

of interest. 

3.2.3 Screens, Outliers, and Influencers 

As described below, to ensure that the data used 

for the analysis are representative of the sample in 

Massachusetts and do not contain exceptionally 

high- or low-priced homes or homes with incorrect 

characteristics, a number of screens are applied for 

the analysis dataset. To explore what effect these 

screens have on the results, they are relaxed for this 

set of robustness tests. Additionally, a selection of 

outliers (based on the l and 99 percentile of sale 

price) and influencers (base<l on a Cook's Distance 

of greater than 119
) might bias the results, and 

therefore a model is estimated with them removed. 

3.2.4 Spatially and Temporally Lagged 
Nearest-Neighbor Data 

·n1e value of a given house is likely impacted by 

the characteristics of neighboring houses (i.e., local 

spatial spillovers, defined empirically as W) or 

the neighborhood itself. For example, a house in a 

neighborhood with larger parcels (e.g., 5 acres lots), 

might be priced higher than an otherwise identical 

home in a neighborhood with smaller parcels (e.g., 

l acre lots). 

If statistical models do not adequately account for 

these spatial spillovers, the effects are relegated to the 

unexplained component of the results contained in 

the error term, and therefore the other coefficients 

could be biased. If this occurs, then the error terms 

19 According to Cook, R. D. ( 1977) Detection of Influential 
Observations in Linear Regression. Tcchnomctrics. 19(1 ): 15-18. 

exhibit spatial autocorrelation (i.e., similarity on the 

basis of proximity) . Often, in the hedonic literature, 

more concern is paid to unobserved (and spatially 

correlated) neighborhood factors in the model.2° 

A common approach fo r controlling for the 

unobserved neighborhood factors is to include 

neighborhood fixed effects (see for example Zabel 

and Guignet, 2012), which is the approach we took 

in the base model. To additionally control for the 

characteristics of neighboring houses a model 

can be estimated that includes spatial lags of their 

characteristics as covariates in the hedonic model, as 

is done for this robustness test. Neighboring houses 

are determined by a set of k-nearest neighbors (k, 

in this case, equals 5), though alternative methods 

could have been used (Anselin, 2002) . Further, 

although dependence often focuses on spatial 

proximity, it is also likely that sales are "temporally 

correlated;' with nearby houses selling in the same 

period (e.g., within the previous 6 months) being 

more correlated than nearby houses selling in 

earlier periods (e.g., within the previous 5 years). 

To account for both of these possible correlations, 

we include a spatially and temporally lagged set of 

k-nearest neighbor data in a robustness model. 

These spatially and temporally lagged variables were 

created using the set of the five nearest neighbors that 

sold within the 6 months preceding the sale of each 

house. These variables contained the average living 

area, lot size, age, and age squared of the "neighbors:' 

20 LeSage and Pace (2009) have argued that including an expression 
of neighboring observations (I.e., a spatial lag, know as Wy) of the 
dependent variable (i.e., sale price) in the model is appropriate 
for dealing with these omitted variables. 'Ibey show that spatially 
dependent omitted variables generate a model that contains 
spatial lags of the dependent and exogenous variables, known 
as the spatial Durbin model (Anselin, 1988). ideally, we would 
have estimated these models, but this was not possible because of 
computing limitations. 
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3.2.5 Inclusion of Additional 
Explanatory Variables 

Although the base model includes a suite of controlling 

variables that encompasses a wide range of home and 

site characteristics, the dataset contains additional 

variables not fully populated across the dataset that 

might also help explain price differences between 

homes. 1hey include the style of the home ( e.g., cape, 

ranch, colonial) and the type of heat the home has 

(e.g., forced air, baseboard, and steam). Therefore, an 

additional robustness model is estimated that includes 

these variables but uses a slightly smaller dataset for 

which these variables are fully populated. 

Combined, it is assumed that the set of robustness 

tests will provide additional context and possibly 

bound the results from the base model. We now 

turn to the data used for the analysis. 

3.3 Data Used For Analysis 
~~~ ~,.§;ii,,~Y;f,@!.#.'.??',f$~~ 3.<@%?.Sfu?il~ ~ !i@filti~~ {~~~ ~ 

To conduct the analysis, a rich set of four types 

of data was obtained from a variety of sources in 

Massachusetts, including 1) wind turbine data, 2) 

single-family-home sale and characteristic data, 3) U.S. 

Census data, and 4) amenities and disamenities data. 

From these, three other sets of variables were created: 

distance-to-turbine data, time-of-sale period relative 

to announcement and construction dates of nearby 

turbines, and spatially and temporally lagged nearest­

neighbor characteristics. Each is discussed below. 

3.3.1 Wind Turbines 

Using data from the Massachusetts Clean Energy 

Center (MassCEC), every wind turbine in 

Massachusetts that had been commissioned as of 

November 2012 with a nameplate capacity of at least 

600 kW was identified and included in the analysis. 

This generated a dataset of 41 turbines located in 

a variety of settings across Massachusetts, ranging 

in scope from a single turbine to a maximum of 10 

turbines, with blade tip heights ranging from 58.5 

meters (192 feet) to 390 meters (1,280 feet), with an 

average of approximately 120 meters (394 feet) (Table 

1 and Figure 4). Spatial data for every turbine ( e.g., x 

and y coordinates), derived from MassCEC records 

and a subsequent visual review of satellite imagery, 

were added, and wind turbine announcement and 

construction dates were populated by MassCEC. 

Announcement date is assumed to be the first 

instance when news of the projects enters the public 

sphere via a variety of sources including a news 

article, the ftling of a permit application, or release 

of a Request for Proposals. Dates were identified in 

consultation with project proponents, developers or 

using Google News searches. 

3.3.2 Single-Family-Home Sales and 
Characteristics 

A set of arm's-length, single-family-home sales data 

for all of Massachusetts from 1998 to November 

2012 was purchased from the Warren Group.21 Any 

duplicate observations, cases where key information 

was missing (e.g., living area, lot size, year built), 

or observations where the data appeared to be 

erroneous (e.g., houses with no bathrooms) were 

removed from the dataset. These data included the 

following variables (and are abbreviated as follows 

in parentheses): sale date (sd), sale price (sp ), living 

21 Sec http://www.thcwarrengroup.com/. The Warren Group identified 
all transactions that were appropriate for analysis. As discussed later, 
we used additional screens to ensure that they were representative of 
the population of homes. Single-family homes, as opposed to multi­
family or condominiums, were selected bemuse condos and multi· 
family properties constitute different markets and arc generally not 
analyzed together {Goodman and 'Jhibodeau, 1998; Lang, 2012). 
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Table 1: List of Locations, Key Project Metrics and Dates of Massachusetts Turbines Analyzed 

Jiininy Peak Mountain Resorf .. · ... 

Kingston Independence 

Lightolier ·. 

Mark Richey Woodworking 

M~,ss M~ritime Academy··.·· 
Mass Military Reservation 1 

Mass Millt~ryR~servatiori i 
Mass Military Reservation 3 

MtW~~,,J~Jtt •cornrnuriity•.c::oilege· 
MWRA - Charlestown 
MWRA L Deer lsl~nd ·· ... 
No fossil fuel !Kingston) 
NOTUS Clean Energy ...... 

area in thousands of square feet (sjla 1000), lot size 

in acres (acres), year the home was built (yb), most 

recent renovation year (renoyear), the number of 

full (fullbath) and half (halfbath) bathrooms, the 

style of the home (e.g., colonial, cape, ranch) (style), 

the heat type (e.g., forced air, baseboard, steam) 

(heat), and the x and y coordinates of the home.22 

From these, the following variables were calculated: 

natural log of sale price (lsp), sale year (sy), sale 

quarter (sq), age of the home at the time of sale (age 

= sy - (yb or renoyear)), age of the home at the time 

of sale squared (agesqr = age x age), lot size less 

22 The style is used in a robustness test. 

than 1 acre (acreltl), bathrooms (bath °" fullbath + 

(ltaljbath x 0.5)). 23 

To ensure a relatively homogenous set of data, 

without outlying observations that could skew the 

results, the following criteria were used to screen the 

dataset: sale price between $40,000 and $2,500,000; 

less than 12 bathrooms or bedrooms; lot size less 

than 25 acres; and sale price per square foot between 

$30 and $1,250. As detailed below, these screens 

23 Geocoding of x-y coordinates can have various levels of accuracy, 

including block level (a centroid of the block), street level (the 
midpoint of two ends of a street), address level (a point in front 
of the house - usually used for Google maps etc.), and house level 

(a point over the roof of the home). Warren provided x and y 

coordinates that were accurate to the street level or block level but 
not accurate to the house level. All homes that were within 2 miles 
of a turbine were corrected to the house level by Melissa Data. See: 

www.MclissaData.com. This was important to ensure that accurate 

measurements of distance to the nearest turbine were possible. 
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Figure 4: Locations of Massachusetts Wind Turbines Included in Study 
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were relaxed for a robustness test, and no significant 

alteration to the results was discovered. 

3.3.3 Distance to Turbine 

Geographic information system ( GIS) software was 

used to calculate the distance between each house 

and the nearest wind turbine in the dataset (tdis) 

and to identify transactions within a 10-mile radius 

of a wind turbine. Transactions inside 5 miles were 

used for the base model, while those outside of 5 

miles were retained for the robustness tests. 'Ibis 

resulted in a total of 122,198 transactions within 

5 miles of a turbine (and 312,677 within 10 miles 

of a turbine). Additionally, a binary variable was 

created if a home was within a half mile of a turbine 

Legend 
• Landfills -- Transmission Lines 

+ Turbines -- Highways 

@ Prisons 

Beaches 

5 Mile Transaclion Area 

10 Mile Transaction Area 

or not (halfmile), which was used in the base model. 

As discussed above, the robustness models used 

additional distance variables, including if a home 

was within a quarter mile of a turbine (qtrmile) and 

if a home was outside a half mile but within 1 mile 

(outsidehalf). 

3.3.4 Time of Sale Relative to 
Announcement and Construction 
Dates of Nearby Turbines 

Using the announcement and construction dates 

of the turbine nearest a home and the sale date of 

the home, the facility development period (fdp) 
was assigned one of four values: the sale was more 

than 2 years before the wind facility was announced 

l{<)l alion,hip br,tw,,cn Vvind Turbines and f~<:sid,,ntbl Prop<Hty 1/itlues in M;1s,a~hu,etts 24 
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Table 2: Distribution of Transaction Data Across Distance and Period Bins 

0.04% 0.02% 

0.25% 0.39% 

1.9% 2.1% 

37% 38% 

61% 59% 

100% 100% 

(prioranc),2'' the sale was less than 2 years before 

the facility was announced (preanc), the sale 

occurred after facility announcement but prior to 

construction commencement (postancprecon), or 

the sale occurred after construction commenced 

(postcon). We are assuming that once construction 

was completed, the turbine went into operation. 

See Table 2 for the distribution of the 312,677 sales 

within 10 miles across the distance and period bins. 

3.3.5 U.S. Census 

Using GIS software, the U.S. Census tract and block 

group of each home were determined. The tract 

24 This first period, more than two years before announcement, was 
used to ensure that these transactions likely occurred before the 
community was aware of the development. Often prior to the 
announcement of the project, wind developers arc active in the 
area. potentially, arranging land leases ,11id testing/measuring 
wind speeds, which can occur in the two )'Cars before an official 

an nouncemcnt is made. 

0.03% 0.06% 0.04% 

0.47% 0.33% 0.32% 

1.8% 2.2% 1.9% 

38% 34% 37% 

59% 63% 61% 

100% 100% 100% 

delineation was used for the base model, and the block 

group was used for one of the robustness tests. In both 

cases, the Census designations were used to control for 

"neighborhood" fixed effects across the sample. 

3.3.6 Amenity and Disamenity Variables 

Data were obtained from the Massachusetts Office of 

Geographic Information (MassGIS) on the location 

of beaches, open space/5 electricity transmission 

lines. prisons, highways, and major roads.26 As 

discussed above, these variables were included in 

the model to control for and allow comparisons to 

amenities and disamenities in the study areas near 

25 'Ihc protected and recreational open space data la)'cr contains 
the boundaries of conservation land and outdoor recreational 
fadlitics in Massachusetts. 

26 Office of Geographic Infol'mation (MassGJS), Commonwealth 
ofMassacbmetts, Information Technology Division. (www.mass. 

gov/mgis). 
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turbines. Based on the data, variables were assigned 

to each home in the dataset using GIS software. If a 

home was within 500 feet of a beach, it was assigned 

the variable beachSOOft, and if a home was outside 

of 500 feet but inside of a half mile from a beach 

it was assigned the variable beachhalf. Similarly, 

variables were assigned to homes within a half mile 

of a publicly accessible open space with a minimum 

size of 25 acres (openhalj), a currently operating 

landfill (fillhaif), or a prison containing at least some 

max:.imum-security inmates (prisonha/j). Variables 

were also assigned to homes within 500 feet of an 

electricity transmission line (line500ft), a highway 

(hwy500ft) or otherwise major road (majorSOOft). 27 

Figure 4 shows the location of these amenities and 

disamenities (ex:.cept open space and major roads) 

across Massachusetts. 

3.3.7 Spatially and Temporally Lagged 
Nearest-Neighbor Characteristics 

Using the data obtained from Warren Group for 

the home and site characteristics, x/y coordinates 

and the sale date, a set of spatially and temporally 

lagged nearest neighbor variables were prepared to 

be used in a robustness test. For each transaction the 

five nearest neighbors were selected that: transacted 

Table 3: Summary of Characteristics of Base Model Dataset 

Variable C)e$criptio? , Mean Std, Dev. Min .•• Median · Max 

sale price $322,948 $238,389 $40,200 $265,000 $2,495,000 sp 

lsp 

sd 

----- --- - -··--
log of sale price 12.49 0.60 10.6 12 14.72 

···--------........ --····------- ······-~------- .. ·---------··--·-----·······----·········- - ·········- - - ----- - ···--·- --······-- --···---·- - ·-
sale date 10/19/04 1522 3/3/98 2/6/05 11/23/12 

sy sale year 2004 4 1998 2004 2012 
·--- ·- - ---- - - - --

syq sale year and quarter (e,g., 20042 = 2004, 2nd quarter) 20042 42 19981 20043 20124 

sfla1000 square feet of living area (1000s of square feet) 1.72 0.78 0.41 1.6 9.9 
·•······ ·--··-- ·----- ··---

acre* number of acres 0.51 1. 1 0.0054 0.23 25 

acrelt1 * the number of acres less than one -0.65 0.31 -0.99 -0.77 0 
- ---·······------- ---- ····- - --- ·- - -
age age of home at time of sale 54 42 -1 47 359 

--- -- --
agesq age of home squared 4671 4764 0 3474 68347 _ _____ .. ___ ____ __ ,......... ·----------- --- - -·· 
bath** the number of bathrooms 1.9 0 .79 0 .5 1.5 10.5 

wtdis distance to nearest turbine (miles) 3.10 1.20 0.098 3.2 5 
--- - --- - --

fdp wind facility development period 1.95 1.18 1 1 4 
--····--- - ----· ---- -·--- - --- -- ··--·-
annacre average nearest neighbor's acres 0.51 0.93 0.015 0.25 32 

annage average nearest neighbor's age 53.71 30.00 -0.8 52 232 
--- --- - ---- --- - ·-

annagesq average nearest neighbor's agesq 4672 4766 0 3474 68347 
- - ---- ·- - --- ---- - - - --
annsfla1000 average nearest neighbor's sfla1000 1.72 0.53 0.45 1.6 6.8 

····• --- - ----- --- - ------ - - -· 
Note: Sample size for the full dataset is 122,198 

27 Highways and majors road arc mutually cxclu~ivc by our definition 
despite the fac t that highways arc also considered major roads. 

• Together acrclt I and acre are entered into the model as a spline function with acreh I 
applying to values from O to I acres (being entered as values from - I to 0, respectively) 
and acre applying to values from I to 25 acres. 

•• !lath is cakulalcd as follows: number o f bathrooms+ (number of half bathrooms '0.5) 
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Figure 5: Locations of Houses in Relation to Wind Turbines 
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within the preceding 6 months and were the closest 

in terms of Euclidian distance. Using those five 

transactions, average 1000s of square feet of living 

space (annsjlalOOO), average acres (annacre), average 

age (annage), and age squared (annagesq) of the 

neighbors were created for each home. 1hese four 

variables were used in the robustness test. 

3.3.8 Summary Statistics 

1he base model dataset includes all home sales within 

5 miles of a wind turbine, which are summarized in 

Table 2. The average home in the dataset of 122,198 

sales from 1998 to 2012 has a sale price of $322,948, 

sold in 2004, in the 2nd quarter, has 1,728 square feet of 

living area, is on a parcel with a lot size of 0.51 acres, is 

Legend 
+ Turbines 

o 5 Mlle Radius 

10 Mile Radius 

54 years old, has 1.9 bathrooms, and is 3.1 miles from 

the nearest turbine. As summarized in Table 2, of the 

122,198 sales within 5 miles of a turbine, 7,188 (5.9%) 

are within l mile of a turbine, 1,107 (approximately 

0.9%) are within a half mile, and 121 ( 0.1 %) are within 

a quarter mile. In the post-construction period, 1,503 

sales occurred within l mile of a turbine, and 230 

occurred within a half mile. These totals are well above 

those collected for other analyses and are therefore 

ample to discover considerably smaller effects. For 

example, as discussed in Section 2.5 above, an eftect 

larger than 2.5% should be detectable within 1 mile, 

and an eftect larger than approximately 4% should 

be detectable within a half mile, given the number of 

transactions that we are analyzing. Figure 5 shows the 

spatial distribution of sales throughout the sample area. 
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3.4 Results 
l~:;~;:;·~-~~S'i'JlK~&~~.J.,~J:.Z:ef~":t-'&$.l~~~,~~~~~~'n:'·~ ~ 

3.4.1 Base Model Results 

The base model results for the turbine. amenity. 

and disamenity variables are presented in Table 4 

(with full results in the Appendix). The base model 

has a high degree of explanatory power. with an 

adjusted-R2 of 0.80, while the controlling variables 

are all highly significant and conform to the a priori 

assumption as far as sign and magnitude (e.g., 

Sirmans et al., 2006).2g The model interacts the four 

wind-facility periods with each of the controlling 

variables to test the stability of the controlling 

variables across the periods (and the subsamples 

they represent) and to ensure that the coefficients 

for the wind turbine distance variables, which are 

also interacted with the periods, do not absorb any 

differences in the controlling variables across the 

periods.29 The controlling variables do vary across 

the periods. although they are relatively stable. For 

example, each additional thousand square feet of 

living area adds 21 %-24% to a home's value in each 

of the four periods; the first acre adds 14%-22% 

lo home value, while each additional acre adds 

1 %-2%; each year a home ages reduces the home's 

value by approximately 0.2% and each bathroom 

adds 6%-1 l % to the value. Additionally, the sale 

years are highly statistically significant compared 

to the reference year of 2012; prices in 1998 are 

approximately 52% lower. and prices in 2005 and 

2006 are approximately 31 % and 28% higher, after 

28 All models are estimated using the .arcg procedure in Stata MP 
12. l with robust estimates, which corrects for heteroskedasticity. 
1lic effects of the census tracts are absorbed. Results arc robust to 
an estimation using the .reg prnc~durc. 

29 The results are robust to the exclusion of these interactions, but 
theoretic all)' we believe this model is the most appropriate, so it is 
presented here. 

which prices decline to current levels. Finally. there 

is considerable seasonality in the transaction values. 

Compared to the reference third quarter. prices in 

the first quarter are approximately 7% lower, while 

prices in the second and fourth are about 1 %-2% 

lower (see Appendix for full results). 

Similar to the controlling variables, the coefficients 

for the amenity and disamenity parameters are, for 

the most part, of the correct sign and within the range 

of findings from previous studies. For example, being 

within 500 feet of a beach increases a home's value by 

21 %-30%, while being outside of 500 feet but within 

a half mile of a beach increases a home's value by 

5%-13%, being within 500 feet of a highway reduces 

value by 5%- 7%, and being within 500 feet of a major 

road reduces value by 2%-3%. Being within a half 

mile of a prison reduces value by 6%, but this result is 

only apparent in one of the periods. Similarly. being 

within a half mile of a landfill reduces value by 12% 

in only one of the periods, and being within a half 

mile of open space increases value by approximately 

1 % in two of the periods. Finally, being within 500 

feet of an electricity transmission line reduces value 

by 3%-9% in two of the four periods. As noted above, 

the wind development periods are not meaningful as 

it relates to the amenity/disamenity variables, because 

they all likely existed well before this sample period 

began, and therefore the turbines. That said, they do 

represent different data groups across the dataset ( one 

for each wind development period), and therefore are 

illustrative of the consistency of findings for these 

variables, with beaches, highways and major roads 

showing very consistent results. while electricity 

transmission lines, open space, landfills and prisons 

showing more sporadic results. 

Turning now to the variables that capture the 

effects in our sample, for being within a half mile 

of a turbine, we find interesting results (see Table 
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Table 4. Selected Results from Base Model 

\r<J{iaJl;s ( Description __c:_c>_f:fficient ~oefficient coefficient coefficient 

/ i i•.> .·.•ii--- --·- ··············· ----·-·· -- ----- P.=value _p~value . p-value. p -value 

h<Jlfmn{ i within a half mile of a wind turbine -- -5, 1%*** -7.~ -~;·;·--~4:·6~--

within 500 feet of a beach 

within a half mile and outside of 500 feet 

within a half mile of open space 

within 500 

sion line 

within a half mile of a prison 

0.000 0.002 --0.000 0.081 
-----------·----"······---

-2.3% 0.5% 

0.264 0.853 
- -

20.8%*** 30.4%*** 25.3%*** 25.9%*** 
-----·--------· 

0.000 0.000 0.000 0.000 
---

5.3%*** 8.8%*** 8.7%*** 13.5%*** 
.. ·r---·• •·•·• .... ,.,.------~-----.. -~-

0.000 0.000 0.000 0.000 
- - ·· --· 

0.6%** 0.1% 0.1% 0.9%* 
-------·--------------- . .-,------·---···--

0.021 0.729 0.903 0.062 

-3%*** -0.9% -0.9% -9.3%*** 
--·-··--- -----·----- -----------·-··· ------

0.001 0.556 0.522 0.000 
----

-5.9%*** 2.6% 2.8% -2.3% 
- · 
0.001 0.291 0.100 0.829 

---·······----·····-----·· ------·····-----···'"'""" ______ ,. ________ ,,~------·------·. -·---
-7.3%*** -5.2%*** -3.7%*** -5.3%*** 

•.h,111v!50Cltt< within 500 feet of a highway 
0.000 0.000 0.000 0.000 

_________ .,,, ________ ., ______ ··------·---------·----

-2.8%*** -2.3o/o*** -2.5°/o*** -2°/o*** 
within 500 feet of a major road O.OOO 0.000 0.000 0.000 

within a half mile of a landfill 
1.8% -0.9% 1% -12.2%*** 

0.239 0.780 0.756 0.002 
_.,. , ____ a.,, -------------

22.9%*** 21.4%*** 22.6%*** 23.5%*** 
-- ...... ________ ,,..... ___ , --------.. --.---- . -----

0.000 0.000 0.000 0.000 living area in thousands of square feet 
-·· 

1.1%*** 1.9%*** 1.3%*** -0.02% ____ ......... ---- ·" ··--·-····------

0.000 0.000 0.000 0.863 lot size in acres 

21.7%*** 17.2%*** 14.7%*** 22.1%*** 
_,;T ___ , _., _ _____ .,.,---•••••----- •--••--

0.000 0.000 0.000 0.000 lot size less than 1 acre 
.·.·---·-

-0.2%*** -0.2%*** -0.2%*** -0.2%*** 
- -

0.000 0.000 0.000 0.000 age of the home at time of sale 

0 1,.0/~*** 0.5°/.-,*** 0.6%*** 0.8%*** - -
0.000 0.000 0.000 0.000 

age of the home at time of sale squared* - · -·- ,v -·- ·-

•--------·------ ·····-·--------- ·------·---··"·'•'------·---------···--~----·-· .---------· ... ,-

b~i~/ 
0.001 0.556 0.522 0.000 

6.4%*** 7.9%**"' 
number of bathrooms 

8.4%*** 11.1%*** 

.· .. _::.::-·., ..... .-•.-,-----········"'·'-·-----·-····--·----------··- .-.... -------·- ·--------·-- · . -- --- ·----
Coefficie11ts represent tlle percentage c/iange in price for every unit of c/range in the characteristic. For example, the model estimates tliut />rice 
increases by approximately 23% for eve,y I 000 additional square feet. Coe[Jicien/ values are reported '15 percentage.<, although the aclwil conversion i.< 
IOO'(exp(b)-J)% (Halvarse,1 and Palmquist, 1980). l,1 m,w rnses, the clijjermces l,etll'een t/1e twP <ll'e de minimis, tlwul(h, /my;ercoefficient vu/11e.< would 

be slig/1//y larger afla conl't'rsio1i. 

p-val11e is a mee1s11re of how likely Ille estinulle is different from zero (i.e., nu effect) by c/wnce. ·nw lower /he p-ve1l1re, tile more likely the estinwle is 
expected to be different fwm zero. A p-mlue of less tlum 0.10 is considered statistirnlly sig11iflcrmt, with higher levels of signiflmnce being de11oterl as 

follows:' 0.10, "0.05, '"0.01. 

'rnc{ficic11/ V(l/11es are multiplier/ by 1000 for rcporti11g purposes orrly 
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4). The coefficients for the halfmile variable over 

the four periods are as follows: prioranc (sale 

more than 2 years before the nearest wind turbine 

was announced) -5.1 %, preanc (less than 2 years 

before announcement) -7.1%, postancprecon (after 

announcement but before the nearest turbine 

construction commenced) -7.4%, and postcon (after 

construction commenced) -4.6%.30 Importantly, 

our model estimates that home values within a 

half mile of a future turbine were lower than in 

the surrounding area even before wind-facility 

announcement. In other words, wind faci lities 

in Massachusetts are associated with areas with 

relatively low home values, at least compared 

to the average values of homes more than a half 

mile but less than 5 miles away from the turbines. 

Moreover, when we determine if there has been 

a "net" effect from the arrival of the turbines, 

we must account for this preexisting prioranc 

difference. The net postancprecon effect is -2.3% 

([-7.4%J - [-5.1%) = -2.3%; p-value 0.26). The net 

postcon effect is 0.5% ([-4.6%] - [-5.l %J = 0.5%: 

p-value 0.85).31 Therefore, after accounting for the 

"pre-existing price differential" that predates the 

turbine's development, there is no evidence of an 

additional impact from the turbine's announcement 

or eventual construction. 

3.4.2 Robustness Test Results 

To test and possibly bound the results from the 

base model, several robustness tests were explored 

(Section 3.2): 

30 Although a post -construction effect is shown here and fo r all other 
models, a post-operation (after the turhine was commissioned 
and began operation} effect was also e.<timatcd and was no 
different than this post-construction effect. 

31 ' lhcse linear combinations arc estimated using the post-estimation 
.lincom test in Sh1ta MP 12.1. 

1. Impacts within a quarter mile 

2. Impacts between a half and 1 mile 

3. Impacts inside of a half mile when data between a half 

mile and 10 miles were used as a reference category 

4. Impacts inside of a half mile when data between 

5 miles IO miles were used as a reference category 

5. The inclusion of style (of the home) and heat 

(type of the home) variables 

6. The use of the census block group as the fixed 

effect instead of census tract 

7. Relaxing the screens (e.g., sale price between $40,000 

and $2,500,000) used to create the analysis dataset 

8. The removal of outliers and influential cases 

from the analysis dataset 

9. 1he inclusion of spalially/temporally lagged 

variables to account for the presence of spatial 

autocorrelation. 

Table 5 shows the robustness test results and the base 

model results for comparison (the robustness models 

are numbered in the table as they are above). For brevity 

only the "net" differences in value for the postancprecon 

and postcon periods are shown that quantify the 

postancprecon and postcon effects after deducting the 

difterence that existed in the Prior period.32 '1 h roughout 

the rest of this section, those effects will be referred to as 

net postancprecon and net postcon. 

There are a number of key points that arise from 

the results that have implications for stakeholders 

involved in wind turbine siting. For example, 

the effects for both the net postancprecon and net 

postcon periods for sales within a quarter mile of a 

turbine are positive and non-significant (which is 

believed to be a circumstance of the small dataset 

32 111<.' foll set of rol>ustoess results is available upon request. 
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Table S: Robustness Results 

.... -·-·-----1 ;/0f~i;'.'::.·· ....... . 
AdjR' j __ ~ __ coef coef 

----·--·-- ,. __ p-value ___ p-value _ _ p-value ... p-value____ _p-value -··· p-value_ I· p-value . p-value ___ p-value _ 
-5.1%*•• -2.3% 0.5% 

0·80 r·· - 0.000 -- · ·· - - -·······- o.264 .. - - -········-· 

-=--=--t -5.3% 12.7% 0.7% ~ [f-- - - - - - - - --- ---11-- --- - --- - -·--+-- --- - --- - ----1 __ o ___ s_o_c..::: -5.0%··~ -0.4% o:.!18 -2.0;/c-o---,:4% 0.916 -1.0% -- 1 .3% .. 

# Model Name n 
--- ··-·-

Base Model 122,198 

- ----··-
1 Inside 1/4 mile 122,198 

2 Between 1 /2 and 122,198 1 Mile 

coef coef coef 

0.853 --~ 

------·- F 0.000 0.536 0.336 0.?25 0.715 0.288 

-- - ---······· ········-···- -··· --·· 0.82_ T _ ____ --- -\~;;~·-~---- ----·-·· ·---- -:~o= ...... _____ ,-_ _____ ~:~;: __ _ 

4 ~~:~; ~~:~~~e~~; __ 312.677 _ 0.82 ,----- -- - _:_71to~·· ----- ___ -- --·_· __ -HI~ ---- i-----·-----~_-;;}---_------ -, 
3 All Sales Outto 10 312,677 Miles 

5 lncludin~Stylo& 120292 O.Sl [ -----·---· -3.8%* .. ... . ·.····----······-- - - -··· _-3.3% .... --- ----! ----···· ····- 2.8% _ _ _ .. 

Heat Variables ' ..... · ··-·-- ··--}~ft: .. ___ __ ·-- ··+-- -- -~·!l~ --------- _____ '___ -------~:!t-
6 UsingBlockGroup 122.198 0.81 - - ---- ----+----- ---

. a~ a™ u~ - - --·-·--- - - --1 •4.0% ... -- -4.6%* -0.8% 
7 No Screens 123,555 0.73 r-- ---·- -- - -- ·-- - ·----< 
---------·--·-- --- -·-------L-- 0.003 0.072 _ 0.800 _ I 

8 Removing Outliers 119 623 0
_79 l -4.3% .. • -2.6% 0.04% I 

and Influencers ' 0.001 0 .205 O. 989 
_ _ ____ ....... __ _ _______ ·· 1-· -5.3°/o*** ·- -1.5°~ ·~-----·· 1.4°/o 

0.80 1-···--·--···· - - --------- ··-···--·----- ---·-·····- · ···--- --·---·-· ···-·-··--- .. · · - - ---·- · ·-----·-9 Including Spatial 
Variables 122,198 

__L_ -- 0.000 --- - ~ 0.467 ·- - - -- ~ _ 0.621 - - -

S(rifiJU(nl sr~rriJlf~uut: • 0./0 . •• 0.05, "°''0.01. Nou: For .$ implkity, rorj/idtut w1fots flTt' ff/1071~,I as {'in"CJ IW,'?f..J, d/amugli tJw l~Cflltl( fOJIV(' rJiWI ts , oo·(cxp(b). J)9' (1-fdfrcmeu cmd P,tlmi,uiit. l9c•W). hi 
mm/ CWt'i, tJu, rliJl'rrenc:cs. lil't\YC"t'II tlu two m-~ dt mh1/111i!, thcmgh, lurgr.r w,ffidrnt vnlua would be .cligf1tly /(lr,~,·r 1~ta ronva.sion. 
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in that distance range, see Table 2), providing 

no evidence of a large negative effect near the 

turbines. Further, there are weakly significant net 

postancprecon impacts for relaxing the screens 

(-4.6%), indicating a possible effect associated with 

turbine announcement that disappears after turbine 

construction. Finally, and most importantly, 

no model specificalion uncovers a statistically 

significant net postcon impact, bolstering the base 

model results. Moreover, all net postcon estimates 

for homes within a half mile of a turbine fall 

within a relatively narrow band that equally spans 

zero (-2.6% to 2.8%). further reinforcing the non­

significant results from the base model. 
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'01e study estimated a base hedonic model along 

with a large set of robustness models to test and 

bound the results. 111ese results are now applied to 

the research questions listed in Section 3. 

4.1 Discussion of Findings 
in Relation to Research 
Questions 

QI) Have wind facilities in Massachusetts been 

located in areas where average home prices were 

lower than prices in surrounding areas (i.e .• a "pre­

existing price differential")? 

To test for this, we examined the coefficient in the 

prioranc period, in which sales occurred more than 

2 years before a nearby wind facility was announced. 

The -5.1 % coefficient for the prioranc period (for 

home sales within a half mile of a turbine compared 

to the average prices of all homes between a half and 

5 miles) is highly statistically significant (p-value < 

0.000). This clearly indicates that houses near where 

turbines eventually are located are depressed in 

value relative to their comparables further away. 

Other studies have also uncovered this phenomenon 

(Hoen et al., 2009; Hinman, 2010; H oen et al., 2011). 

If the wind development is not responsible for these 

lower values, what is? 

Examination of tu rbine locations reveals possible 

explanations for the lower home prices. Six of 

the turbines are located at wastewater treatment 

plants, and another eight are located on industrial 

sites (Table 1). Some of these locations (for 

example, Charlestown) have facilities that generate 

large amounts of hazardous waste regulated by 

Massachusetts and/or the U.S. Environmental 

Protection Agency and use large amounts of 

toxic substances that m ust be reported to the 

Massachusetts Department of Environmental 

Protection.JJ Regardless of the reason for this "pre­

existing price diffe rential" in Massachusetts, the 

eflect must be factored into es timates of impacts 

due to the turbines' eventual announcement and 

construction, as this analysis does. 

Q2) Are post-construction (i.e., after wind-facility 

construction) home price impacts evident in 

Massachusetts. and how do Massachusetts results 

contrast with previous results estimated for more 

rural settings? 

To test for these effects, we examine the "net" 

postcon effects (postcon effects minus prioranc 

effects), which account for the "pre-existing price 

differential" discussed above. In the base model, 

with a prioranc effect of -5.1 % and a postcon eftect 

of -4.6%, the "net" effect is 0.5% and not statis tically 

significant. Similarly, none of the robustness models 

reveal a statistically significant "net" effect, and 

the range of estimates from those models is -2.6% 

to 2.8%, eftectively bounding the results from the 

base model. Therefore, in our sample of more than 

122,000 sales, of which more than 21,808 occurred 

33 See, e.g.. http://www.mass.gov/anf/research-and-tech/it-scrv­
and-supporl/application-serv/office-of-gcographic-infonnation­
massgis/datalayers/dcp-bwp-major-facilities-.html 
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after nearby wind-facility construction began (with 

230 sales within a half mile), no evidence emerges 

of a postcon impact. 111is collection of postcon data 

within a half mile (and that within l mile: n = 
1,503) is orders of magnitude larger than had been 

collected in previous studies and is large enough to 

find effects of the magnitude others have claimed 

to have found ( e.g., Heintzelman and Tuttle, 2012; 

Sunak and Madlener, 2012).3
'
1 Therefore, if effects 

are captured in our data, they are either too small or 

too sporadic to be identified. 

These postcon results conform to previous analyses 

(Hoen, 2006; Sims et al., 2008; Hoen et al., 2009; 

Hinman, 2010; Carter, 2011; Hoen et al., 2011). Our 

study differed from previous analyses because it 

examined sales near turbines in more urban settings 

than had been studied previously. Contrary to what 

might have been expected, there do not seem to 

be substantive differences between our results and 

those found by others in more rural settings, thus it 

seems possible that turbines, on average, are viewed 

similarly (i.e., with only small differences) across 

these urban and rural settings. 

Q3) Is there evidence of a post-announcement!pre­

construction effect (i.e., an "anticipation effect")? 

To answer this question, we examine the "net" 

postancprecon effect (postancprecon effect of -7.4% 

minus prioranc effect of -5.1 %), which is -2.3% and 

not statistically significant. 111is base model result is 

bounded by robustness-model postancprecon effects 

ranging from -4.6% to 1.6%. One of the robustness 

34 "!hough, as discussed earlier, their findings might be the result of 
their continuous distance specification and not the result of the 
datn, moreover, although Heintzelman & Tuttle claim to have found 
a postcori effect, their data primary occurred prior lo construction. 

models reveals a weakly statistically significant effect 

of -4.6% (p-value 0.07) when the set of data screens 

is relaxed. It is unclear, however, whether these 

statistically significant findings result from spurious 

data or multi-collinear parameters, examination of 

which is outside the scope of this research. Still, it is 

reasonable to say that these postancprecon results, 

which find some effects, might conform to effects 

found by others (Hinman, 2010), and, to that extent, 

they might lend credence to the "anticipation effect" 

put forward by Hinman and others (e.g., Wolsink, 

2007; Sims et al., 2008; Hoen et al., 2011), especially 

if future studies also find such an effect. For now, we 

can only conclude that there is weak and sporadic 

evidence of a postancprecon effect in our sample. 

Q4) How do impacts near turbines compare to the 

impacts of amenities and disamenities also located 

in the study area, and how do they compare with 

previous findings? 

The effects on house prices of our amenity and 

disamenity variables are remarkably consistent 

with a priori expectations and stable throughout 

our various specifications. The results clearly show 

that home buyers and sellers accounted for the 

surrounding environment when establishing home 

prices. Beaches (adding 20% to 30% to price when 

within 500 feet, and adding 5% to 13% to price 

when within a half mile), highways (reducing price 

4% to 8% when within 500 feet), and major roads 

(reducing price 2% to 3% when within 500 feet) 

affected home prices consistently in all models. 

Open space (adding 0.6%-0.9% to price when within 

a half mile), prisons (reducing price 6% when within 

a half mile), landfills (reducing price 13% when 

within a half mile) and electricity transmission 

lines (reducing price 3%-9% when within 500 feet) 

affected home prices in some models. 

l~elalionship between Wind Turbin es a nd H,,sidentia l Property Values in Mas:.achu,elts 34 
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Our disamenity findings are in the range of findings 

in previous studies. For example, Des Rosiers 

(2002) found price reduction impacts ranging 

from 5% to 20% near electricity transmission lines; 

although those impacts faded quickly with distance. 

Similarly, the price reduction impacts we found near 

highways and major roads appear to be reasonable, 

with others finding impacts of 0.4% to 4% for homes 

near "noisy" roads (Bateman et al.. 2001; Andersson 

et al., 2010; Blanco and Flindell, 20ll; Brandt and 

Maennig, 20ll). Further, although sporadic, the 

large price reduction impact we found for homes 

near a landfill is within the range of impacts in 

the literature (Ready, 2010), although this range 

is categorized by volume: an approximately 14% 

home-price reduction effect for large-volume 

landfills and a 3% effect for small-volume landfills. 

TI1e sample oflandfills in our study does not include 

information on volume, thus we cannot compare 

the results directly. 

Our amenity results are also consistent with previous 

findings. For example, Anderson and West (2006b) 

found that proximity to open space increased home 

values by 2.6% per mile and ranged from 0.1 % to 

5%. Others have found effects from being on the 

waterfront, often with large value increases, but 

none have estimated effects for being within 500 

feet or outside of 500 feet and within a half mile of a 

beach, as we did, and therefore we cannot compare 

results directly. 

Clearly, home buyers and sellers are sensitive to the 

home's environment in our sample, consistently 

seeing more value where beaches, and open space 

are near and less where highways and major roads 

are near-with sporadic value distinctions where 

landfills, prisons and electricity line corridors are 

near. This observation not only supports inclusion 

of these variables in the model-because they 

control for potentially collinear aspects of the 

environment-but it also strengthens the claim that 

the market represented by our sample does account 

for surrounding amenities and disamenities which 

are reflected in home prices. Therefore, buyers and 

sellers in the sample should also have accounted for 

the presence of wind turbines when valuing homes. 

QS) Is there evidence that houses that sold during 

the post-announcement and post-constrnction 

periods did so at lower rates than during the pre­

announcement period? 

To test for this sales-volume effect, we examine 

the differences in sales rate in fixed distances from 

the turbines over the various development periods 

(Table 2). Approximately 0.29% percent of all 

homes in our sample (i.e., inside of 10 miles from a 

turbine) that sold in the prioranc period were within 

a half mile of a turbine. That percentage increases to 

0.50% in the postancprecon period and then drops to 

0.39% in the postcon period for homes within a half 

mile of a turbine. Similarly, homes located between 

a half mile and 1 mile sold, as a percentage of all 

sales out to 10 miles, at 1.9% in the prioranc period, 

1.8% in the postancprecon period, and 2.2% in the 

postcon period (and similar results are apparent for 

those few homes within a quarter mile). Neither of 

these observations indicates that the rate of sales 

near the turbines is affected by the announcement 

and eventual construction of the turbines, thus we 

can conclude that there is an absence of evidence to 

support the claim that sales rate was affected by the 

turbines. 35 

35 11\is~onclusion was confirmed with Friedman's two-way Analysis 
of Variance for related samples using period as the ranking factor, 
which confirmed that the distributions of the frequencies across 
periods was statistically the same. 
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4.2 Conclusion 
~ &¥$.;J!;W;i i:~~;;;;;£:,;$'.~;.;:~;,a:,,:.3;;;,t.ii~~a».w~e;p,.f.,;#!-~ ~flfetl~·~S.-~~-

This study investigates a common concern of 

people who live near planned or operating wind 

developments: How might a home's value be 

affected by the turbines? Previous studies on this 

topic, which have largely coalesced around non­

significant findings, focused on rural settings. Wind 

facilities in urban locations could produce markedly 

different results. Nuisances from turbine noise 

and shadow flicker might be especially relevant in 

urban settings where other negative features, such 

as landfills or high voltage utility lines, have been 

shown to reduce home prices. To determine if wind 

turbines have a negative impact on property values 

in urban settings, this report analyzed more than 

122,000 home sales, between 1998 and 2012, that 

occurred near the current or future location of 41 

turbines in densely-populated Massachusetts. 

The results of this study do not support the claim 

that wind turbines affect nearby home prices. 

Although the study found the effects on home 

prices from a variety of negative features (such as 

electricity transmission lines, landfills, prisons and 

major roads) and positive features (such as open 

space and beaches) that accorded with previous 

studies, the study found no net effects due to the 

arrival of turbines in the sample's communities. 

4.3 Suggestions for Future 
Research ------

Although our study is unparalleled in its 

methodological scope and dataset compared to 

the previous literature in the subject area, we 

recommend a number of areas for future work. 

Because much of the existing work on wind 

turbines has focused on rural areas-which is where 

most wind facilities have been built-there is no 

clear understanding of how residents would view 

the introduction of wind turbines in landscapes 

that are already more industrialized. Therefore, 

investigating residents' perceptions, through survey 

instruments, of wind turbines in more urbanized 

settings may be helpful. Policy-makers may also 

be interested in understanding the environmental 

attitudes and perceptions towards wind turbines 

of people who purchase houses near wind turbines 

after they have been constructed. Also, our study 

has aggregated the effects of wind turbines on the 

price of single-family houses for the study area as a 

whole. Although the data span an enormous range 

of sales prices, and contain the highest mean value 

of homes yet studied, it might be fruitful to analyze 

impacts partitioned by sales price or neighborhood 

to discover whether the effects vary with changes in 

these factors. 

Weak evidence suggests that the announcement of Finally, in our study we did not investigate the 

the wind facilities had an adverse impact on home ownership structure of the turbines (i.e., in 

prices, but those effects were no longer apparent Massachusetts some projects benefit town budgets 

after turbine construction and eventual operation while others are owned by private entities) 

commenced. The analysis also showed no unique and assess whether any benefits accrued to 

impact on the rate of home sales near wind turbines. surrounding communities, factors that the existing 

These conclusions were the result a variety of model literature suggests are important determinants of 

and sample specifications. community perceptions. This was considered 

beyond the scope of the existing study, but could 

be addressed in future research. 
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------

2009 0.04 0.006 7.29 0.000 
----

2010 0.04 0.006 6.15 0.000 
------ --· ___ ,,. 

-0.02 0.006 -3.74 0.000 
--- ·· ·-··• ···• •-----········-··------------·-·-·- --.. ······---

-0.07 0.002 -28.05 0.000 
----- ···-· 

________ ...... 

2 -0.02 0.002 -9.56 0.000 
----- •-• ·····-· ·~·····-·--· ----·-· 

3 Omitted 
--------···- ······----

4 -0.01 0.002 -3.03 0.002 

------··-.. ··---·-····•·• .... ,., .. ,.. ____ 
n 122,198 

,-------
.,,, .... ,.,_. ____ 

R2 0.80 
--·-- •-•------··· ------ --------· ··• ·····• 

Adj R2 0.80 
_______ ,, ..•..... 

F 2418 
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Funding for this study was provided, in part, by the 

Massachusetts Clean Energy Center (MassCEC). 

MassCEC is a quasi-public agency dedicated to 

accelerating the success of clean energy technologies, 

companies, and projects in Massachusetts while 

creating responsibly-sited generation projects, high 

quality jobs, and long-term economic growth for the 

people of Massachusetts. MassCEC provides seed 

investments to startup companies and renewable 

energy rebates for residents and businesses, and it 

supports the development of a local clean energy 

workforce. Since its inception in 2009, MassCEC 

has helped clean energy companies grow, supported 

municipal clean energy projects, and invested 

in residential and commercial renewable energy 

installations, creating a robust marketplace for 

innovative clean technology companies and service 

providers. The views and opinions of authors 

expressed herein do not necessarily state or reflect 

those of the Massachusetts government, any agency 

thereof, or the MassCEC. 

Additional funding was provided (to support Ben 

Hoen's contribution) by the U.S. Department of 

Energy's Wind & Water Power Program, within the 

Office of Energy Efficiency and Renewable Energy, 

under Contract No.DE-AC02-05CH1123. 

Therefore, this document was prepared, in part, as 

an account of work sponsored by the United States 

Government. While this document is believed to 

contain correct information, neither the United 

States Government nor any agency thereof, nor 

The Regents of the University of California, nor any 

of their employees, makes any warranty, express 

or implied, or assumes any legal responsibility 

for the accuracy, completeness, or usefulness of 

any information, apparatus, product, or process 

disclosed, or represents that its use would not 

infringe privately owned rights. Reference herein to 

any specific commercial product, process, or service 

by its trade name, trademark, manufacturer, or 

otherwise, does not necessarily constitute or imply 

its endorsement, recommendation, or favoring by 

the United States Government or any agency thereof, 

or The Regents of the University of California. The 

views and opinions of authors expressed herein do 

not necessarily state or reflect those of the United 

States Government or any agency thereof, or The 

Regents of the University of California. 

Ernest Orlando Lawrence Berkeley National 

Laboratory is an equal opportunity employer. 

The authors would like to thank the following people 

for their substantive comments and suggestions 

on this report and an earlier version: Dr. Thomas 

Jackson, Texas A&M University; Dr. Corey Lang, 

University of Rhode Island; Dr. Mark Thayer, San 

Diego State University; and Dr. Jeffrey Zabel, Tufts 

University. As well, the authors would like to thank 

The Warren Group for their provision of data and 

their patience and perseverance in seeing this 

project through to the end. 
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